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NOTICES  OF  THE  FIRST  EDITION 


LANDOIS'   PHYSIOLOGY. 


"  It  kt»«Ak4  well  fitt  the  popularity  of  PMcssor  Uinjoit'  Texubook  vt  Phytiolcfy  that  no  fewer  tlun  tbtir  l»rce 
cdillun*  liKV«  bircn  alreaJy  puUkhcil  in  Germany,  nltbotiKli  lb«  InmiU  tunilc  iU  fint  appearance  nnl  in«>rc  ihuil  f>.mr  r-r 
Ave  yotn  ago.  liMlccii,  Ir  hm  cvirienily  kU[>plle4l  a  wadi  rn  ihat  c>>uotry.  In  )U  OcfmAD  form  it  has  alto  atUineO 
(.oiuiUcrahW  pupiilarily  in  tn)cli>(<iJ.  Iii«»»iiicti,  hmircvcr,  aa  it  t«  c«aciitial)y  a  book  for  iiwlcnti  as  well  as  G>t  prwciU 
tiuncTK  oi  >[c(l4<:ine,  iio  iloubi  the  liict  ihat  ft  hiu.  tml  hlilicno  lw«n  inaa«Ul«(l  tui*,  u,  a  riMXidcmblc  cnlenc.  InlerfcirtJ 
wIlH  lu  wider  circulation  <tni'>ni£  that  dau  of  rcadcn  m  thi*>  cuuntry.  We  must,  thciefbrc.  LeoikT  U>  Vrufcu^t 
Slirlinfi  tim-crc  I  hank  >  fur  nnitoiaWinf;  llic  aniiinua  liutk  of  tendering  llic  wurk  inin  Kii£ll»h,il)eTeby  giving  Ki  Engti*h 
•tiul«nli  e^iny  acceu  In  oiiu,  frain  th«ir  puim  of  view,  of  the  iniwt  pr3ciir;il  bn>L.«  on  |it<v**>'>)i>fy  war  viriilen.  'Mie 
b'x-k,  n*  (he  tramUlor  npUj-  remnrkn  in  tti*  preface,  forini  ■  kind  of  bridge  between  phyiioloey  tnd  practlcAl 
medicine,  a«  one  nf  iU  «pcciAl  feninre*  Cnn*i«ta  in  (lie  jrraiittcftirnl  al  (lie  cml  of  i!ir  vjtriniu  M.-riK}ni  of  the  phy*l- 
aUtsy  proper,  of  an  eaccllendy  c-la»r  and  4ucclnci  uccouni  of  the  way^  in  which  iIm  norniul  fui^ciioiM  Irealcri  of  in 
the  precedinu  pangraphi  may  be  nttHlifietl  un4er  ilEseawd  condiilona.  *  *  *  *  lu  >pecbl  quuUuce  arc  its  com- 
plc(c»ci«  and  concivcncM.  It  ri>ntain»  n  very  binte  nmounl  of  actiiralc  infnrmatioii  put  in  Mich  a  way  na  lo  he 
attractive  and  not  t«di<>ut  to  the  ruder,  and  the  information  U  brought  up  tu  duie  Prufewor  Sl'Tlii?i;*«  trantU(li/n 
p(nt<««e^  ibc  ureal  merit  of  reading  aa  ihouuh  It  were  nvl  a  traiislaiion:  and  the  ntlilitiunal  infurmation  which  h«  lias 
iiucned  appean  In  i»  id  \k  in  all  c^'^v^  ample  .ind  ;i»lici«ua.  1  be  illutindotn  nf  the  work  arc  good,  both  iho«e  In 
be  found  in  the  original  ani!  th.)*e  which  Iwvc  been  mUW-^."—  fin'luA  ,\f^iJ:\4t/ Jintrnii/,  JaiiHitry  31^1,  t&SS. 

"It  is  the  most  c<}mp1ete  and  aatUfactory  text-book  on  Phyaiology  extant.  The  trat»latnr  and  pub- 
lisher have  CAch  done  tuDictliiiii;  t<i  incrc.UK  the  value  of  the  vuhiuc.  I.>r  Slirlinf;  has  ^ded  numerous  itkeful  annn- 
latioBt  and  a  tarjie  nutnWt  uf  new  (ilaicv  •  •  •  •  We  wUh  that  every  uudeot  and  phyttcliikii  ci>uld  be  drilled  Id 
tboe  volnme*  "—  'l^f  Mtifkni  K«^rd,  J^t'fw  iWi.  Sf/t.  St>lh,  tSSj. 

"AcircfuleKaniiiiaiionofihe  work  hcfufe  us  will,  we  think,  convince  any  Impartial  reader  ihat  the  cbiai  put  forth 
by  Pr.  Sttrting  in  favor  of  Prof.  Landoi*  Ik,  at  lca>t  «a  far  aft  relates  in  tlie  '  cmlBent  practicality'  of  hU  manual,  a 
wcD-fiMiiMled  one  '  tliviuii^ly,  ntir  author  not  nnly  leather  hta  pupiU  how  and  lu  what  ealent  pathological  prttccftw^ 
arc  tlerangrmenls  of  normal  activitiv*,  Iml  al«o  mMt  cffccilvely  aiiU  the  bu»y  physician  to  trace  back  front  morbid 
phenomena  the  cour*c  ol  divergence  from  healthy  phy*icul  operatlvnt,  and  (o  ifalher  m  tbi*  way  new  lighu  and  novel 
Indications  fnr  the  tompreheiiftitin  and  sclcniinc  imtiment  tif  the  maladies  which  he  i«  catleil  upon  In  cape  with  in  hii 
daily  waKarc  againvt  dI'Mraae.  The  •upcrIoH(y  of  ihc  German  work  it  atirActively  displayed  in  the  abaadant  llltivtra- 
tjoa  allotted  to  ihii  puniun  of  the  voluine,  renal  anatomy  iKlng  elucidnied  l<v  th>  leu  ihan  »vcn  ligure«.  Including 
fimr  of  Prof.  Ty»oii'»  impn>vcd  nii>dificMilont  tif  Klein**  and  of  Henic  •  piriiirca. 

"An  Additional  re;tiur7  of  the  uieat  practical  value  b  eKhthiinl  in  the  condetiaed.  account  of  the  *  Comparative 
rhyilology  of  the  L'rinnry  Appanilnis,'  and  in  the  brief  historical  rftnf*e  dcvulcd  (■>  an  oiitbiie  sketch  of  the  chief 
dttcoverie^  relating  to  the  kidneys,  irom  the  day*  of  Art*la(lc  lo  the  preitenl  liaic.  Such  a  narmttve  of  the  proitreu  nf 
uur  knowledge  i«i  re);<*"l  <"  '^c  renal  funcilun*  not  only  «eivcs  to  gratify  a  legitimate  curloairy,  which  often  fomu 
a  powerftd  incentive  to  the  prosecution  of  diligent  xudy,  but  iibo  contribuien  hi  an  agrecAble  raantier  to  fix  indehbty 
III  the  mind  tif  a  itiideni  the  e^veiitial  Ptctt  «n«l  many  iiiitmr  detaiU  nf  renal  |»hy«lokigy  and  paiholDgy. — Amtriettm 
JaurtMU  of  Meiiicttl  ScUnttM,  Jmty,  fSS6. 

"  PrafevKir  L^ndni*'  wnrk  on  Physlolncy  la  particithrty  diciinguiahed  try  ii«  pmclicol  nahtre,  and  by  the  cnn- 
•laivcy  with  which  the  diilhcr  brini;«  the  facu  <if  phy«(«)iigy  Into  relationship  with  Medicine.  It  !■  a  book  written 
ciirecially  for  medical  tludcnt*  and  medical  pntctitloncn.and  (he  »iKce«i  with  which  (hr  aiilh<<f  h«*  adapted  it  ti'llieir 
wanii  if  ^hown  liy  the  fait  that  it  hat  alreariy  p.itted  ihrmigS  fiiwr  large  rdiliorw  in  four  yeurt.  •  •  •  •  •  The 
work  i»  tbu>  cah  iibtcd  to  diiect  the  aiiGiititxi  uf  the  %ludent  towaid  a  ruU'inal  tystcm  of  treatment,  and  to  help  the 
praciitiiioer  rigbily  (o  umteT>taiid  and  ileal  (he  cfl**^.  under  til*  care  •  •  •  •  Profe^tor  Sllrlittg  hat  lran*Ul«d 
Ihc  work  well.  •  •  •  •  The  work  1a,  however,  not  a  mere  iraiulation.  I>r.  Stirling  luu  made  large  and  vaUuUc 
addiiion*  to  It.  In  place*  where  the  ((crman  edition  begin*  aliruptty.  and  aecmi  to  oMume  an  amotint  of  knowledge 
whit!h  (Iw  tludem  may  not  pvateth.  Dr.  Sfrling  ha*  •nppbed  the  n«cr*«^ry  inirudtHlM'ii.  ***"!»  one  uf  the 
bat  and  imHl  practical  Iraatlacf  on  phytiolugy   we  have  ever   ■een/'^y^r.    71   /^Mi/rr  Srmmiam,  im  "Brain," 
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M.D.,  D.C.L.,  LL.n.,  F.R.SS.  (LOND.  AND  EDIN.), 

rROFISSOR  OF  CLIKICAL  SURGBKV  IN   KINC'S  COLLIGK,   LONDON;  SUKGKOH  BXTMAORDINARV   TO   THE  <.>t'BEN  ; 
PORMBRLV  REGIUS   PRORBSSOR  OP  CLINICAL  SURGBRY  IN  THB  UNn'BRSITY  OF  BDINDVItrjH 

IN   ADUIRATION   OF 

'SPve  9Ttaiv  o^  Science, 
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MEDICAL  PRACTICE,  AND 

CONTRIBUTED   INCALCULABLY  TO  THE  WELL-BEING  OF  MANKIND; 
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*@fie  'Seac^e^, 

WHOSE  NOBLE  EARNESTNESS   IN   INCULCATING 

THE  SACRBDNESS  OF   HUMAN   LIFE 

STIRRED    THE    HEARTS    OF    ALL    WHO    HEARD    HIM: 

BY    HIS   FORMER   PUPIL, 
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PREFATORY  NOTE  TO  SECOND  ENGLISH  EDITION. 


That  a  Second  Edition  of  this  "Text-Book  of  Physiology"  has  been  called 
for  within  little  more  than  six  months  after  the  publication  of  the  complete  work, 
indicates  that  the  work  has  mtt  a  felt  want. 

In  this  Edition,  the  distinctive  character  of  the  work  has  been  adhered  to  and 
extended,  matter  being  added  bringing  forward  more  clearly  the  relation  of  Physi- 
otX)CV  to  Practical  Medicine  AND  Sl'rgerv;  the  additions  have  chiefly  been 
derived  from  the  Fifth  German  Edition,  but  there  has  been  incorporated  a  large 
amount  of  new  matter. 

The  number  of  Woodcuts  has  been  increased  from  494  to  583,  to  most  of  (he 
Cliapters  I  have  added  a  paragraph  on  the  AcrioSi  of  Drugs,  and  the  Chapters 
on  the  Nervous  System  have  been  largely  recast,  partly  wiih  the  aid  of  the  Lec- 
tures on  the  Diseases  of  the  Brain^  by  Dr.  Clowers. 

I  would  wish  to  tender  my  thanks  to  Dr.  Lauder  Bninton  for  the  use  of  some 
illustrations,  and  for  information  derived  from  his  Text-Book  of  Phannafotogy^ 
Therapeutics,  ami  Materia  Medica.  For  some  suggestions  relating  to  the  Nervous 
System  I  am  indebted  to  my  friend  Professor  Schafer,  also  to  Dr.  Sidru:y  Martin, 
who  was  kind  enough  to  write  the  paragraph  on  '■  Vegetable  Proteid  Bodies,"  and 
to  Dr.  Berry  Hart  for  suggestions  on  the  Chapters  on  Rf-i-koduction. 

Some  of  the  new  illustrations  are  taken  from  Schenk's  Grundriss  der  tiormalen 
Histohgie.  For  some  of  the  new  illustrations  I  am  indebted  to  Professors  Victor 
Horsley,  Rutherford  and  Charteris,  Drs.  Han  and  Johnson,  and  Mr.  Martindalc. 
The  others  arc  acknowledged  elsewhere. 

Altogether,  the  work  has  been  carefully  revised,  and  I  trust  this  Edition  will 
prove  as  useful  to  Practitioners  and  Students  as  the  last  one. 


WILLIAM   STIRLING. 


1  W\.  (JWENil   COM-RGK, 

Manchester,  yu«f,  1886. 
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PREFACE  TO  FIRST  ENGLISH  EDITION, 


The  fart  that  Professor  Landois'  **L/hrluch  tier  Physhlogie  des  Menschm^^ 
has  already  passed  through  four  large  editions  since  its  first  appearance  in  1880, 
shows  that  in  some  special  way  it  has  met  the  wants  of  Students  and  Practitioners 
in  Germany.  The  characteristic  which  has  thus  commended  the  work  will  be 
found  mainly  to  lie  in  its  eminent  practUality :  and  it  is  this  consideration  which 
has  induced  me  to  undertake  the  task  of  putting  it  into  an  English  dress  for 
English  readers. 

I^ndois'  work,  in  fact,  forms  a  Bridge  between  Physiology  and  the  Practice  of 
Medicine.  It  never  loses  sight  of  the  fact  that  the  Student  of  to-day  is  the  prac- 
ticing Physician  of  to-morrow.  Thus,  to  every  Section  is  appended — after  a  full 
description  of  the  normal  processes — a  short  rHun.e  of  the  juthological  variations, 
the  object  of  this  being  to  direct  the  attention  of  the  Student,  from  the  outset,  to 
the  field  of  his  future  practice,  and  to  show  him  to  what  extent  pathological  pro- 
cesses are  a  disiurL>ance  of  the  normal  activities. 

In  the  same  way,  the  work  offers  to  the  busy  physician  in  practice  a  ready  means 
of  refreshing  his  memory  on  the  theoretical  aspects  of  Medicine.  He  can  pass 
backtvard  from  the  examination  of  pathological  phenomena  to  the  normal  pro- 
cesses, and,  in  the  study  of  these,  find  new  indications  and  new  lights  for  the 
appreciation  and  treatment  of  the  cases  under  consideration. 

With  this  object  in  view,  all  the  methods  of  investigation  which  may  with 
advantage  be  used  by  the  Practitioner,  are  carefully  and  fully  described;  and 
Histology,  also,  occupies  a  larger  place  than  is  usually  assigned  to  it  in  Text-books 
of  Physiology. 

A  word  as  to  my  own  share  in  the  present  version  :  — 

(i.)  In  the  task  of  translating,  I  have  endeavored  throughout  to  convey  the 
author's  meaning  accurately,  without  a  too  rigid  adherence  to  the  original.  Those 
who  from  experience  know  something  of  the  difficulties  of  such  an  undertaking 
will  be  most  ready  to  pardon  any  shortcomings  they  may  detect. 

(a.)  Very  considerable  additions  have  been  made  to  the  Histological  and  also 
(where  it  has  seemed  necessary)  to  the  Physiological  sections.  AM  such  additions 
are  enclosed  within  square  brackets  [].  I  have  to  acknowledge  my  indebtedness 
10  many  valuable  Papers  in  the  various  Medical  Journals — Hritish  and  Foreign — 
and  also  to  the  Histological  Treatises  of  Cadial,  Ranvier  and  Klein;  Quain's 
Anulitmy^  vol.  H,  ninth  edition  ;  Hermann's  Ilandbuck  der  Physiologic  ;  and  the 
Text-books  on  Physiology^  by  Rutherford,  Foster  and  Kirkes;  Gamgee's /'Aj'.f/p- 
(ogtueU  Chemiitry ;  Kwald's  Digestitm ;  and  Koberl's  DigesUve  Ferments. 

(3.)  The  Illustrations  have  been  increased  to  494  in  the  English  version.    These 

\% 


X  PREFACE   TO    FIRST   EDITION. 

additional  diagrams,  with  the  sources  whence  derived,  are  distinguished  in  the 
List  of  Woodcuts  by  an  asterisk. 

There  only  remains  for  me  now  to  express  my  thanks  to  all  who  have  kindly 
helped  in  the  progress  of  the  work,  either  by  furnishing  Illustrations  or  otherwise 
— especially  to  Drs.  Byrom  Bram well,  Dudgeon,  Lauder  Brunton,  and  Knott; 
Mr.  Hawksley;  Professors  Hamilton  and  M'Kendrick;  to  my  esteemed  teacher 
and  friend.  Professor  Ludwig,  of  Leipzic;  and,  finally,  to  my  friend,  Mr.  A.  W, 
Robertson,  M.  A.,  formerly  Assistant  Librarian  in  the  University,  and  now  Libra- 
rian of  the  Aberdeen  Public  Library,  for  much  valuable  assistance  while  the  work 
was  passing  through  the  press. 

The  Second  Part  will,  it  is  hoped,  be  issued  early  in  1885. 

In  conclusion — and  forgetting  for  the  moment  my  own  connection  with  it — I 
heartily  commend  the  work/^r  se  to  the  attention  of  Medical  Men,  and  can  wish 
for  it  no  better  fate  than  that  it  may  speedily  become  as  popular  in  this  country  as 
it  is  in  its  Fatherland. 

WILLIAM  STIRLING. 
Aberdeen  University, 
November,  l$S4. 
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THE  SCOPE  OF  PHYSIOLOGY  AND  ITS  RELATIONS  TO  OTHER  BRANCHES 

OF  NATURAL  SCIENCE. 

Physiology  is  the  science  of  the  vital  phenomena  of  organisms,  or,  broadly, 
it  is  the  Doctrine  of  Life.  Correspondingly  to  the  divisions  of  organisms,  we 
distinguish — (i)  A  nimai  Physiology :  {2)  V^f^etable  Physiohgy  ;  and  {j^)  the  Physi- 
ology of  thf  Linvest  Living  Or^anisms^  which  sland  on  the  border  line  of  animals 
and  plants,  /'.  ^.,  the  so-called  Protista  oi  Harckel,  micro-organismSf  and  those 
elementary  organisms  or  cells  which  exist  on  thu  same  level. 

The  object  of  Physiology  is  to  establish  these  phenomena,  to  determine  their 
regularity  and  causes,  and  to  refer  them  to  the  general  fundamental  laws  oi 
Natural  Science,  viz.,  the  Laws  of  Physics  and  of  Chemistry. 

The  following  Scheme  shows  the  relation  of  Physiology  to  the  allied  branches 
of  Natural  Science  : — 

BIOLOGY. 

The  science  of  organized  beings  or  organisms  (animals,  plants,  protistae,  and 
elementary  organisms j. 


I.  MORPHOLOGY. 
The  doctrine  of  the  form  of  organ- 


isms. 

General 
Morphology. 

The  doctrine  of  (he 
formed  elementary 
comiilueats  of  ox- 
gaiiismK. 

(Hiatolo^t— 

(a)    Histology     of 

PUnts. 
{h)  Histology  of  Ani- 


Special 
Morphology. 

Tlie  doctrine  of  the 
parti  and  or^nm  of 
organisms. 


(Organology 
Anatomy  I — 

(rt)  Phytolomy. 

(b)  Zootomy. 


II.  PHYSIOLOGY. 

The  doctrine  of  the  vital  phenom. 
cna  of  organisms. 


General 
Physiology. 

The  doctrine  of  vital 
phenomena  in  gen- 
eral— 

ia)  Of  Plants. 

(A)  Of  Animals. 


Special 
Physiology. 

The  doctrine  of  the 
activities  of  the  in 
dividual  or^^ns — 

(•I)  Of  Planls. 

\f>)  or  Anunuls. 


in.  EMBRYOLOGY. 


The  doctrine  of  the  generation  and  development  of  organisms. 


Morf^aiiigieat  part  ot  the  doc- 
trine of    development,  1.  e.^ 
the   doctrine    uf  form   in   its 
stages  of  development — 
{a)  (General. 
(»)  Special. 


History  of  the  development 
of  iin^if  beings,  of  the  iiidi* 
vidua!  if.g.,  of  man)  from  the 
ovum  onward  (Ontogeny)— 

{u)   In  riant&. 

\lf)  In  Animals. 

History  of  the  development 
uf  a  wkote  sfofi  of  organUms 
Irom  the  lowc&t  forms  of  the 
series  upiviiid  (Phylogeny)— 

(a)   In  Plants. 

[6)  In  Animals. 
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Physioioi^cat part  of  the  doc- 
trine of  development,  1.  <■., 
the  doctrine  of  the  attivUy 
during  development — 

(tf)  General. 

{b)  SpeciaL 
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Morphology  and  Physiology  are  of  equal  rank  in  biological  science,  snd  a 
previous  acquaintance  with  Morphology  is  assumed  as  a  basis  for  the  comprehen- 
sion of  Physiolo^fy,  since  the  work  of  an  organ  can  only  be  properly  understood 
when  its  external  form  and  its  internal  arrangements  are  known.  Development 
occupies  a  middle  place  between  Morphology  and  Physiology  ;  it  is  a  morpho- 
logical discipline  in  so  far  as  it  is  concerned  with  the  description  of  the  parts  of 
the  developing  organism  ;  it  is  a  physiological  doctrine  in  so  far  as  it  studies  the 
aciivities  and  vital  phenomena  during  the  course  of  development. 


MATTER. 

The  entire  visible  world,  including  all  organisms,  consists  of  matter,  /.  ^.,  of 
substance  which  occupies  space. 

We  distinguish  ponderabie  matter  which  has  weight,  and  imponderable  matter 
which  cannot  be  weighed  in  a  balance.     The  latter  is  generally  termed  eiher. 

In  ponderable  materials,  again,  we  distinguish  their  formt  i.  e.,  the  nature  of 
their  limiting  surfaces;  further,  their  volume^  i.  e.,  the  amount  of  space  which 
they  occupy;  and  lastly,  their  at^^re^ale  comiition^  i.  f.,  whether  they  are  solid, 
Huid,  or  gaseous  bodies. 

Ether.' — The  ether  fills  the  space  of  the  universe,  certainly  as  far  as  the  most 
distant  visible  stars.  This  ether,  notwithstanding  its  imponderability,  possesses 
distinct  mechanical  properties;  it  is  infinitety  more  attenuated  than  any  known 
kind  of  gas,  and  behaves  more  like  a  solid  body  than  a  gas,  resembling  a  gelatin- 
ous mass  rather  than  the  air.  It  participates  in  the  luminous  phenomena  due  to 
the  vibrations  of  the  atoms  of  the  fixed  stars,  and  hence  it  is  the  transmitter  of 
light,  which  is  conducted  by  means  of  its  vibrations,  with  inconceivable  rapidity 
(42,320  geographical  miles  i>er  second)  to  our  visual  organs  {Tyndall), 

Imponderable  matter  (ether)  and  ponderable  matter  are  not  separated  sharply 
from  each  other;  rather  does  the  ether  penetrate  into  all  the  spaces  existing 
between  the  smallest  particles  of  ponderable  matter. 

Particles. — Supposing  that  ponderable  matter  were  to  be  subdivided  continu- 
ously into  smaller  and  smaller  pt»rtions,  until  wc  reached  the  last  stage  of  division 
in  which  it  is  possible  to  recognize  the  aggrepUe  condition  of  the  matter  operated 
upon,  we  should  call  the  finely-divided  portions  of  matter  in  this  state  particles. 
Particles  of  iron  would  still  be  recognized  as  solid,  particles  of  water  as  ftuid^ 
particles  of  oxygen  as  gaseous. 

Molecules. — Supposing,  however,  the  process  of  division  of  the  particles  to 
be  carried  fiiriher  still,  we  should  at  last  reach  a  limit  beyond  which,  neither 
by  met  hanical  nor  by  physical  means,  could  any  further  division  be  cflTccted. 
We  should  have  arrived  at  the  molecules.  A  molecule,  therefore,  is  the  smallest 
amount  of  matter  which  can  still  exist  in  a  free  condition,  and  which  as  a  unit 
no  longer  exhibits  the  aggregate  condition. 

Atoms. — But  even  molecules  are  not  the  final  units  of  matter,  since  every 
molecule  consists  of  a  group  of  smaller  units,  called  atoms.  An  atom  cannot 
exist  by  itself  in  a  free  condition,  but  the  atoms  unite  with  other  similar  or  dis- 
similar atoms  to  form  groups,  which  are  railed  molecules.  Atoms  are  incapable 
of  further  subdivision,  hence  their  name.  We  assume  that  the  atoms  are  invari- 
ably of  the  same  size,  and  that  they  are  solid.  From  a  chemical  point  of  view, 
the  atom  of  an  elementary  Iwdy  (element)  is  the  smallest  amount  of  the  element 
which  can  enter  into  a  chemical  combination.  Just  as  ponderable  matter  consists 
in  its  ultimate  parts  of  iKjnderable  atoms,  so  does  the  ether  consist  of  analogous 
small  ether  atoms. 

Ponderable  and  Imponderable  Atoms. — The  ponderable  atoms  within 
ponderable  matter  are  arranged  in  a  definite  relation  to  the  ether  atoms.  The 
ponderable  atoms  mutually  attract  each  other,  and  similarly  they  attract  the  im- 
ponderable ether  atoms  ;  but  the  ether  atoms  repel  each  other.     Hence,  in  pon- 
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derable  masses,  ether  atoms  surroimd  every  ponderable  atom.  These  masses,  in 
virtue  of  the  attraction  of  the  ponderable  atoms,  lend  to  come  together,  but  only 
to  the  extent  permitted  by  the  snrrounding  ether  atoms.  Thus  ihc  jxjnderable 
atoms  can  never  come  so  close  as  not  to  leave  intersjKices.  All  matter  must, 
therefore,  be  regarded  as  more  or  less  loose  and  open  in  texture,  a  condition  due 
to  the  interpenetrating  ether  atoms,  which  resist  the  direct  contact  of  the  ponder- 
able atoms. 

'Aggregate  Condition  of  Atoms. — The  relative  arrangement  of  the  mole- 
cules, t.  e.,  the  smallest  particles  of  matter  which  can  be  isolated  in  a  free  condi- 
rion»  determines  the  aggre;;ate  condition  of  the  body. 

Within  a  solid  body,  characterized  by  the  permanence  of  its  volume  as  wel!  as 
by  the  independence  of  its  form,  the  molecules  are  so  arranged  that  they  cannot 
readily  be  displaced  from  their  relative  position. 

Fluid  bodies,  although  their  volume  is  permanent,  readily  change  their  shape, 
and  their  molecules  are  in  a  condition  of  continual  movement. 

When  this  movement  of  the  molecules  takes  so  wide  a  range  that  the  individual 
molecules  fly  apart,  the  body  becomes  gaseous,  and  as  such  is  characterized  by 
the  instability  of  its  form  as  well  as  by  the  changeableness  of  its  volume. 

Physics  is  the  study  of  these  molecules  and  their  motions. 


FORCES. 

I,  Gravitation — Work  done. — All  phenomena  appertain  to  matter.  These 
phenomena  are  the  appreciable  expression  of  the  forces  inherent  in  matter.  The 
forces  themselves  are  not  appreciable,  they  are  the  causes  of  the  phenomena. 

Gravitation.— The  law  of  gravitation  postulates  that  every  particle  of  pon- 
derable matter  in  the  universe  attracts  every  other  particle  with  a  certain  force. 
This  force  is  inversely  as  the  square  of  the  distance.  Further,  the  attractive  force 
is  directly  proportional  to  the  amount  of  the  attracting  matter,  without  any  refer- 
ence to  the  quality  of  the  body.  We  may  estimate  the  intensity  of  gravitation 
by  the  extent  of  the  movement  which  it  communicates  to  a  body  allowed  to  fall, 
for  one  second,  through  a  given  distance,  in  a  space  free  from  air.  Such  a  body 
will  fall  in  t^acuo  9.809  metres  i>er  second.  This  fact  has  been  arrived  at  experi- 
mentally. 

Lei  us  represent^  =  g.809  metres,  the  final  velocity  of  the  freely  falling  body  at  the  end  of  one 
Mcond.     The  velocity,  V,  of  the  freely  falling  body  is  proportional  to  the  time,  /,  m  that 

Y=j/ (I): 

!>.,  at  the  end  of  the  ist  sec,  V  =  ^.  1  —x~  9.809  M— the  dtsunce  traversed— 

^^En (a); 

2 
t^  ,  ihc  distances  are  as  the  s^juare  of  Ihc  times.     Hence,  from  (l)  and  (a)  it  follows  (by  eHmtnal< 
ing  / 1  thai — 

V  =  |/V^ (3)- 

The  velocities  are  as  (he  >vitiare  roots  of  the  distances  traversed — 

Therefore,  \-  —  s (4). 

The  freely  falling  body,  and  in  fact  every  freely  moving  body,  possesses  kinetic 
energy,  and  is  in  a  certain  sense  a  magazine  of  energy.  The  kinetic  energy  of 
any  moving  body  is  always  equal  to  the  product  of  its  weight  (estimated  by  the 
balance  I.  and  the  height  to  which  it  would  rise  from  the  earth,  if  it  were  thrown 
from  the  earth  with  its  own  velocity. 

Ijrt  W  rctiresent  the  kinetic  enci^  of  the  moving  body,  and  I'  it**  weight,  then  W  .=  P.*,  so  thai 
ftoax  (4)  it  Mldw^  thai  — 

W=P^ (5). 

Hence,  the  kinetic  energy  of  a  body  is  propuriional  to  the  square  of  its  velocity. 

~  c 
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Work. — If  a  force  Cpressure,  strain,  tension)  be  so  applied  to  a  body  as  to  move' 
it,  a  certain  amount  of  7vork  is  performed.     The  amount  of  work  is  equal  to  the 
product  of  the  amount  of  the  pressure  or  strain  which  moves  the  body,  and  of  the 
distance  through  which  it  is  moved. 

Let  K  represent  the  force  acting  uii  the  Iwdy,  and  S  the  distance,  then  the  work  W  ^  KS.  The 
aaraciion  between  the  ennh  and  any  tK>dy  raised  atwve  it  is  a  source  of  work. 

It  is  usual  to  express  the  value  of  K  in  kilogrammes,  and  S  in  metres,  so  that 
the  "unit  of  work"  is  the  kilogramme-metre,  /.<•.,  the  force  which  ts  re- 
quired to  raise  i  kilo,  to  the  hcij^hi  <»f  i  metre. 

2.  Potential  Energy, —  T/ie  tramformaiion  of  Pottrttial  into  KiiutU  cnagy 
and  convene ly :  Besides  kinetic  energy,  there  is  also  "potential  energy,'*  or 
energy  of  position.  By  this  term  are  meant  various  forms  of  energy,  which  arc 
suspended  in  their  action,  and  which,  although  they  may  cause  motion,  arc  not 
in  themselves  motion.  A  roiled  watch-spring  kept  in  this  iiosition,  a  stone  resting 
u|x>n  a  lower,  arc  instances  of  bodies  possessing  potential  energy,  or  the  energy  of 
position.  It  requires  merely  a  push  to  dcvchip  kinetic  from  ihc  potential  energy, 
or  lo  transform  potential  into  kinetic  energy. 

Work,  w,  was  performed  in  raising  the  stone  lo  rest  upon  the  lower. 

to  -^  f,  s,  where/    -  the  weijjht  aud  s  -r=  the  heifjhl. 
/  —  M  ./,  is  =:  the  product  of  the  mass  ( w),  and  ihc  force  of  gravity  ( ^'),  so  that  Ji^  =  f*  g  t- 

This  is  at  the  same  time  the  expression  for  the  potential  energy  of  the  stone. 
This  potential  energy  may  readily  be  transformed  into  kinetic  energy  by  merely 
pushing  the  stone  so  that  it  falls  from  the  tower.  The  kinetic  energy  of  the  stone 
is  equal  lo  the  final  velocity  with  which  it  impinges  upon  the  earth. 


V    :=  ^■'ar  J  (sc 


above  (3)  ). 


5v*  = 


m  gs  was  the  expression  for  the  potential  energy  of  the  stone  while  it  was  still  rest> 

ing  on  the  height;  —  Vj  is  the  kinetic  energy  corresponding  to  this  potential 
2 

energy  (^Bnick^^. 

Potential  energy  may  be  transformed  into  mechanical  energy  under  the  most 

varied  conditions ;   it  may  also  he  transferred  from  one  body  to  another. 

The  movcincnt  of  a  pendulum  is  a  striking  example  of  the  former.  Wlicii  the  pendulnm  it  nl 
the  hiehest  (Aint  nf  itft  excursion,  it  must  be  reg.iriied  as  ahsoluiely  at  rest  for  an  ituUant,  and  as  en- 
dowed with  |}oteiitial  energy,  thus  corre-tponilitig  with  the  raiiied  stone  in  the  previous  inMaiice. 
During  ihc  swing  of  the  jKnduluin  this  ijoicntial  cncrg>'  is  changed  into  kinetic  energy,  which  U 
greatest  when  the  penduhim  is  moving  most  rapidly  toward  Ihe  vertical.  As  it  rises  again  from  the 
vertical  potiitiun,  it  moves  more  slowly,  and  tlie  kinetic  energy  m  changed  into  potential  energy, 
which  once  more  reaches  its  maximum  when  the  pendulum  cumes  to  rest  at  the  utmost  limit  of  its 
excursion.  Were  it  no*  for  Ihe  rcaistances  continually  oppijsed  10  its  movements,  such  as  the  resiJU- 
ance  of  the  air  and  friction,  the  movement  of  tttc  pendulum,  due  to  the  alternating  change  of  kinetic 
into  potential  energy  and  vut  vrrsS,  would  continue  uninterruptedly,  as  with  a  mathematical  |>endu 
lum.  Supimw;  the  swinging  b*II  of  ihe  pendulum,  when  exaclly  in  a  vertical  [wsition,  impinged 
upon  a  resting  but  moving  sphere,  the  ]K>tcntiaI  energy  of  the  ball  of  the  pendulum  would  be  trans- 
ferred directly  to  the  5pherc,  provided  that  the  elasticity  of  the  ball  of  the  pcnilulnm  and  the  sphere 
were  complete ;  ihe  pendulum  would  come  to  rest,  while  the  sphere  would  move  onward  with  an 
c^jual  amount  of  kinetic  energy,  provided  there  were  no  resistance  lo  its  niovcmciit.  Thi>  ik  an  ex- 
ample of  the  transference  of  kinetic  encrgj'  from  one  Ixidy  to  another,  lastly,  sup)Ase  that  a 
stretched  watch-spring  on  uncoiling  causes  another  spring  to  become  coiled ;  and  we  have  another 
example  of  the  transference  of  kinetic  energy  from  one  l>ody  to  another. 

The  following  general  statement  is  deducible  from  the  foregoing  examples  :  If, 
in  a  system,  the  individual  moving  ma-sses  approach  the  final  position  of  equili- 
brium, then  in  this  system  the  sum  of  the  kinetic  energies  increases;  if,  on   the 
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f,  the  particles  move  away  from  the  final  position  o(  e4|uilibrium.  then 
ihe  sum  ot  the  f^oitntial  energies  is  increased  at  the  expense  of  the  kinetic  ener- 
gies, />. .  the  kiiuiii  energies  diniinisti  (liriitkf). 

The  pcQ  julum,  which,  after  swinging  froui  the  highesr  point  of  its  excursion,  approaches  the  ver- 
tical petition,  I.e.,  ibc  (MsiLioD  of  cquilibriunrofa  pnssivc  penduhtm,  has  in  this  position  the  Urgett 
arocHint  uf  potential  energy  ;  as  it  again  ascends  to  the  highest  [loint  of  ii«  excursion  on  the  other 
side,  tt  o^ain  (^ttuatly  receives  the  maximum  of  |>otcntial  energy  at  the  evpense  of  the  graduilly 
diminishing  movemenL,  and,  ihcreforc,  of  the  kinetic  energy. 

3.  Heat. — lis  Relation  to  Poifntia! ami  Kinetic  Eneri^\ — If  a  lead  weight  be 
thrown  from  a  high  tower  to  the  earth,  and  if  it  strike  an  unyielding  suVstance,  the 
movement  of  the  mass  of  lead  is  not  only  arrested,  but  the  kinetic  energy  (which 
to  the  eye  api*ears  to  be  lost)  is  transformed  into  a  lively  vibratory  movement  of 
the  atoms.  When  the  lead  meets  the  CHrth,  heat  is  produced.  The  aimount  of 
heat  produced  is  proportional  to  the  kinetic  energy,  which  is  transformed  through 
the  concussion.  At  the  moment  when  the  lead  weiglit  reaches  the  earth,  the  atoms 
are  thrown  into  vibrations ;  they  impinge  upon  each  other ;  then  relwiind  again  from 
each  other  in  consequence  of  their  elasticity,  which  opposes  their  direct  juxtapo- 
sition ;  they  fly  asunder  to  the  maximum  extent  permitted  by  the  attractive  force 
of  the  ponderable  atoms,  and  thus  oscillate  to  and  fro.  All  the  atoms  vibrate  like 
a  pendulum,  until  their  movement  is  communicated  to  the  ethereal  atoms  surround- 
ing them  on  every  side,  /.c,  until  the  heat  of  the  healed  mass  is  *'  rmiiated.''  Heat 
is  Ikvs  a  inhratory  moz'ement  of  the  atoms. 

As  the  amount  of  heat  produced  is  proportional  to  the  kinetic  energy,  which  is 
transformed  through  the  concussion,  we  must  find  an  adequate  measure  for  both 
forces. 

Heat  Unit. — .\s  a  standard  of  measure  of  heat,  we  have  the  **  heat  unit  "  or 
calorie.  The  '*  heat  unit  '*  or  calorie  is  the  amount  of  energy  required  to  raise 
the  temperature  of  i  gramme  of  water  1°  C.  T*he  *'  heat  unit"  corresponds  to 
425.5  gramme- metres,  i.e.,  the  same  energy  required  to  heat  i  gramme  of  water 
t*  C.  would  rai-sca  weight  of  425.5  grammes  to  the  height  of  i  metre  ;  or,  a  weight 
of  425. 5  grammes,  if  allowed  to  fall  from  the  height  of  i  metre,  would  by  its  con- 
riMsion  produce  as  nuich  heat  as  would  raise  the  [emi)eratureof  i  gramme  of  water 
1°  C.  The  "  mechanical  equivalent  '*  of  the  neat  unit  is,  therefore,  425.5 
gramme-metres. 

It  ia  evident  that  firom  the  collision  of  moving  masses  an  immeasurable  amount  of  heal  can  be 
produced.  I^t  us  apply  what  has  already  been  .uid  10  the  earth.  .Suppose  the  earth  to  be  dis- 
lurbcri  ia  its  orbit,  and  suppose  further  that,  owing  to  the  attraction  of  the  ^un.  it  were  to  impinge 
00  the  latter  ( whereby,  according  lo  J.  R.  Mayer,  its  final  velocity  would  !«:  S5  geographical  miles 
per  second),  the  amount  oi  heat  produced  by  the  collision  would  be  e>]ual  to  that  produced  by  the 
combuktiun  of  a  mass  of  pure  charcoal  more  than  5000  times  as  heavy  ( JuUm  Kobfrt  Mavet\  HHm- 

h*tn\. 

Thus,  the  heat  of  the  sun  iLself  can  be  produced  by  the  coHiaion  of  masses  of  cold  miller.  If  the 
cold  matter  of  the  uni«erie  were  thrown  into  space,  and  there  left  to  the  attraction  of  its  panicles, 
Ihe  collision  of  tliesc  particles  would  ultimately  produce  the  light  of  the  stars.  Al  the  preMrnt  lime, 
nameroiu  cosmic  Ivxlieik  cttjlide  in  Kpace,  while  innumerable  small  meteors  (94,000  to  i8S,ooo  bil- 
lions of  kilo*,  per  minute)  fall  into  the  sun.  The  force  of  gravity  is,  perhaps,  in  fact,  the  only  source 
of  all  heat  (/  fi.  Mayrr,  TyndaU ). 

We  have  a  homely  example  nf  the  traniformalion  of  kinetic  energy  into  heat  in  the  fact  that  a 
tilsck^otitb  may  moke  a  piece  of  iron  ret  hot  by  hammering  il.  Of  the  conversion  of  heat  into  ki- 
netic energy,  we  have  an  example  in  the  hot  vrittery  vapor  (steam)  of  the  Meam  engine  raising  the 
|Maton.  An  example  of  the  conversion  of  potential  cncq^'  into  heat  occun  in  a  metallic  ipritig, 
when  it  uncoilit  and  is  so  placed  a>  lo  rub  against  a  rou^h  surface,  producing  heal  by  friction. 

4.  Chemical  Affinity:  Relation  to  Heat. — While  gravity  acts  upon  the 
jnrticles  of  matter  without  reference  to  the  composition  of  the  body,  there  is  an- 
other atomic  force  which  acts  between  atoms  i»f  a  chemically  different  nature  ;  this 
i%  chemical  affinity.  This  is  the  force  in  virtue  of  which  the  atoms  of  chemi- 
cally dilTcrcnt  bodies  unite  to  fonn  a  chemical  compound.  The  force  itself 
varies  greatly  between  the  atoms  of  different  chemical   bodies;  thus  we  speak  of 
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!;trong  chemical  affiniiies  and  weak  affinities.  Just  as  we  were  able  to  estimate  the 
potential  energy  of  a  body  in  motion  from  the  amount  of  heat  which  was  produced 
when  it  collided  with  an  unyielding  body,  so  we  can  measure  the  amount  of  the 
chemical  affinity  by  the  amount  of  heal  which  is  formed  when  the  atoms  of  chem- 
ically different  bodies  unite  to  form  a  chemical  compound.  As  a  rule,  ht 
is  formed  when  separate  chemically  different  atoms  form  a  compound  body. 
When,  in  virtue  of  chemical  affinity,  the  atoms  of  i  kilo,  of  hydroj^en  and  S  kilos, 
of  oxygen  unite  to  form  the  chemical  com|)ound  matfr,  an  amount  of  heat  is  there- 
by evolved  which  is  equal  to  that  produced  by  a  weight  of  47,000  kilos,  falling 
and  colliding  with  the  earth  from  a  height  of  rooo  feel  above  the  surface  of  the 
earth.  If  1  gram,  of  H  be  burned  along  with  the  requisite  amount  of  O  to  form 
water,  it  yields  54,460  heat  units  or  calories;  and  i  gram,  carbon  burned 
to  carbonic  acid  (carbon  dioxide)  yields  SoSo  heat  units.  Wherever^  in 
ehemica/  processes  J  strong  chemical  affiniiies  are  satisfied,  heat  is  set  free,  /.^., 
chemical  affnity  is  changed  into  heat.  Chemical  affinity  is  a  form  of  potential 
energy  obtaining  between  the  most  different  atoms,  which  during  chemical  pro- 
cesses is  changed  into  heat.  Conversely,  in  those  chemical  processes  where  strong 
affinities  are  dissolved,  and  chemically-united  atoms  thereby  pulled  asunder,  there 
must  l>e  a  diminution  of  temperature,  or,  as  it  is  said,  heat  becomes  latent — that  is. 
the  energy  of  the  heat  which  has  become  latent  is  changed  into  chemical  energy, 
and  this,  after  decomposition  of  the  compound  chemical  body,  is  again  represented 
by  the  chemical  affinity  between  its  isolated  different  atoms. 


LAW  OF  THE  CONSERVATION  OF  ENERGY. 

Julius  Robert  Mayer  and  Helmholtz  have  established  the  important  law  that,  in 
a  system  which  does  not  receive  any  influence  and  impre&sion  from  without,  the 
stira  of  all  the  forces  acting  within  it  is  always  the  same.  The  various  forms  of 
energy  can  be  transformed  one  into  the  other,  so  that  kinetic  energy  may  be  tranS' 
formed  into  potential  energy;  and  vice  versa,  but  there  is  never  any  part  of  the  energy 
lost.  The  transformation  takes  place  in  such  measure  that,  from  a  certain  definite 
amount  of  one  form  of  energy,  a  definite  amount  of  another  c^n  be  obtained. 

The  various  forms  of  energy  acting  in  organisms  occur  in  the  following 
modifications: — 

1.  Molar  motion  (ordinary  movements),  as  in  the  movements  of  the  whole 
body,  of  the  limbs,  or  of  the  intestines,  and  even  those  observable  microscopically 
in  connection  with  cells. 

2.  Movements  of  Atoms  as  Heat. — We  know,  in  connection  with  the 
vibration  of  atoms,  that  the  number  of  vibrations  in  the  unit  of  time  determines 
whether  the  oscillations  appear  as  heat,  light,  or  chemically-active  vibrations. 
Heat  vibrations  have  the  smallest  number,  while  chemically-active  vibrations  have 
the  largest  number,  light  vibrations  standing  between  the  two.  Jn  the  human 
body  wc  only  observe  heat  vibrations,  but  some  of  the  lower  animals  are  capable 
of  exhibiting  the  phenomena  of  light. 

In  the  human  organism,  the  molar  movements  in  the  individual  organs  are 
constantly  being  transformed  into  heat,  e.  g.,  the  kinetic  energy  in  the  organs  of 
the  circulation  is  transformed  by  friction  into  heat.  The  measure  of  this  is  the 
"unit  of  MTork"  ^  I  gramme-metre,  and  the  **unit  of  heat"  =425,5 
gramme-metres. 

3.  Potential  Energy. — The  organism  contains  many  chemical  compounds 
which  are  characterized  by  the  great  complexity  of  their  constitution,  by  the 
imperfect  saturation  of  their  affinities,  and  hence  by  their  great  tendency  to  split 
up  into  simpler  bodies. 

The  body  can  transform  the  potential  energy  into  heat  as  well  as  into  kinetic 
energy,  the  latter  always  in  conjunction  with  the  former,  but  the  former  always  by 
itself  alone.      The  simplest  measure  of  the  potential  energy  is  the  amount  of  heat. 
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which  can  bt*  obtained  by  complete  combustion  of  the  chemical  compounds 
reprei»enting  the  potential  energy.  The  number  of  work  units  can  then  be  ralcit- 
latcd  from  the  amount  of  heat  produced. 

4.  The  phenomena  of  electricity,  magnetism  and  diamagnetism  may  be 
recognized  in  two  directions,  as  movements  of  the  smallest  particles,  which  are 
recognized  in  the  glowing  of  a  thin  wire  when  it  is  traversed  by  strong  electrical 
currents  (against  considerable  resistance),  and  also  as  molar  movement,  as  in  the 
attraction  or  repulsion  of  the  magnetic  needle.  Electrical  phenomena  are  mani- 
fested in  our  bodies  by  muscle,  nerve,  and  glands,  but  these  phenomena  are  rela- 
tively small  in  amount  when  compared  with  the  other  forms  of  energy.  It  is  not 
improbable  that  the  electrical  phenomena  of  our  bodies  become  almost  completely 
transformed  into  heat.  As  yet  experiment  has  not  determined  with  accuracy  a 
'*  unit  of  electricity  "  directly  comparable  with  the  "heat  unit  "  and  the  **  work 
unit." 

It  is  quite  certain  that  within  the  organism  one  form  of  energy  can  be  trans- 
formed into  another  form,  and  that  a  certain  amount  of  one  form  will  yield  a 
definite  amotmt  of  another  form  ;  further,  that  new  energy  never  arises  sponta- 
neously, nor  is  energy  already  present  ever  destroyed,  so  that  in  the  organism  the 
law  of  the  conservation  of  energy  is  continually  in  action. 


ANIMALS  AND  PLANTS. 

The  animal  body  contains  a  quantity  of  chemically-potential  energy  stored  up 
in  its  constituents.  The  total  amount  of  the  energy  present  in  the  human  body 
might  be  measured  by  burning  completely  an  entire  human  body  in  a  caloriinfter^ 
and  thereby  determining  how  many  heat  units  are  produced  when  it  is  reduced  to 
ashes  (see  Animai  H,at). 

The  chemical  compounds  containing  the  potential  energy  are  characterized  by 
the  complicated  relative  position  of  their  atoms,  by  a  comparatively  imperfect 
Mturation  of  the  affinities  of  their  atoms,  by  the  relatively  small  amount  of  oxy- 
gen which  they  contain,  by  their  great  tendency  to  decomposition,  and  the  facility 
with  which  they  undergo  decomposition. 

If  a  man  were  not  supplied  with  food  he  would  lose  50  grammes  of  his  body 
weight  every  hour  ;  the  material  part  of  hi.s  body,  which  contains  the  potential 
energy,  is  used  up,  oxygen  is  absorbed,  and  a  continual  process  of  combustion 
lakes  place  ;  by  the  process  of  combustion  simpler  substances  are  formed  from  the 
more  complex  comjiounds,  whereby  potential  is  converted  into  kinetic  energy. 
It  is  immaterial  whether  the  con^bustion  is  rapid  or  slow;  the  same  amount  of 
the  same  chemi(  al  substances  always  produces  the  same  amount  of  kinetic  energy, 
L  e.,  of  heat. 

A  person,  when  fasting,  experiences  after  a  certain  lime  the  disagreeable  feeling 
of  exhaustion  of  his  reserve  of  potential  energy,  hunger  sets  in,  and  he  takes 
food.  AU  food  fifT  the  animal  kin^<iom  is  obtained ^  either  directiy  or  imiireethy 
from  the  vegetable  kifigdom.  Even  carnivora,  which  eat  the  flesh  of  other  animals, 
only  eat  organized  matter  which  has  been  formed  from  vegetable  food.  The 
existence  of  the  animal  kingdom  prcsup|X)ses  the  existence  of  the  vegetable  king- 
dom. 

.All  stilistanccs,  therefore,  necessary  for  the  food  of  animals  occur  in  vegetables. 
Br^ides  water  and  the  inorganic  constituentSi  plants  contain,  among  other 
organit  compounds,  the  following  three  ehief  representatives  of  food  stuffs — fats, 
carbohydrates  and  proteids. 

All  these  contain  stores  of  potential  energy,  in  virtue  of  their  complex  chemical 
constitution. 

The  fats  conuin:-  |  iTV.'n^m" ^  =/'"^-  ''**^' I  (§  ^sO- 
I +C,Hj(OH)a  =  glycennc        j  v»    a  ' 
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The  proteids  contain  percent. 


•  C§§  248  And  249). 


The  carbohydrates  contain  : — CoH,nOi  .       (§  252), 

I  C.  5 '•5-54.5^ 

H.  6.9-  7.3 

N.  15.3-17.0 

O.  20.9-23.5 

yS,  0.3-  2.0 

A  man  who  takes  a  certain  amount  of  this  food  adds  thereto  oxygen  from  ihe 
air  in  the  proress  of  respiration.  Combustion  or  oxidation  then  takes  place, 
whereby  chemically  potential  energy  is  transformed  into  heat. 

It  is  evident  that  the  products  of  this  combustion  must  be  IxkIics  of  simpler 
constitution — bodies  with  less  complex  arrangement  of  their  atoms,  with  the 
greatest  possible  saturation  of  the  affinities  of  their  atoms,  of  greater  stability, 
partly  rich  in  O,  and  possessing  either  no  potential  energy,  or  only  very  little. 
These  bodies  are  carbon  dioxide,  Ci).;  water,  H,0;  and  as  the  chief  repre- 
sentative of  the  nitrogenous  ex*  reia,  urea  (COiNH,),),  which  has  still  a  small 
amount  of  ])otL'ntial  energy,  but  which  outside  the  body  readily  splits  into  CO, 
and  ammonia  (NHJ. 

The  human  body  is  an  organism  in  which,  by  iht-  phenomena  of  oxidation,  the 
complex  nutritive  materials  of  the  vegetable  kingdom,  which  are  highly  charged 
with  potential  energy,  are  transformed  into  simple  chemical  bodies,  whereby  the 
potential  energy  is  transformed  into  the  equivalent  amount  of  kinetic  energy  (heat, 
work,  electrical  phenomena). 

But  how  do  plants  form  these  complex  food  stuffs  so  rich  in  potential  energy? 
It  is  plain  that  the  potential  energy  of  plants  must  be  obtained  from  some  other 
form  of  energy.  This  potential  energy  is  supplied  to  plants  by  the  rays  of  the 
sun,  whose  chemical  light  rays  are  absorbed  by  plants.  Without  the  rays  of  the 
sun  there  could  be  no  plants.  Plants  absorb  from  the  air  and  the  soil  CO,,  H,0, 
NHa.  and  X.  of  which  carbon  dioxide,  water,  and  ammonia  (from  urea)  are  also 
produced  by  the  excreta  of  animals.  Piants  ahsorh  Ihe  kinetic  ener^'  of  lij^htfrom 
the  siiu's  rays  ami  transform  it  into  potential  energy,  which  is  accumulated  during 
the  growth  of  the  plant  in  its  tissues,  and  in  the  foodstuffs  produced  in  them 
during  their  growth.  This  formation  of  complex  chemical  compounds  is  accom- 
panied by  the  simultaneous  excretion  of  O. 

( ?ccisionaUy,  kinetic  energy,  such  as  we  universally  meet  with  in  animals,  is  liberated  in  plants. 
Many  nlnius  develup  cnnsidembic  quantities  of  heat  in  their  flowers,  t.  ^•.,  the  oruni  lril>t.  We 
Ritut  also  remember  thai  during  (lie  formation  of  the  solid  parts  of  plants,  when  fluid  juices  are 
changed  into  solid  masses,  heat  is  set  free.  In  plants,  under  certain  circumstances,  (>  is  absorbed, 
and  CO,  is  excreted,  hut  these  processes  are  so  Invial  as  compared  with  tlic  typical  condition  in  the 
vegetable  kingdom,  that  they  may  be  regarded  as  of  small  moment. 

Plants,  therefore,  are  organisms  which,  by  a  reduction  process,  traosfonn 
simple  stable  combinations  into  <:omitlex  compounds,  whereby  potential  solar 
energy  is  transformed  into  the  <  hemically-potential  energy  of  vegetable  tissues. 
Animals  are  living  beings,  which  by  oxi<iation  decompose  or  break  u[}  the  com- 
plex grouping  of  atoms  manufactured  by  plants,  whereby  potential  is  transformed 
into  kinetic  energy.  Thus  there  is  a  constant  circulation  of  matter  and  a  con- 
stant exchange  of  energy  between  plants  and  animals.  All  the  energy  of  animals 
is  derived  from  plants.  All  the  energy  of  plants  arises  from  the  sun.  Thus  the 
sun  is  the  cause,  the  original  source  of  all  energy  in  the  organism, /".  ^.,  of  the  whole 
ofbfe. 

.\s  the  formation  of  solar  heat  and  solar  light  is  explicable  by  the  gravitation 
of  masses,  gravity  \s^  perhaps,  the  original  form  of  energy  of  all  life. 

We  may  thus  represent  the  formation  of  kinetic  energy  in  the  animal  body  fh)ro 
the  potential  energy  of  plants.  I.-^t  us  suppose  the  atoms  of  the  substances 
formed  in  organisms,  as  simple  small   bodies,  balls,  or  blocks.     As   long  as  these 
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lie  in  a  single  layer,  or  in  a  few  layers,  upon  the  surface,  there  is  a  stable  arrange- 
ment, and  they  continue  to  remain  at  rest.  If,  however,  an  artificial  lower  be 
built  of  these  blocks,  so  that  an  unstable  erection  is  produced,  and  the  same  tower 
be  afterwards  knocked  down,  then  for  this  purpose  we  require — (ij  the  motor 
power  of  the  workman  who  lifts  and  carries  the  blocks;  (a)  a  blow  or  other 
impulse  from  without  appbed  to  the  unstable  structure — when  the  atoms  will  fall 
together,  and  as  they  fall  collide  with  each  other  and  produce  heat.  Thus  the 
energy  employed  by  the  workman  is  again  transformed  into  the  last-named  form 
of  energy. 

In  plants,  the  complex  unstable  building  of  the  grou|)s  of  atoms  is  carried  on, 
the  constructor  being  the  sun.  In  animals,  which  eat  plants,  the  complex  groups 
of  the  atoms  are  tumbled  down,  with  the  liberation  of  kinetic  energy. 


VITAL  ENERGY  AND  LIFE. 

The  forces  which  act  in  organisms,  in  plants,  and  animals  are  exactly  the  same 
as  are  recognizable  as  acting  in  dead  matter.  A  so-called  "vital  force/'  as  a 
special  force  of  a  fieculiar  kind,  causing  and  governing  the  vital  phenomena  of 
living  beings,  does  not  exist.  The  forces  of  all  matter,  of  organized  as  well  as 
unorganized,  exist  in  connection  with  their  smallest  particles  or  atoms.  As,  how- 
ever, the  smallest  particles  of  organized  matter  are,  for  the  most  part,  arranged  in 
a  very  complicated  way,  compared  with  the  much  simpler  composition  of  inor- 
ganic Ixnlies,  so  the  forces  of  the  organism  connected  with  the  smallest  particles 
yield  more  t-omplicated  phenomena  and  combinations,  whereby  it  is  excessively 
diffirull  to  ascribe  the  vital  phenomena  in  organisms  to  the  simple  fimdamental 
laws  of  physics  nnd  chemi'^Iry. 

The  Exchange  of  Material,  or  Metabolism  ( '*  Stofftvfchsel^'  \  as  a  Sign 
0/  Liff. — Nevertheless,  there  apixars  to  be  a  special  exchange  of  matter  and 
energy  ]>eculiar  to  living  beings.  This  consists  in  the  capacity  of  organisms  to  as- 
similate the  matter  of  their  surroundings,  and  to  work  it  up  into  their  own  consti- 
tution, so  that  it  forms  for  a  time  an  integral  part  of  the  living  being,  to  be  given 
off  again.  The  whole  scries  of  phenomena  is  called  Metabolism  or  StofTwech- 
sel,  which  consists  in  the  introduction,  assimilation,  integration,  and  excretion  of 
matter. 

Wchave  already  shown  that  the  metabolism  of  plants  and  that  of  animals  are 
quite  different.  The  processes,  as  already  described,  actually  occur  in  the  typical 
higher  plants  and  animals. 

But  there  is  a  large  group  of  organisms  which,  throughout  their  entire  organiza- 
tion, exhibit  so  low  a  degree  of  develo|)menl,  that  by  some  observers  they  are 
considered  as  undifferentiated  "  ground  forms."  They  arc  regarded  as  neither 
plants  nor  animals,  and  are  the  must  snnple  forms  of  animated  matter.  Ha^ckel 
has  called  these  organisms  Protistse.  as  being  the  original  and  primitive  forms. 

We  must  assume  that,  corresponding  with  their  simpler  vital  conditions,  their 
metabolism  is  also  simpler,  but  on  this  point  wc  still  require  further  observations. 
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PHYSIOLOGY  OF  THE  BLOOD. 


[The  blood  is  aptly  described  by  Claude  Bernard  as  an  internal  mrdinm  which 
acts  as  a  *'  go-between  "  or  tnedium  of  exchange  for  the  outer  world  and  the 
tissues.  Into  it  arc  poured  those  substances  which  have  been  subjected  to  the 
action  of  the  digestive  Huids,  and  in  the  lungs  or  other  respiratory  organs  it 
receives  oxygen.  It  thus  contains  nrw  substances,  but  in  its  passage  through  the 
tissues  it  gives  up  some  of  these  new  substances,  and  receives  in  exchange  certain 
effete  or  waste  products  and  more  or  less  useless  substances  which  have  to  be 
got  rid  of.  Us  composilion  is  thus  highly  complex,  containing,  as  it  does,  thin^ 
both  new  and  old.  Besides  carrying  the  new  nutrient  fluids  to  the  tissues,  it  is 
also  the  great  oxygen  carrier,  as  well  as  the  medium  by  which  |«irt  of  the  waste 
pri  ducts,  r.g.^  CO„  urea,  are  removed /row  the  tissues  and  brought  to  the  organs, 
f.g.j  the  lungs,  kidneys,  skin,  which  ebminate  them  from  the  body.  It  is  at  once 
a  great  pabulum-supplying  medium  and  a  channel  for  getting  rid  of  useless  mate- 
rials. As  the  comi>osilion  of  the  organs  through  which  the  blood  flows  varies,  it 
is  evident  that  its  composition  must  vary  in  different  parts  of  the  circulatory 
system;  and  it  also  varies  in  the  same  individual  under  different  conditions. 
Still,  with  slight  variations,  there  are  certain  general  ph)'sical,  histological  and 
chemical  properties  which  characterize  blood  as  a  whoU.^ 

I.   PHYSICAL  PROPERTIES  OF  THE   BLOOD.— (i)  Color.— 

The  color  of  blood  varies  from  a  bright  scarlet  red  in  the  arteries  to  a  deep,  dark, 
bluish-red  in  the  veins.  Oxygen  (and,  therefore,  the  air)  makes  the  blood  bright 
red ;  want  of  oxygen  makes  it  dark.  Blood  free  from  oxygen  (and  also  venous 
blood)  is  dichfoic — /.  €,,  by  reflected  light  it  appears  dark  red,  while  by  transmitted 
light  it  is  green  (IJriicke),     [Arterial  blood  is  monochroic] 

In  thin  layers  blood  is  opaque^  as  is  easily  shown  by  shaking  blood  so  as  to 
form  bubbles,  or  by  allowing  blood  to  fall  upon  a  plale  with  a  pattern  on  it,  and 
pouring  it  off  again.  Blood  behaves,  therefore,  like  an  "opaque  color"  {RolUtt)y 
as  its  coloring  matter  is  susi>ended  in  the  form  of  fine  particles— the  blood  cor- 
imscles. 

Hence,  it  is  po»ib1e  to  separate  ihe  coloring  maUer  from  the  fluid  part  of  ihe  hloof)  by  Bltraiion. 
Thia  13.  acconipli<ihed  by  mixing  Ihe  bltK-xl  with  BuidK  which  render  tlie  blood  coqitiKcles  ttticky  or 
roufih.  If  mammalian  blood  be  trcatc<)  with  ODC-Kventh  of  its  volume  of  solution  of  sodic  sulphate 
(Figuiff),  or  if  frngs'  blood  he  mixe<i  with  a  3  per  cent,  solution  of  sugar  {Joh.  A/iUler)  and 
6Uered,  llie  slmvekil  corpuscles,  now  robbed  of  part  of  their  water,  remain  u[»n  the  filler. 

(»)  Reaction. — The  reaction  is  alkaline,  owing  to  the  presence  of  disodic 
phosphate,  Na„H,PO,  (Ma/y)  [and  bicarbonate  of  soda].  After  blood  is  shed, 
its  alkalinity  rapidly  diminishes,  and  this  occurs  more  rapidly  the  greater  the 
alkalinity  of  the  blood.  This  is  due  to  the  formation  of  an  acid,  in  which,  perhaps, 
the  colored  corpuscles  take  i)art,  owing  to  the  decomposition  of  their  coloring 
matter.  A  high  temperature  and  the  addition  of  an  alkkli  favor  the  formation  of 
the  acid  {N.  Zuntz). 

The  alkaline  reaction  of  blood  is  dimiaished :  fa)  by  great  mascular  exertion,  owing  to  the 
fonnalion  of  «  large  amount  of  acid  in  the  muscln;:  (/ll  during  coagulation ;  (r)  in  old  blood,  or 
blood  dissolved  by  water  from  old  blooc)  stains,  such  blood  ttcing  usually  acid ;  fresh  cruor  has  a 
ilynni^r  alkaline  reaction  than  serum ;  Ui )  after  the  prolonged  use  of  soda  the  alkalinity  ia  in- 
creased {Dn^fiir),  after  the  use  of  acids  it  is  decreased. 
2  17 
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Pathological.— The  alkalinity  is  less  in  persons  sufTeiini;  from  nnEcmia,  cacliccitc  conUEliom, 
and  chronic  rheumamm  {Lipine)„  and  also  in  cholera,  [[mmediately  before  death  by  cholera  it 
may  l>e  acid  (Cantaai).^ 

Methods. — Owing  to  the  color  of  the  blood  we  cannot  employ  ordinary  litmus  paper  to  (est  hs 
reaction.  One  or  <»thcr  of  the  followinE  methods  may  be  used  :  ( i)  Motnten  a  Mrip  of  glared  red 
litmus  paper  wiili  siiluiion  nf  common  saU,  ami  dip  it  quickly  into  the  bl<  od,  or  alluw  a  drop  of 
blood  to  r.ill  on  the  paprr,  and  rapidly  wipe  it  ofT  befoie  its  coloring  matti;r  ha>t  time  to  penetrate 
and  linge  the  paper  (Znnfz).  (2)  KUhne  mnde  a  small  cup  of  parchment  paper,  which  was  placed 
in  water  in  a  watch  ^^i.isa.  The  colorless  din'uKate  was  afterward  tested  with  Jitnma  paper.  (31 
Licbreich  used  thin  plalcs  of  ploster-of- Paris  of  a  perfectly  neutral  reaction.  These  are  ilried,  and 
afterward  moislened  wiih  a  ncntraf  solution  of  litmus.  When  a  drop  of  btootl  is  placed  upofl  the 
poToui  pTaie,  the  fluid  part  nf  the  blood  panes  into  it,  while  the  corpnscles  remain  al  the  surface. 
The  corpuscles  are  washed  off  with  water,  aad  the  altered  color  of  the  Ittmusstairied  slab  is  ap- 
parent. [(4)  Schafcr  use*  dry,  fainlly-reddened,  glazed  litmus  pajjer,  and  on  it  is  placed  a  drop  of 
blood,  which  is  wiped  off  after  a  few  seconds.  The  place  where  the  blood  rested  is  indicated  by  a 
well  defined  blue  patch  upon  a  red  or  violet  ground.] 

(3)  Odor. — Blood  emits  a  peculiar  odor  {//a/i/its  sanguinis),  which  differs  in 
animals  and  man. 

It  depends  upon  the  presence  of  volatile  fatty  acids  {Alaiteucci).  If  concentrated  sulphuric  acid 
be  added  to  blood,  whereby  the  volatile  fatly  acids  are  set  free  from  their  combinations  with  alka- 
lies, the  characteristic  odor  becomes  much  more  perceptible  {Barruel).  [The  odor  is  somewhat 
similar  to  that  of  butyric  acid.] 

(4)  Taste. — Blood  has  a  saline  taste,  depending  upon  the  salts  dissolved  in  the 
fluid  of  the  Mood. 

(5)  Specific  Gravity. — The  specific  gravity  is  1055  (extreme  limits  1045- 
1075)  ;  in  women  and  young  persons  it  is  somewhat  les.s.  The  specific  gravity  of 
the  blood  corpuscles  is  1105,  that  of  the  plasma  1027.  Hence,  the  corpuscles 
tend  to  sink. 

The  specific  Rraviiy  of  the  red  blood  corpuscle*  is  estimated  by  allowing  the  corpuscles  to  subside 
10  the  bottom  (which  occurs  most  readily  in  the  blood  of  the  horse) ;  but  it  is  more  correctly  esti- 
mated by  placing  the  blond  in  a  tall  cylindrical  vessel,  and  setting  the  latter  in  the  radius  of  the 
revolving  disk  of  a  centrifiiea)  apparatus,  the  Inse  of  the  cylinder  bein^  directed  outward.  The 
drinking  of  water  and  hunger  diminish  the  specilic  gravity  temporarily,  while  thirst  and  the  digestion 
of  dry  food  raise  it.  If  blood  be  passed  through  an  organ  artificially,  its  iipecific  gravity  rises  in 
consequence  of  the  absorption  of  dissolved  matters  and  the  giving  off  of  water.  It  falls  after  hem- 
orrhage, and  is  less  in  badly-nourished  individuals. 

(6)  [Temperature. — Blood  is  viscid,  and  its  temperature  varies  from  36.5*  C. 
(97.7°  F.)  to  37.8°  C.  (100°  F. ).  The  warmest  blood  in  the  body  is  that  of  the 
hepatic  vein,  while  that  of  the  right  ventricle  is  warmer  than  that  of  the  left  side 
of  the  heart,  §  210.] 

a.  MICROSCOPIC  EXAMINATION  OF  THE  BLOOD.— [Blood, 

when  examined  by  the  microscope,  is  seen  to  consist  of  an  enormous  number  of 
corpuscles — colored  and  colorless — Doating  in  a  transparent  fluid,  the  plasma, 
or  itquor  sanguinis.'^ 

The  RED  blood  corpuscles  were  discovered  in  frogs*  blood  by  Swammerdam  in 
1658,  and  in  human  blood  by  I.eeuwenhoek  in  1673. 

Characters  of  Human  Blood — {a)  Form. — The  human  red  blood  cor- 
puscles are  circular,  coin-shaped,  homogeneous  disks,  with  saucer-like  depressions 
on  both  surfaces,  and  with  rounded  margins  ;  in  other  words,  ihey  are  bi-concave, 
circular,  non-nucleated  disks. 

(7^)  Size. — ^According  to  Welcker  the  diameter  {ab)  is  7.7  /i,*  the  greatest 
thickness  Kcd)  1.9  m  (Fig.  1,  C)  [/'.  e.y  it  is  xi^x  ^o  sAo  ^^  *"  '\^z\\  id  diameter, 
and  about  one-fourth  of  that  in  thickness]. 

The  corpuscles  are  slightly  {iimmished  in  size  by  septic  fever,  inanition,  sftcr  the  subcutaneous 
injection  of  morphia,  increased  bodily  icinperaiUTc.  and  CO, ;  while  ihey  are  incrtasej  by  O,  wa* 
tery  condition  of  the  blood,  cold,  consumption  of  alcohol,  rjuininc,  hydrocyanic  acid  and  acute 
anaemia  {i\fanasiein).     Gjmpare  j  113. 

*  The  Gmk  leiur  /i  repfe*enu  OD«-lliousaadth  of  s  milllm«lre  (/t  =■  0.001  mm.\  and  b  lh«  tlgn  oT  a  mtict^-mitti- 
Huirf,  or  »  micron. 
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ir  the  total  amount  of  blood  in  a  man  he  taken  at  4400  cubic  cenllmetre&.  the  corpuscles  therein 
Contained  have  a  surCacc  of  3816  square  metres,  which  is  ei|ual  to  a  ^luare  surface  with  a  lide  of  80 
paces;  176  cubic  centimetres  of  bIo?d  pass  through  the  lungs  in  a  Mxond,  and  the  blood  corpuulcs 
in  this  amount  of  blood  have  a  superficies  of  8t  square  metres,  equal  to  a  square  surface  with  a  side 
of  13  paces  ( ti'ehktr). 

(O  Weight, — The  weight  of  a  blood  corpuscle,  according  to  Welckcr,  is 
0.00008  milli^'rammcs. 

((/)  Number. — According  to  Vierordt,  the  number  exceeds  5,000,000  per 
cubic  inillimelre  in  the  male,  and  4,500,000  in  the  female;  so  that  in  10  lbs.  of 
blood  there  are  25  billions  of  corpuscles.  As  a  general  rule,  the  number  is  in 
inverse  ratio  to  the  amount  of  plasma  ;  hence,  the  number  must  vary  with  the 
Slate  of  contraction  of  the  blood  vessels,  the  pressure-diffusion  currents  and  other 
conditions. 

The  number  of  red  corpuscles  is  increased ;  in  veiioui  blood  (especially  in  the  small  cutaneous 
veins),  after  the  u-ie  of  .lolid  fund.  After  much  sweating,  and  the  excretion  of  water  by  the  lx>wel 
and  kidney ;  during  inanition.  becaUM:  the  blood  plasma  under^^oes  decomposition  souner  than  the 
blood  coq3Uscles  themselves  [BHntim);  in  the  blood  of  the  uewlyborn  child  {Pttnum  and  S3- 
rrtu/m),  especially  when  the  umbilical  cord  is  long  in  being  ilcd{}40);  [from  the  fourth  dayonward 
the  number  U  diminLihed  ( //a^i-m)].  in  pcTsons  of  ixtbust  coostiiution,  and  in  those  who  Uvc  in  the 

Flc,  I. 


A.  MwrnHn  nilwT^  blonft  cnrpt"fW — t,  »ccn  mi  ihe  flat  :  t,  on  edstr :  3,  roukaii  of  colorrH  conrtHcIc*  flichllr  »epa- 
r*inl.  R.cnktrcd  amphibian  lili>od  corpu^clct— 1,  tccii  on  ihe  War,  And  1.  'm  «d|{r  C,  itieal  Iransvrnc  secuon 
uf  *  human  cvlurcd  blood  curvutcic  rnaKiii&od  5000  ttnio  lliiuir — m  (•,  diameter :  c  J,  ihicknas, 

country.  The  number  is  diminished,  during  pregnancy,  after  copious  draughts  of  water.  In  the 
earlier  peno'l  of  fcetal  life  the  number  i^  only  J-l  million  in  i  c.  c.  {CokHketrnt  ZMti/t). 
(The  patholngical  condilion*  which  affect  the  number  of  corpuscles  arc  given  at  {  10.) 
Methods  of  Bstitnating  the  Number  of  Blood  Corpuscles. — I'he  pointed  end  of  a  glass 
pjpdte  ( Kig.  3),  the  mixer,  is.  dipped  into  the  blood,  and  by  suckinc  the  elastic  tubcy",  blood  is 
drvwn  into  the  lu)>c  until  it  reaches  the  mark  \,  on  the  stem  of  the  pipette,  or  until  the  mark  t  is 
reached.  The  carciully-clcancd  point  of  the  pipette  is  dipped  into  the  artijiiiu' serun$,  and  this  is 
aucked  into  the  ppeiie  until  it  rciches  the  mark,  loi.  The  artiHcial  serum  consists  of  i  vol.  of 
•olation  of  gum  arable  (sp.  gr.  1020)  and  3  vols,  of  a  solution  of  equal  pans  of  sodic  sulphate  and 
sodic  chloride  (sp.  gr.  1020).  The  process  of  mixing  the  two  fluids  is  aided  by  the  presence  of  a 
little  glass  b.ill  ((r)  in  the  bulb  of  the  {lipette.  If  blood  is  tucked  up  to  the  mark  },  the  strength  uf 
the  mixture  is  i  :  xoo;  if  to  the  mark  i,  it  is  i  :  too.  A  small  drop  of  the  mixture  is  allowed  to 
run  Into  the  fountin^  chamber  of  Abb*  and  Zeiss  ( Fig.  2 )  (ihc  first  portions  are  not  used,  in  order  lo 
obtain  a  uniform  Siinipic  from  the  bulb  of  the  pipette).  Tliis  cliamber  consists  of  a  glavs  re<:c|jtac1c 
o.t  mm.  deep,  with  iis  base  divided  into  squares,  and  cemenicil  to  a  microscopic  slide,  the  whole 
being  cavered  wiih  a  microscopic  covering  glass.  The  space  over  each  square  =:  j^^fl  cubic  milli- 
metre. Count,  with  the  aid  of  a  microscope,  the  nuni)>er  of  blood  corpuscles  in  eaai  s«|uare,  and 
the  number  found,  multiplied  by  4000,  will  give  the  number  of  blood  corpuscles  in  I  c.mm.  This 
number,  again,  muit  be  multiplied  by  loo  or  200,  according  as  the  blood  was  diluted  too  or  3O0 
times.  To  ensure  greater  accuracy,  it  is  well  to  count  the  number  in  several  squares,  and  to  take 
the  mean  of  these.     [The  method  of  Afatauei  was  described  in  the  lost  edition  of  this  work.] 
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[The  fnllowing  is  a  description  of  Cowers'  (nKrumeiU  (Fig.  4):  "The  Hemacytometer 
cnnsUt-'t  of — (i)  a  small  pi^ellt:,  whicb,  when  filled  tu  the  mark  on  its  stem,  holt)»  exactly  995 
cubic  millimetres.  It  is  furnished  with  an  Indta-mbber  tube  and  mouthpiece  tu  fadliiate  filtinjj 
and  emptying.  (3)  A  capillary  tube  marked  to  coniain  exactly  3  cubic  millimetres,  with  India- 
nibhcr  tube  for  hlling,  etc.  (J)  A  small  glass  jar  in  which  the  dilution  is  made.  (4)  A  glass 
stirrer  for  mixini^  the  blood  and  sulutiun  in  the  glass  jar.  (5)  A  brass  stage  plate,  carrying  a  glass 
slip,  on  which  is  a  celt,  J  of  a  millimetre  deep.  The  boliom  of  this  is  aivided  into  X  millimetre 
ftfinarcs.  Upon  the  top  of  the  cell  rests  the  cover  glass,  which  is  kept  in  its  phce  by  the  pressure 
of  two  springs  proceeding  from  the  ends  uf  the  stage  plate." 

The  diluting  solution  used  is  a  solution  of  sodic  sulphate  in  dislilled  water,  sp.  gr.  1025,  or  the 
foUowing — Mxlic  liulphatc,  104  grains;  acetic  acid,  I  drachm;  distilled  water,  4  oz. 

"995  cubic  millimetres  of  the  solution  are  placed  in  the  mixing  jar;  5  cubic  millimetres  of 
blood  are  drawn  into  the  capillary  tube  from  a  puncture  in  the  linger,  and  then  blown  into  the 
solution.  The  two  fluids  are  well  mixed  by  rotating  the  stirrer  between  the  thumb  and  finger, 
and  a  small  drop  of  this  dilution  is  placed  in  the  centre  of  the  cell,  the  covering  gloss  gently  put 
upon  the  cell,  and  secured  by  the  two  springs,  and  the  plate  placed  upon  the  stage  of  the 
niicroscupe.  The  lens  is  then  focused  for  the  squares.  In  a  few  minutes  i be  corpuscles  have 
sunk  to  the  Ixiftom  of  the  celt,  and  are  seen  at  rest  on  the  sijuares.  The  number  in  ten  squares  is 
then  counted,  and  this,  multiplied  by  to,ooo,  givci  the  number  in  a  cubic  millimetre  of  blood." 

To  estimate  the  colorless  corpuscles  only,  mix  the  blood  with  10  parts  of  0.5  per  cent,  solution 
of  acetic  acid,  which  destroys  all  the  red  coqiuscles  (  7'Aoma).'\ 

(^)  Red  blood  corpuscles  are  characterized  by  their  great  elasticity,  flexi- 
bility and  softness.  [The  elastic  property  is  shown  by  the  great  extent  to 
which  red  corpuscles  still  witltin  the  circulation  may  be  distorted,  and  yet  resume 
their  original  ioriii  as  soon  as  the  pressure  is  reinoved.] 

3.  HISTOLOGY  OF  THE  HUMAN  RED  BLOOD  CORPUS- 
CLES.— When  observed  singly,  blood  coqjusclcs  have  a  yellow  color  with  a 
sbght  tinge  of  green  ;  they  seem  to  be  devoid  of  an  envelope,  arc  certainly  non- 
nucleated,  and  appear  to  be  homogeneous  throughout.  Each  corpuscle  consists  (i) 
of  a  framework^  an  exceedingly  |>ale,  transparent,  soft  protoplasm — the  stroma 
{RolUtf) ;  and  (2)  of  the  red  pigment,  or  hemoglobin,  which  impregnates  the 
stroma,  much  as  fluid  pa.sses  into  and  is  retained  in  the  interstices  of  a  bath-sponge. 
Some  observers  (Boflck^r.  Eb^rhardt^  Strieker)  maintain  that  the  corpuscles  contain 
a  nucleus,  but  this  is  certainly  a  mistake. 

4.  EFFECTS  OF  REAGENTS.— (A)  On  the  Vital  Phenomena. 
Blood  corpustles  contained  in  shed  blood — or  even  in  dclibrinated  blood,  when  it 
is  reintroduced  into  the  circulation — retain  their  vitality  and  functions  undimin- 
ished. Heat  acts  powerfully  on  their  vualily,  for  if  blood  be  heated  to  52°  C. 
the  vitality  of  the  red  corpuscles  is  extinguished.  Mammalian  blood  may  be  kept 
for  four  or  five  days  in  a  vessel  under  iced  water,  and  still  retain  its  functions ;  but 
if  it  be  kept  longer,  and  reintroduced  into  the  circulation,  the  corpus*  les  rapidly 
break  up — a  proof  that  they  have  lost  their  vitality  {Lamiois).  Crenation. — 
blood  freshly  shed  from  an  artery  frequently  shows  a  transformal  on  of  the  corpus- 
cles into  a  i^culiar  mulberry  shajx.*.  [This  is  the  so-called  crenation  of  the  colored 
corpuscles.  It  is  produced  by  poisoning  with  Calabar  Ijean  (7*.  R.  Fraser)^  and 
also  by  the  addition  of  a  3  per  cent,  solution  of  common  salt.]  The  blood  of 
many  persons  crenales  spunlaneotisly — -a  condition  ascribed  to  an  active  contrac- 
tion ol  the  stroma  \^K/As),  but  it  is  doubtful  if  this  is  the  cause.  Max  Schiiltze 
observed  that  the  red  corpuscles  of  the  embryo  chirk  undergo  active  contraction. 

(B;  On  the  External  Characters.— Many  agents  affect  the  externa!  char- 
acters of  the  corpuscles. 

{a)  The  Color  is  changed  by  many  gases.  O  makes  blood  scarlet,  want  of  O 
renders  it  dark  bluish-red,  CO  makes  it  cherry-red,  NO  violet-red.  There  is  no 
difference  between  the  shape  of  corpuscles  in  arterial  and  venous  blood,  as  was 
supposed  by  Harless.  All  reagents  {r. /.,  a  concentrated  solution  of  sodic  sul- 
phate) which  cause  great  shrinking  of  the  colored  corpuscles  produce  a  very 
bright  scarlet  or  brick-red  color  {^I^arthoiinus,  j66i).  The  red  color  so  produced 
is  4uite  different  from  the  scarlet-red  of  arterial  blood.     Reagents  which  render 
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blood  corpuscles  globular  darken  the  blood,  e.g.,  water.  [The  contrast  is  very 
striking,  if  we  compare  blood  to  which  a  lo  per  cent,  solution  of  common  salt 
has  been  added  with  blood  to  which  water  has  l>een  added.  With  reflected  light 
the  one  is  bright  red,  and  the  other  a  very  dark,  deep  crimson,  almost  black.] 

(i>)  Change  of  Position  and  Form. — A  very  common  phenomenon  in 
shed  blood  is  the  tendency  o(  the  corpuscles  to  nm  into  rouleaux  (Fig.  i,  A,  3). 

Cx>nditinn»  Ihai  increase  the  coagulability  of  the  blood  favor  this  phenomenon,  which  is  ascrilKil 
liy  l>ngiel  to  the  attraction  uf  the  di&ks  and  the  formation  of  a  Kticky  substance.  [The  cause  of  the 
ajTangement  of  the  red  corpuscles  into  rouleaux  is  by  no  means  clear.  They  may  be  delmched 
from  each  other  by  gently  touching  the  cover  glass,  but  the  rouleaux  may  reform.  Liitcr  suggested 
that  (he  surfaces  of  the  ootputcle*  were  no  altered  that  ll  ey  t>ecame  adhesive,  and  thus  cohered. 
Norris  has  made  some  ingenious  experiments  with  corks  weighted  with  lacks  or  pins,  so  as  to  pro- 
duce partial  submersion  of  the  cork  disks.  These  disks  rapidly  cohere,  owing  lo  capitlariiy,  and 
form  rouleaux.  If  the  disks  t>c  completely  submerged  they  remain  apart,  as  occurs  with  unaltered 
blood  corpuscles  within  the  blood  vessels.  If,  however,  tlic  cuipustlcs  he  (lipjied  in  petroleum^  and 
(hen  placed  in  water,  rouleaux  are  formed.]  If  reai;en^s  which  cause  the  corpuscles  to  swell  up  be 
added  lo  the  bluod,  the  corpuscles  ticcome  globular  and  the  rouleaux  break.  According  lo  £. 
Weber  and  Suchard,  the  uniting  medium  is  ttot  fibrin  (aUhougb  it  may  sometimes  assume  a  fibrous 
form),  but  belongs  to  the  peripheral  layer  of  the  corpuscles. 

(f)  The  Changes  of  Form  which,  after  blood  is  shed,  the  red  corpuscles 
undei^o  until  they  arc  gradually  dissolved,  arc  important.  Some  reageants  rapidly 
produce  this  scries  of  events,  e  g.^  the  discharge  of  a  Lcydcn  jar  causes  the 

Fig.  5. 
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Red  blood  cnrpuicWt,  showins  various  chanm  vS  nImiw  <i,  H,  mmAl  human  red  corpiueles,  viih  (be  ceotral  dc- 
prwiion  mtire  arlc^^  in  lociu  ;  r,  4^,  r,  muTlicrn'  fi'mu  ;  g,^,  crrtiaird  L^irptnclem-  k,  pale  (lccoti)riivd  Curputclc*; 
/,  &Ut>tn« ;  /,  a  frog's  blood  corpUMile,  partly  liirivelcd,  owing  tu  the  acliun  of  a  strong  suliac  tululion. 

corpuscles  to  crenate,  so  that  their  surfaces  arc  beset  with  large  or  small  projec- 
tions (Fig.  5 ,  f ,  i/,  tf  Xt  ^)  I  i*  also  causes  the  corpuscles  to  assume  a  spherical  form 
(/',  /),  when  they  are  smaller  than  normal.  The  corpuscles  so  altered  are  sticky^ 
and  run  together  like  drops  of  oil,  fori«ing  larger  spheres.  The  prolonged  action 
of  the  electrical  spark  causes  the  hjemoglobin  to  separate  from  the  stroma  (/&), 
whereby  the  fluid  part  of  the  blood  is  reddened,  while  the  stroma  is  recognizable 
only  as  a  faint  shadow  {{).  Similar  forms  are  to  be  found  in  decomposing  blood, 
as  well  as  after  the  action  of  many  other  reagents. 

Action  of  Heat. — When  blood  is  heated,  on  a  warm  stage,  to  52**  C.  the 
corpuscles  liegin  to  undergo  remarkable  changes.  Some  of  them  become  spherical, 
others  biscuit-shaped  ;  some  are  perforated,  while  in  others  small  portions  become 
detached  and  swim  about  in  the  surrounding  fluid,  a  proof  that  heat  destroys  the 
histological  individuality  of  the  coqjuscles  i^Max  Schultze).  If  the  heat  be  con- 
tinued, the  corpuscles  are  ultimately  dissolved  v§  10,  3). 

Heat  acts  like  the  addition  of  a  concentrated  solution  of  urea  to  blood.     If  strong  pressure  bttj 
exerted  upon  a  microscopic  preparation,  the  blood  corpuscles  arc  compressed,  and   may  break  ii 
pieces.     This  tatter  process  of  breaking  up  the  corpuscles  is  called  hsemocytotrypaiB,  in  distinc- 
tion to  tlioi  of  soluti'in  of  the  coqni»*ctc^  01  haemocytolysiB. 

Cytozoon  or  Wiirmchcn — Uaule'a  Experiment. — The  following  remarkable  ofa«ervatiofi 
made  by  Gaule  deserves  mention  here :   A  few  drops  of  freshly-shed  frog's  blood  are  mixed  with 
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5  C.C.  of  0.6  per  ccm.  solution  of  common  sail,  and  ihe  mixture  clefibrinalcd  by  shaking  Jt  along 
vrith  a  few  c.c.  uf  mercury,  A  drop  of  the  dcfibrinaled  blood  is  examined  on  a  hot  ilnge  (30-33° 
C.)  under  a  microscope,  when  a  prrHopIasmic  mass,  ihe  so-callwl  "  ivBrmckfn"  escapcA,  with  a 
lively  inovcroeni,  from  many  corpuhclcs,  and  ultimately  dissolves.  Similar  "cytozoa"  were  dis- 
covered tiy  Oaulc  in  the  epithelium  of  (he  cornea,  of  the  stomach  and  inleiitine,  in  connective  tissue, 
in  most  of  the  large  glands  ^"d  in  the  retina  (frog,  triton  |.  In  mammals  also  he  fuiind  similar  hut 
smaller  structures.  Most  probably  thei^e  stniaurcs  are  pantsitic  in  their  nature,  as  suggested  by 
Ray  Lankestcr,  who  called  the  parasite  Dre^inidium  mntirutn. 

If  a  finger  muisteneti  with  blood  be  rapidly  drawn  across  a  warm  slip  of  glass, 
so  that  the  fluid  dries  rapidly,  very  remarkable  corpuscle  shapes,  showing  their 
great  ductility  and  softness,  are  observed  under  the  microscope. 

(For  the  effects  of  chemical  reagents  see  p.  24.) 

[Staining  Reagents. — Such  reagents  as  magenta,  ])icrocarmine,  carmine, 
and  many  ol  iht*;inilinc  dyes,  slain  the  nuclfus  deep  red  when  such  is  present,  and 
although  they  must  traverse  the  hEemoglobin  to  reach  the  nucleus,  the  hcemoglobiii 
itself  is  not  stained.  When  no  nucleus  is  present,  therefore,  the  corpuscles  are 
not  stained.  Magenta  (as  pointed  out  by  Roberts)  causes  one  or  more  small  spots 
or  macula;  to  appear  on  the  edge  of  the  corpuscles.  What  its  significance  is,  is 
entirely  unknown.  Normal  saline  solution  (6  percent.  NaCl),  tinged  with  methyl- 
violet,  is  a  good  staining  and  preservative  agent  {Btzzoifro)!] 

f  Effect  of  Agitation  with  Mercury. — MeUzer  and  Welch  tind  thai  if  ox  bluod  Iw  shaken  up 
with  mercury  for  7  ur  8  hours,  the  agitation  aiuses  the  corpuscles  coatpletcty  to  disappear,  no  trace 
of  stroma  or  panicles  of  ihc  corpuscles  being  found  in  the  Huid.  On  the  other  hand,  ihe  aiiditttin  of 
pyrogallicacid  (20  per  cent  ),poiassicchluralc  (6  per  cent.),  and  ulvcr  nitrate  (5  per  cent.),  completely 
prevents  this  dissolution  of  the  corpuscles,  even  though  the  shaking  t>e  kept  up  for  fourteen  d.iys.] 

If  hlood  t»e  mixed  with  conccniraled  gum,  and  if  concentrated  salt  solution  be  added  to  it  under 
the  microscope,  the  corpuscles  assume  elongated  furms  [LttuHi'urm).  Similar  forms  arc  otitained 
by  mixing  blood  with  an  equal  volume  of  gelatine  at  36°  C,  allowing  it  to  cool,  and  then  making 
•ectionx  of  the  coagulated  mass  [A'uiUtt).  The  corpuscles  may  be  broken  up  by  pressing  firmly  on 
the  cover  glass.      In  all  these  experiments  no  trace  uf  an  envelope  in  obxrrved. 

Cooservation  of  the  Red  Blood  Corpuscles. —  Ihc  blood  corpuiiclcs  ictain  their  choracterB 
in  the  following  fluids: — 


Pacini'i  Miximrt. 

llydrarg.  bichlor., 2 

.Sudic  chloride, 4 

Glycerine, 26 

Distilled  Water, izt 

To  be  diluted  with  3  parts  of  distilled  water 
before  being  used. 


Jfaytm'i  Fluid. 

Hydrarg.  bichlor., 0,5 

.Sodtc  !«ulphale, 5.0 

Sadtc  chloride, 1.0 

Distilled  water 300,0 


[An  excellent  reagent  for  *'  fixing  '*  the  blood  corpuscles  is  cither  a  dilute  solution  or  the  vapor 
of  osmic  acid.] 

In  inveHtigating  blood  with  the  microscope  for  forensic  purposes,  it  is  necessary  to  have  a 
■olveni  for  the  t>lood  when  it  occurs  as  stains  on  a  garment  or  instrument.  Oried  si.iins  arc  dis- 
solved by  a  amientratfd  (  Vircktnv)^  or  a  30  per  cent.  {Atalmin)  solution  of  caustic  pirtash,  or  with 
one  i»f  the  preserving  fluids,  care  being  taken  toavoid  friction.  If  the  stain  l»c  soflcMcd  wiili  con- 
centfated  tartaric  acid,  the  colorless  cor|:)Uscles  arc  specialty  dlitincl  {^StruMt).  Nevertheless,  cor- 
puscles arc  often  n^t  fuund  in  such  stains.  If  the  corpuscles  have  become  very  pale,  their  color 
may  be  improved  by  adding  a  suluiion  of  iodine  in  iodide  of  potassium,  a  saturated  solution  of 
picric  acid,  20|>cr  cent,  pyrug-illic  acid, or  3  percent,  solution  of  silver  nitmic  {Metttcr  and  ll'eUh). 

5.  PREPARATION  OF  THE  STROMA— MAKING  BLOOD 
"  LAKE-COLORED." — There  are  many  reagents  which  sc[iarate  Ihe  hiiemo- 
globtn  from  the  stroma.  The  haemoglobin  dissolves  in  the  serum  ;  the  blood  then 
beconk^  transparent,  as  it  contains  its  coloring  matter  m  soluliun,  and  hence  is 
called  "Lake-colored"  by  Kollett.  Kake-colored  blood  is  dark  red.  The 
aggregate  condiliou  of  the  haemoglobin  is  not  altered  when  the  corpuscles  are 
diseotved ;  it  only  changes  its  place,  leaving  the  stroma  and  p:tssing  into  (he 
serum.     Hence,  the  temperature  of  the  blood  is  not  lowered  thereby  {Lamhis). 

Methods. — To  ubt.-iin  a  large  quantity  of  the  stroma  for  chemical  purposes,  add  lo  vols,  of  a 
solution  of  common  salt  (1  vol.  concentrated  solution,  and  15  to  20  vols,  of  water)  lo  i  vol.  of 
dctibrinsted  blood,  when  the  stromait  are  thrown  down  db  s  whitish  precipitate. 
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For  micrwcopUai  purposes,  mix  blood  with  tin  equal  volume  of  a  concentrated  lolniion  of  S3<Uc 
Kulphate,  and  cautiuuily  add  a  i  per  cent,  solution  of  tartaric  acid  {LanJois). 

'llie  fulloM'ing  reagents  cause  n  separation  of  the  stroma  frum  the  lueinofjlulnn  :— 
(d)  Phy»fcal  AgentK.— [.  Heating  the  blood  to  60**  C.  (StAuf(2^)\  the  temperature,  however. 
varies  for  the  blocxl  of  different  animali.  2.  KepE-ated  freexing  and  thawing  of  the  bluod 
{Jia^/eff),  3.  Sparks  from  an  electrical  machine  (i-ui  nut  after  the  addition  of  salts  to  the  blood) 
(AW/c//);  the  constant  and  induced  currents  (AVwwdwwj. 
(h)  Chemically  active  Subatancca  produced  within  the  Body. — 4.  Bile  {H&ntfeld')^  or  bite 
salts  ( PiaHtter,  %•.  Dusch  |.  5.  Scrum  of  oilier  species  of  animals  (  Landois)  ;  thus  dog's  wrnim 
and  frog's  serum  di>5ntve  the  blood  corpuscles  of  the  rabbit  in  a  few  minutes.  6.  The  addition 
of  lake-colnred  t>]uud  uf  many  sjiccics  uf  animals  {LandoU). 
(f)  Other  Chemical  Reagents. — 7.  Water.  8.  Conduction  of  vapor  of  chloroform  \BM(k«r)\ 
ether  (t/.  Witti<h)\  amyls,  small  quantitiei  of  alcohol  \Roiiett) ;  thymol  \^.\Uirik,\nd\ ;  nitrobenzol, 
ethylic  ether,  acelon,  petroleum  ether,  etc.  {L.  I.rwin),  9.  Antimoniurettcd  hydrogen,  arscniu- 
lettcd  hydrogen;  carbon  iiisulphidc  {i/uutffldf  Ifermann)\  boracic  acid  (2  per  cent.),  added  to 
amphibian  blood,  causes  the  red  ma*s  (which  ako  encloses  the  nucleus  when  such  l!y  present), 
the  so-called  tooid,  to  separate  from  tlie  atoid.  The  2t>oia  may  shrink  from  the  periphery  of  the 
corpuscle,  or  it  may  even  pass  out  of  the  corpuscle  altogether  {^HrHrkew  Ilrilcke  regards  the 
stroma  in  a  certain  sense  as  a  house,  in  which  the  remainder  of  ihe  substance  of  the  corpuscle, 
the  chief  part  endowed  with  vital  phenomena,  lives.  II.  Strong  solutions  of  adds  dissolve  the 
orpuscles  ;  more  dilute  solutions  cause  precipitates  in  the  h.-rmoglobin.  [his  is  easily  seen  with 
carbolic  acid  (//C/j  and  Lanaois ;  Stirling  and  Hannie).  12.  Alkaliei  uf  moderate  strength 
cau>e  sudden  solution.  A  10  per  cent,  solution  of  potash,  plated  at  the  margiu  of  a  cover  gla&s, 
shows  the  proccs-i  of  solution  going  on  under  the  microscope.  Ai  brft  the  cnrjiuscles  become 
globular,  and  so  appear  smaller,  but  afterward  they  bur^t  like  soap  bubbles.  [XH^Cl  injected 
into  the  bloud  causrs  vacuolatiun  of  the  red  corpuscles  {^Bohj-itzky^.^ 
[Tannic  Acid. — A  freshly-prepared  sobiiinn  of  tannic  acid  has  a  remarkable  effect  on  the  colored 
blood  corjxiscles  of  man  and  animals — causing  a  separation  nf  the  b.-i;moglobin  an<l  the  siroma. 
The  usual  effect  is  to  produce  one  or  more  granular  buds  of  hn.'mo|;lot>in  on  the  side  of  the  cor- 
puscles; more  rarely  the  h.Tmoglobin  collects  around  the  nucleu.s,  if  such  be  present  (  W. 
lioberls):\ 
[Amrnoniuin  or  Potassium  Sulphocyanide  removes  the  htemoglobin,  and  reveals  a  reticular 
structure — intra  nutUnr  plexus  oi  hbriU  {S/irlin^  and  /iannif).'\ 

The  quanlily  0/  ^asfi  contained  in  the  blood  corpuscles  exercises  an  imjurtant  influence  on  their 
solubility.  Tlie  corpuscles  of  venous  blood,  which  contains  much  CO^,  arc  moie  easily  dissolved 
than  those  of  arterial  blood  ;  white  between  l»oih  stands  blood  containing  t'O  {Landon,  Lifierikit 
Ltpine).     When  the  gases  are  compleiely  removed  from  the  blood,  it  becomes  take-colored. 

Salts  increase  the  resistance  of  the  corpuscles  to  physical  means  of  solution, 
while  they  facilitate  the  action  of  chemical  solvents  (^Bernstein  and B€<ker). 

Resistance  to  Solvents. — ^  The  red  blood  corpuscles  offer  a  certain  degree 
of  resistance  to  the  action  of  solvents. 

Method. — Mix  a  small  drop  of  blood  with  an  e<^ual  volume  of  a  3  per  cent,  solution  of  sodic 
chlonde,  and  then  add  distilled  water  until  all  the  colored  Cor|.>usclcs  arc  di&solvetl.  Fill  the  mixer 
t  Kig.  3)  U|>  In  the  mark  i  with  blood  obtained  by  pricking  tlie  hnger,  and  blow  this  blood  into  an 
equal  volume  of  a  3  per  cent,  solution  of  NaCl  previously  placed  in  a  hollow  in  a  raicmscopic  glass 
slide.  Mix  the  HuuU,  and  the  corpuscles  will  remain  undissolved.  Ity  means  of  the  pipette  add 
distilled  water,  and  go  on  doing  so  until  all  ihe  corpuscles  are  dissjWed  ;  which  is  ajtccriainerl 
with  the  microscope.  lu  normal  bluod,  solution  of  the  corpuscles  occurs  after  30  volumes  of  dis- 
tilled water  have  been  added  to  the  blood  ^Landoit). 

There  are  some  individuals  whose  blood  i<  more  soluble  than  that  of  others ;  their  corpuscles  are 
soft,  and  readily  undergo  changes.  Many  coaditions  again,  such  as  chol.Tmia.  poisoning  with  sub- 
stances which  dissolve  the  corpuscles,  and  a  markedly  venous  condition  of  ihe  blood,  affect  the 
corpuscles.  Interesting  observations  arc  to  be  made  un  the  bluod  in  infectious  diseases,  hemoglo- 
binuria, and  in  cases  of  burning.  In  anaemia  and  fever,  the  capacity  for  resistance  seems  to  be 
dimmishrd  (/VryvrJ.  [Sodic  salicyKite,  benzoaic  and  colchicin  dissolve  the  red  corpuscles  ( A' 
Palon).'\ 

6.  FORM  AND  SIZE  OF  THE  BLOOD  CORPUSCLES  OF 
DIFFERENT  ANIMALS.— All  mammals  (with  the  exception  of  the  camel, 
llama,  alpaca,  and  their  allies),  and  the  cyclostomata  among  fishes,  ^..5".,  Pctromy- 
zon,  possess  circular,  biconcave,  nonnucUaUd,  disk-shaped  corpuscles. 

Elliptical  corpuscles  without  a  nucleus  are  found  in  the  above-named  mammals, 
while  all  birds,  reptiles,  amphibians  (Fig.  i.  B,  i,  2),  and  fishes  (except  cyclosto- 
mata) have  nuclfaUU,  elliptical,  bi-convex  corpuscles. 
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Sue  (/I  =  o.ooi  MUliroetrc). 


Of  the  r>iik-tk»^ 
Corpuicla. 


Elepbaiit,  ....  94/* 

Man 7.7  " 

Dog 7-3  " 

Rafibii 6.9  " 

Cm.        6.5  " 

Sheep. 5.0  " 

Gooi 4'<   •* 

Mask  dc<r,     ...  2.5  ** 


Uf  Uie  ZiiiptUmi  Cvrpmcles. 


Short  Diameicr. 


Llama.    .   ,    .    ,    ,  4.0  /« 

Dove, 6.5  " 

Krog 157  •« 

Triion, 19.5  •• 

Prolcus 35  o  " 

The  corpuscles  of  Ampbiuma  are  nearly  one  ihinl  larger 
than  those  of  Proteus  (AVdVW). 


I^nc  Dismccer. 


Among  vertebrateB)  amphioxuB  hns  c<ilorlirs»  blood.  The  large  blood  ccirpuscles  of  many 
amphibia,  f.^..  atnphiuma,  arc  visible  to  ihc  naked  eye.  The  blooJ  corpuscles  of  the  frog  contain, 
in  addition  to  a  nucleus,  a  nucleolus  {Aucrbach^  RaHvut),  [and  the  same  is  true  of  the  colored  cor- 
puscles of  the  newt  {Stiriing),  The  nuclcolu*  is  revealed  by  acting  on  the  corpuscles  with  dilute 
alcohol  ( I,  alcohol;  2,  MOtcr:  Ranvicr's  "^ olcooi  au  /itrs").1  It  H  evident  that  the  larger  the 
blood  corpuscles  ate,  the  smaller  must  be  the  number  and  total  supcrlicies  of  corpuscles  in  a  given 
volume  of  bknid.  tn  birds,  however,  the  numl»cr  is  relatively  larger  than  in  other  classes  of  vcrle 
bralcs,  notwiitiBtjndmg  the  larger  siie  of  their  corpuscles;  this,  doubtless,  has  a  rehtion  to  the  very 
energetic  mrtaixthsm  that  takes  place  in  birds  \A/ti/iiss^z).  Among  mammals,  carnivora  have 
more  U  -od  corpuscles  than  herbivora.  Welcker  has  ascenained  that  go.-u's  hlorx]  ci>niains  9,730,000 
corpuscles  per  cubic  millimetre;  the  llama's  13,000,000;  the  bulltinch's,  3,600,000;  ihc  lizard's, 
t^20jooo;  the  frog's,  404,000:  the  proleus',  36,000.  In  hybernating  animals,  V'ierordt  found 
that  the  number  of  corpuscles  diminished  from  7,000,000  to  j,oao,ooo  per  cubic  millimetre  during 
hyberoation. 

The  invertebrata  generally  have  colorless  Mood,  with  colorless  corpuscles;  hut  the  earthworm, 
and  the  larva  oi  the  hrge  gnats,  etc.,  have  red  blood  whow  plasma  contams  hxmuglobin,  while  the 
blood  corpuscles  themselves  ore  colorless.  Many  invertebrates  possess  red,  violet,  brown,  or  green 
opalescent  bhxxl  uitli  culurless  corj>uscles  (amrelxiid  cells).  In  ccphalopods,  a<id  some  crabs,  the 
blood  is  blue,  owing  to  ihe  presence  of  a  coloring  matter  ( Hfiemocyanin)  which  contains  copper, 
and  combines  with  O  (  Brr/,  A'ahttfttu  avd  Faf>ilkm.  fridii-tcq,  end  A'TtiJbenhr^). 

[ELjIvorate  measurements  of  the  blood  corpusc'es  have  been  made  in  this  country  by  Gulliver,  but 
the  relative  si^e  may  l>e  best  appreciated  by  compahn{>  the  corpuscles  from  various  vertebrates. 
There  is  no  relation  l>etween  the  size  of  the  animal  and  the  si^e  of  its  blood  corpuscles.] 

7.  ORIGIN  OF  THE  RED  BLOOD  CORPUSCLES.— (Aj  Origin 
of  the  Nucleated  Red  Corpuscles  during  Embryonic  Life. — Ulood  cor- 
puscles arc  developed  in  the  fowl  during  the  first  days  of  embryonic  life.  [They 
appear  in  groups  within  ihe  large  branched  cells  of  the  mcsoblasl,  in  the  vascular 
area  of  the  blastoderm  ouLside  the  developing  body  of  the  chick  or  embryo,  where 
ihey  form  the  "//(?£»</  is/timfs"  of  Pander.  The  mother  cells  form  an  irregular 
network  by  the  union  of  the  processes  of  adjoining  celU,  and  meantime  the  central 
masses  split  up,  and  the  nuclei  multiply.  The  small  nucleated  masses  of  pro- 
toplasm, which  represent  the  blood  corpuscles,  acquire  a  reddish  hue,  while  the 
surrounding  protoplasm,  and  also  that  of  the  processes,  becomes  vacuolated  or 
hollowed  out,  constituting  a  branching  system  of  canals;  the  outer  part  of  the 
'cells  remaining  with  Iheir  nuclei  to  form  the  walls  of  the  future  blood  vessels.  A 
fluid  appears  within  this  system  of  branched  canals  in  which  the  corpuscles  lie, 
and  gradually  a  communication  is  established  with  the  blood  vessels  developed  in 
connection  with  the  heart.] 

[According  to  Klein,  the  nuclei  of  the  protoplasmic  wall  may  also  proliferate, 
and  give  rise  to  new  corpuscles,  which  are  washed  away  to  form  blood  corpuscles.] 
At  first  the  corpuscles  are  devoid  of  pigment,  nucleated,  globular,  larger,  and 
more  irregular  than  the  ]>ermanent  corpuscles,  and  they  also  exhibit  amteboid 
movemenis.  They  become  colored,  retain  their  nucleus,  and  are  capable  of  under- 
going multiplication  by  division ;  and,  in  fact,  Keniak  observed  all  the  stages  of 
ihe  process  ot  division.     The  process  of  division  is  best  seen  from  the  3d-5th  day 
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of  incubation.  Increase  by  division  also  takes  place  in  the  larvas  of  the  salaman- 
der,  triton  and  toad  {FUmming,  Penmfschkd),  and  also  during  the  intra-uterine 
life  of  a  mammal^  in  the  spleen,  bone  marrow,  the  liver  and  the  circulating  blood 
{Bhzozgriy,  Eherih). 

After  the  liver  is  developed,  blood  corpuscles  seem  to  be  formed  in  it  {E.  //. 
Weber,  Koiliker).  Neumann  found  in  the  liver  of  the  embryo  protoplasmic  cells 
containing  red  blood  corpuscles.  Cells,  some  with,  others  without,  Hb,  but  with 
large  nuclei,  have  been  found.  These  cells  increase  by  division,  their  nucleus 
shrivels,  and  they  then  ultimately  form  blood  corpuscles  (Z<5a///).  The  spleen 
is  also  regarded  as  a  centre  of  their  formation,  but  this  seems  to  be  the  case  only 
during  embryonic  life  {Neumann).  Here  the  red  corpuscles  arc  said  to  arise  from 
yellow,  round,  nucleated  cells,  which  represent  transition  forms.  Foa  and  Sal- 
violi  found  red  corpuscles  forming  endogenously  within  large  protoplasmic  cells 
m  lymphatic  glands.  In  the  later  |>eriod  of  embryonic  life,  the  characteristic 
non-nuclealcd  corpuscles  seem  to  be  developed  from  the  nucleated  corpuscles. 
The  nucleus  becomes  smaller  and  smaller,  breaks  up,  and  gradually  disappears. 
In  the  human  embryo  at  the  fourth  week  only  nucleated  corpuscles  are  found  ;  at 
the  third  month  their  number  is  still  \-\  of  the  total  corpuscles,  while  at  the  end 
of  fcetal   life  nucleated  blood  corpuscles  are  very  rarely  found.     Of  course,  in 
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Formation   of  rvil  hloorl  corputclei  within  "  vatofurmAtive  celb."  from   the   nmentum  t4  a  nibbil  seven  day*  ollt. 
r,  r,  ihc  formtnl  corptuclck ,  K,  K,  nucki  of  ihe  vajo  furuutivc  c«iU .  a,  a.  prucr^tcs  which  ullimalcly  iintte  to 

animals  with  nucleated  blood  corpuscles,  the  nucleus  of  the  embryonic  blood  cor- 
puscles remains. 

(B)  Development  of  Blood  Vessels,  Formation  of  Blood  Vessels 
and  Blood  Corpuscles  during  Post-embryonic  Life. — Kollikcr  assumed 
that,  in  the  tail  of  the  tadpole,  capillaries  are  formed  by  the  anastomoses  of  the 
processes  of  branched  and  radiating  connective-tissue  corimscles.  These  cor- 
puscles lose  their  nuclei  and  protoplasm,  become  hollowed  out,  join  with  neigh- 
boring capillaries,  and  thus  form  new  blood  channels,  J.  Arnold  and  von  Golu- 
hew,  on  the  other  hand,  oppose  this  view.  They  assert  thai  the  blood  capillaries 
in  the  tail  of  the  tadpole  give  off  solid  buds  at  difTerent  places,  which  grow  more 
and  more  into  the  surrounding  tissues,  and  anastomose  with  each  other  j  their  pro- 
toplasm and  contents  disappearing,  they  become  hollow  and  a  branched  system  of 
capillaries  is  formed  in  the  tissues.  Ranvier,  be  it  remarked,  noticed  the  same 
mode  of  growth  in  the  omentum  of  newly-born  kittens. 

The  latter  observer  has  recently  studied  the  development  of  blood  vessels  and 
blood  corpuscles  in  the  omentum  of  young  rabbits.  These  animals,  when  a  week 
old,  have,  in  their  omentum,  little  white  or  milk  spots  {'^  taehes  /at/ruses^"  Ran- 
vier)^  in  which  lie  "  vaso-formative  cells,"  /'.  e.,  highly  refractive  cells  of  vari- 
able shape,  with  long  cylindrical  protoplasmic  processes  [y\%.  6).     In  its  refractive 
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iwer  the  protoplasm  of  these  cells  resembles  that  of  lymph  corpuscles.     Long, 

;d-likc  nuclei  lie  within  these  cells  (K,  K),  and  also  red  iiiood  €orp$tscies  (/',  r), 

[gnd  both  are  surrounded  with   protoplasm.      These  vaso- formative  cells  give  off 

'protoplasmic  points  and  processes  (a,  *7),  some  of  which  end  free,  while  others 

form  a  network.     Here  and  there  elongated  connective  tissue  corpuscles  lie  on 

the  branches,  and  ultimately  form  the  adventitia  of  the  blood  vessel. 

The  vaso-formative  cells  have  many  forms:  they  may  be  elongated  cylinders 
ending  in  points,  or  more  round  and  oval,  resembling  lymph  cells,  or  they  may 
be  modified  conncciivc-tissuc  corpuscles,  as  observed  by  Schafcr  in  the  sub- 
cutaneous tissue  of  young  rats.  Thest  cefls  are  ahvays  the  seat  of  origin  of 
mom-nucleated  red  biood  ctyrpuscleSy  which  arise  in  the  protoplasm  of  vaso-formative 
cells,  as  chlorophyll  grains  or  starch  granules  arise  within  the  cells  of  plants. 
The  corpuscles  escape  and  arc  washed  into  the  circulation,  when  the  cells  form 
connections  with  the  circulatory  system  by  means  of  their  processes.  It  is 
prol»able  that  the  vessels  so  formed  in  the  omentum  are  only  temporary.  May 
h  not  be  that  there  are  many  other  situations  in  the  body  where  blood  is 
regenerated  ? 

[The  observations  of  Schafer  also  prove  the  intra-celittiar  origin  of  red  blood 
corpuscles,  and  although  this  mode  usually  ceases  before  birth,  still  it  is  found  in 
the  rat  at  birih.  The  protoplasm  of  the  subcutaneous  connective-tissue 
corpuscles,  which  are  derived  from  the  mesoblasi,  has  in  it  small  colored 
globules  about  the  size  of  a  colored  corpuscle.  The  mother  cells  elongate, 
become  pointed  at  their  ends,  and  unite  with  processes  from  adjoining  cells. 
The  cells  become  vacuolated  ;  fluid  or  plasma,  in  which  the  liberated  corpuscles 
float,  appears  in  their  interior,  and  ultimately  a  communication  is  established 
with  the  general  circulation.] 

Similar  observations  have  Wen  made  by  Neumann  io  the  embn-onic  liver;  by  Wlssolzky  io  ihc 
rabbtl's  amnion;  by  Klein  in  the  embryo  chick  ;  and  by  LetKmcc]  and  Hayem  in  various  antm.ils; 
atl  of  uhich  ^o  to  show  that  at  a  certain  early  penod  of  dcvelupment  bloul  corpuscles  are  funned 
within  ulhcr  lar^c  celts  uf  the  niesobla»t,  and  thai  i>art  of  the  proioplo&m  of  these  blood*foTroing  cells 
remains  to  form  the  wall  of  the  future  blood  vcK&el. 

[Acoording  to  Uayerl  red  l>loQd  corpuscles  arc  farmed  within  cartilage  capsules  at  the  line  of 
oiuficalion  in  the  ribs  and  tione^s  of  the  cxlremilics  of  maatmalian  and  human  embryos.] 

(C)  Later  Formation  of  Red  Blood  Corpuscles. — There  is  much  diversity 
of  opinion  as  lo  how  colored  blood  corpuscles  are  formed  in  mammats  at  a  later 
period.  [They  have  been  described  as  derived  from  colorless  corpuscles,  one  set 
of  observers  (including  Kolliker)  maintaining  that  the  nucleus  of  these  corpuscles 
disappears^  while  the  perinuclear  portion  remains,  becomes  flattened  and  colored, 
and  assumes  the  characters  of  the  mammalian  blood  corptisclcs.  On  the  other 
hand,  other  observers  (including  Wharton  Jones,  Gulliver,  Kusk,  Huxley  and 
Balfour)  arc  of  opinion  that  the  nudeus  becomes  pigmented,  and  forms  the 
future  blood  corpuscle.  It  iN  still  doubtful,  however,  whether  colored  corpuscles 
arc  developed  in  either  of  these  ways.]  Neumann  and  Biz/ozero  described 
peculiar  corpuscles  occiirrint;  in  the  red  marrow  of  bone,  which  they  maintain 
become  developed  into  colored  blood  corpus  les.  und-rguing  a  series  of  changes* 
and  forming  a  series  of  intermediate  forms,  which  may  be  delected  in  the  red 
marrow.  Bizzozero  holds  that  it  is  the  nucleus  of  the  marrow  cell  which  is 
colored,  while  Neumann  thinks  that  it  is  the  |>erinuclear  part  which  becomes 
colored,  and  forms  the  blood  corpuscle.  Schafer's  observations  on  the  red 
marrow  of  the  guinea  pig  rather  tend  lo  confirm  Neumann's  view.  These 
iransition  cells  are  said  by  Erb  tu  be  more  numerous  after  severe  hemorrhage, 
the  number  of  ihem  occurring  in  the  blood  corresponding  with  the  energy  of  the 
formative  process.  In  dogs  and  guinea  pigs,  which  he  had  rendered  ana:mic, 
bi/sozero  found  in  the  marrow  and  spleen  nucleated  red  blood  corpuscles,  which 
increased  by  division.  According  to  Neumann,  the  hane  marrow  of  adults 
conlaiusall  transition  forms,  from  nucleated  colored  corpuscles  to  true  red  blood 
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corpuscles.     After  copious  hemorrhage,  these  transition  forms  appear  in  numbers 
in  the  hlood  stream. 

Red  or  blood-forming  marrow  occurs  in  the  bones  of  the  skult,  and  in  tno-'t  of  tbe  bones  of  the 
Irunk.  while  the  txint^s  of  the  extremities  either  contain  yellow  marrow  (which  is  e«seniially  fatly 
in  its  nature),  or,  at  moM,  it  is  only  the  heads  of  the  long  bones  ilial  contain  rwl  marrow.  When 
ihe  blood  regeneration  process  is  very  active,  however,  the  jetUw  marrow  may  be  changed  into  red, 
even  throughout  all  the  Ixines  of  the  extremities  [A'eumamt). 

KindHri?>ch  also  regarils  Ihe  conned  ive  suliMancc  of  the  red  marrow  and  the  spleen  as  the  molher- 
liuue  of  the  red  blood  corpu^les,  the  connective  substance  or  the  ha:matogcnous  connective  tissue 
either  temporarily  or  permanently  forming  red  bl(io<l  corpuscles.  Once  the  red  cor^u&cles  arc 
formed,  they  easily  enter  the  btond  stream,  as  the  capillaries  or  veins  of  the  red  marrow  have  either 
no  walls  {//oyer,  AW/jvmmh),  or  exceedingly  thin,  perforated  walls.  Similar  conditions  obtain  in 
the  spleen. 

Bi£zozcro  and  Torre  found  that,  after  severe  hemorrhage  in  birds,  the  marrow  of  the  bonet 
contnined  globular,  granular,  nucleated  cells,  whose  protoplasm  was  colored  «ith  hirmogloliin, 
while  l>ciween  these  and  the  oval,  biconvex,  niicltated  corpuscles  of  the  t>ird,  there  were  numeroua 
transition  stages.  The  ipii€n  of  the  liird  seems  to  tie  of  much  less  im|>Qnance  in  the  fotmation  of 
blood  corpuscles  {Korni.  All  these  observations  prove  that  the  red  marrow  of  the  liooes  is  a  great 
nianufaciory  lor  colored  blood  corpuscles. 

V.  Kecklinghauscn  ot>scrvcd  the  direct  transformation  of  these  intermediate  forms  into  blood 
corpuscles  in  frogs'  blood  which  was  kept  for  several  days  iu  a  moist  ch;imi»er.  A.  Schmidt  and 
Semmer  found  in  the  blood  targe  lymph  Cills,  hlled  with  granuUs  of  ha.'mogublin,  and  they  icgard 
thcK  as  intermediate  forms  tH:twcen  colorless  and  colored  corpuscles. 

[Malasscz,  from  on  investigation  of  the  red  marrow  of  young  kids,  finds  that  the  cells  of  the  red 
mirrow  and  certain  cells  in  the  splecti  fjrm  rounded  colored  pnyectiims  or  buds  on  their  surface. 
Ihesc  get  detached  and  form  young  blowl  corpuscles,  \shich  &<>un  become  disk'Sha|x:d ;  while  the 
mother  cell  nsclf  continuci  to  produce  other  colored  corpuscles.  'Wx'a^ gemmatton  of  the  splenic 
and  medullary  cells  constitutes  one  great  process  in  the  manufacture  of  blood  corpuscles.  Hence 
it  is  apparent  why  diseases  of  the  trane  in  children  lead  to  amcmia,  and  soon  bring  about  a  cachectic 
cutiditiou.j 

[In  mammals,  birds,  reptiles,  and  tailless  amphibians,  colored  blood  coqiuscles  divide  in  bune 
marrow,  tn  the  tailed  amphitnans  (  TrUon  fnstit'ns)  the  l>one  marrow  consists  of  tat,  and  shows 
Donc  of  the  characters  of  a  blood-forming  organ.  In  tailed  amphibians,  again,  Bizzo^cro  and  Torre 
find  the  first  example  of  animals  in  whict),  in  adults,  red  blood  corpuscles  arc  fonnei  in  the  spleen, 
where  the  process  of  imltrcct  division  is  very  marked,  especially  if  the  corpuscles  be  stamed  l»y 
meihyl-viulet  in  i^   per  cent.  N'aCI  Milultoii,  and  allcrwaid  with  ^  per  cent,  acttic  acid.] 

8.  DECAY  OF  THE  RED  BLOOD  CORPUSCLES.— The  blood 
corpuscles  must  positively  undergo  decay  within  a  limited  time,  and  the  liver  is 
regarded  as  one  of  the  chief  places  in  which  their  disintegration  occurs,  because 
bile  pigments  are  formed  from  haemoglobin,  and  the  blood  of  the  hepatic  vein 
contains  fewer  red  corpuscles  than  the  blood  of  the  portal  vein. 

The  spleniQ  pulp  contains  cells  which  seem  to  indicate  that  colored  corpuscles 
are  broken  up  within  it.  These  are  the  so-called  "  blood-corpuscle-containing 
cells."  Quincke's  observations  go  to  show  that  the  red  corpuscles — which  may 
live  from  three  to  four  weeks — when  about  to  disintegrate,  are  taken  up  by  white 
blood  corpuscles,  and  by  the  cells  of  the  spleen  and  the  bone  marrow,  and  are 
stored  up  chiefly  in  the  capillaries  of  the  liver,  in  the  spleen,  and  in  the  marrow 
of  bone.  They  are  transformed,  partly  into  colored,  and  jartly  into  colorless 
proteids  which  contain  iron,  and  are  either  deposited  in  a  granular  form,  or  are 
dissolved.  Part  of  the  products  of  decomposition  is  used  for  the  formation  of 
new  blood  corpuscles  in  the  marrow  and  in  the  spleen,  and  also  perhaps  in  the 
liver,  while  a  portion  of  the  iron  is  excreted  by  the  liver  in  the  bile. 

That  the  normal  red  blood  corpuscles  and  other  particles  stu[>ended  in  the  blood  stream  are  not 
taken  up  in  lhi>  way,  may  be  due  to  their  being  Nmooth  and  polUhcd.  As  the  corpu-scles  grow 
older  and  become  more  rigid,  they,  as  it  were,  are  caught  by  the  am(el>oid  cells.  As  cells  cun- 
lainnig  btood  corpuscles  are  very  rarely  found  in  the  general  circulation,  one  may  assume  that  the 
occurrence  of  these  cells  within  the  spleen,  liver  and  marrow  of  bone  is  iavorcd  by  the  slowness  of 
the  circulation  in  these  organs  {Quw<kf). 

Patholo^cml. — In  certain  pathological  conditions,  ferruginous  substances  derived  from  the  red 
blood  corpuscles  ate  found  iu  the  spleen,  in  the  marrow  of  bone,  and  in  the  capillaries  of  the 
liver  :  (t)  When  the  diMiitegration  of  blocKi  corpuscles  is  increased,  as  in  ana'mia  iS/a^e/).  {2) 
When  tnc  formation  of  red  blood  corpuscles  from  the  old  material  is  diminished.     If  the  excretion 
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from  ihc  liver  cc1I&  be  prevented,  iron  accumulates  within  them ;  it  is  also  more  fthundant  in  the 
blood  fteram,  and  it  may  even  accumulate  in  the  secretory  cells  of  the  cortex  of  the  kidney  and 
pmncreai,  in  gUnd  cells,  and  in  the  tissue  elements  of  other  organs  {Quiufki).  When  the  amount 
of  blood  u  greatly  increased  (in  dogs),  after  four  wceVs  an  enormous  number  of  granules  containing 
iron  occur  in  the  Ieucccyte&  of  the  liver  capillaries,  the  cells  of  the  spleen,  bone  marrow,  lymjrfi 
'KLajidft.  the  liver  cells,  and  the  epithelium  of  the  cortex  of  the  kidney  ( Quinrkt).  The  iron  reaction 
||n  Ibc  two  laal  situations  occurs  after  the  introductioa  of  bacnx^lobiii,  or  of  salts  of  iron  into  the 
blood  {G/an'fci  anJ  v.  Stari). 

When  we  reflect  how  rapidly  (relatively)  large  quantities  of  blood  are  replaced 
after  hemorrhage  and  after  menstruntion,  it  is  evident  that  there  must  be  a  brisk 
manufactory  somewhere.  As  to  the  number  of  corpust:Ies  which  daily  decay,  we 
have  in  some  measure  an  index  in  the  amoimt  of  bile  pigment  and  urine  pigment 
resulting  from  the  transformation  of  the  liberated  haemoglobin  (§3o). 

9.  THE  COLORLESS  CORPUSCLES  (LEU  COC  YTESi. 
BLOOD  PLATES  AND  ELEMENTARY  GRANULES.— I.  White 
Blood  Corpuscles. — Blood,  like  many  other  tissues,  contains  a  number  of  cells 
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or  corpus«_lcs  which  rea*  h  it  from  without :  the  rorpusrlt's  varv  somewhat  in  form, 
and  are  called  colorless  or  white  blood  corpuscles,  or  'Meucocytes  " 
{Hrtt'sofi,  1770).  Similar  corpuscles  are  found  in  lymph,  adenoid  tissue,  marrow 
of  bone,  as  wandering  cells  or  leucocytes,  in  connective  tissue,  and  also  between 
glandular  and  epithelial  cells.  They  all  consist  of  more  or  less  spherical  masses 
of  protoplasm,  which  is  sticky,  hi^'hly  refractile,  soft,  capable  of  movement,  and 
levoid  of  an  envelope  (Fig.  7).  When  they  are  quite  fresh  (A)  it  is  difficult  to 
detect  the  nucleus,  but  after  they  have  been  shed  for  some  lime,  or  after  the 
addition  of  water  (B),  or  acetic  acid,  the  nucleus  (which  is  usually  a  comi>ound 

^ODc)  api^ears  ;  acetic  acid  clears  up  the  perinuclear  protoplasm,  and  reveals  the 
;nre  of  the  nuclei,  of  which  the  number  varies  from  one  to  four,  although 
generally  three  are  found.  The  subsequent  addition  of  magenta  solution  stains 
the   nu(  lei  deeply.     Water  makes    the   contents   more   turbid,  and   causes   the 

^Corpiit>cles  to  swell  up.  One  or  more  nucleoli  may  be  present  in  the  nucleus. 
"  he  corpuscles  contain  proteids,  but  they  also  contain  fats^  lecithin,  and  salts 
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(§  24).  The  size  of  the  corpuscles  varies  from  four  to  thirteen  ji,  and  as  a  rule 
they  are  about  ^ij^  of  an  inch  in  diameter,  and  in  the  smallest  the  layer  of  the 
protoplasm  is  extremely  thin.  They  all  have  the  property  of  exhibiting  amoeboid 
movements,  which  are  very  apparent  in  the  larger  corpuscles.  These  movements 
were  discovered  by  Wharton  Jones  in  the  skate,  and  by  Davine  in  the  corpuscles 
of  man.     Max  Schultze  describes  three  different  forms  in  human  blood  :  — 

(1)  The  smallest,  round  forms,  less  than  the  red  corpuscles,  with  one  or  two 
nuclei,  and  a  very  small  amount  of  protoplasm  : 

(a)  Round  forms,  the  same  size  as  the  colored  blood  corpuscles; 

(3)  The  large  amoeboid  corpuscles,  with  much  protoplasm  and  distinctly  evi- 
dent movements. 

rWhcn  a  drop  of  human  blood  is  examined  under  the  microscope,  more  »|>ccia11y  afler  ibe 
colored  blood  corpuscles  have  run  into  rouleaux,  the  colorless  corpuscles  may  readily  he  detected, 
there  being  usually  three  or  four  of  ihem  visible  in  the  field  al  once.  They  arlherc  to  the  ylajw 
>1ide.  for  if  the  cover  glass  be  tnoved,  the  col  red  corpuscles  readily  glide  over  each  other,  while  the 
co!(ir!f5»  can  be  seen  still  adhering  to  the  slide.] 

[White  Corpuscles  of  Newt's  Blood — The  characters  of  the  cnlorlera  corposcles  are  betf 
studied  in  a  drop  of  newt's  blood.  Cut  olT  the  tip  of  the  tail  and  express  a  drop  of  blood  on  to  a 
slide,  cover  it  with  a  thin  glass,  and  examine.  Neglecting  the  colored  corpuscles,  search  for  the 
colorless,  of  nhich  ihetc  stc  three  varielies; — 

(1)  The  Large,  Finely  Granular  Corpuscle,  which  is  about  jj^g  of  an  inch  in  diameter,  irregu- 
lar in  outline,  with  tine  processes  or  pscudopodia  projecting  from  its  surface.  It  rapidly  changes  ita 
shape  al  the  ordinary  temperature,  and  in  its  interior  a  bi-  or  tri{>arti(e  nucleus  may  be  seen,  sur- 
rounded with  fine  granular  protoplasm,  whose  outline  is  coDlinually  changing  Sometimes  vQotcffs 
are  seen  in  the  protoplasm. 

(3)  The  Coarsely  Granular  Variety  is  leas  common  than  the  first  mentioned,  but  when  de- 
lected its  characters  are  distinct.  The  protoplasm  contains,  besides  a  nucleus,  a  large  number  of 
highly  refractive  granules,  and  the  corpuscle  usuaUy  exhibits  active  nmnchoitl  movements ;  suddenly 
the  granules  may  be  seen  to  rush  from  one  side  of  the  coq>uscle  to  the  other.  The  proce.sses  are 
usually  more  blunt  than  those  emitted  by  (l).  The  relation  belv^ecn  these  two  kinds  of  corpuscles 
has  nut  been  asccrtaintd. 

(3)  The  Small,  Colorless  Corpuscles  arc  more  like  the  ordiiuiTy  human  colorless  corpuscle, 
and  they,  too,  exhibit  am<xboid  movcmcut.'*. 

Two  kinds  of  colorless  corpuscles  like  (i)  and  (2)  exist  in  frogs'  blond.  In  the  coarsely  {(raiiular 
corpuscles  the  glancing  granules  may  be  of  a  fatty  nature,  since  they  dissolve  in  alcohol  and  ether, 
but  other  granules  exist  which  ate  insoluble  in  ihcs-c  Ouids,  and  the  nature  of  which  is  unknown. 
Very  large  colorless  coqjuscles  exi^l  in  the  axolotl's  blood  (A'awwrrJ.] 

[Action  of  Reagents. — (a)  IVa/fr,  when  added  slowly,  causes  the  colorless 
corpuscles  tu  becomu  ^luhular,  and  the  granules  within  ihem  to  exhibit  Brownian 
movements  {.Hichardson^  Strickrr).  {6}  Pipnents^  such  as  magenta  or  carmine, 
stain  the  nuclei  very  deeply,  and  the  protoplasm  to  a  less  extent,  (r)  Dilute 
Acetic  ^r/y  cleans  up  the  surrounding  protoplajim  and  brings  clearly  into  view  the 
comjwsite  nucleus,  which  may  be  stained  thereafter  with  magenta,  {d')  Iodine 
gives  a  faint  port-wine  color  (horse's  blood  indicating  the  presence  of  glycogen 
best),  {e)  Dilute  Alcohol  causes  the  formation  of  clear 
Ftr..  8.  blebs  on   the  surface  of  the  corpuscles,  and   brings  the 

nuclei  clearly  into  view  {Ranvier^  Stirlin^).'\ 

[A  delicate  plexus  of  fibrils — intra-nuclear  plexus — 
extsts  within  the  nucleus,  just  as  in  other  cells.  It  is  very 
[)robable  that  the  protoplasm  itself  is  pervaded  by  a  similar 
plexus  of  fibrils,  and  that  it  is  continuous  with  the  intra- 
nuclear  plexus  (Fig.  8).] 

'I'he  colorless  corpuscles  divide,  and  in  Ihis  way  repro- 
duce themselves  (/Clein). 

The  Number  of  Colorless  Blood  Corpuscles  is 

very  much  less  than  that  of  the  red  corpuscles,  and  is  sub- 

lnt™«iiaur  «d  imranuciear    i«c«  *»  considerable  variations.     It  is  certain  that  the  color- 

iiicxia  of  a  coiorieu  cor-     Jess  cor[)uscles  are  ven'  much  fe^oer  tn  shed  blood  than  in 

Ta^V^  ""*  ""'*''     blood  still  within  the  ciVculation.     Immediately  after  blood 
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H  slit'd,  an  enormous  nurat>cr  of  while  corpuscles  disappear  (see  Formation  of 
Fibrin,  §  31).  [The  extent  to  which  this  occure  is  questioned  by  different 
observers.] 

A1.  Schmidt  estimntcs  the  number  that  remain  at  X^  of  the  whole  origumlly  present  in  the  ctrcu- 
laiiDg  blood.    The  proponion  U  f^niuer  in  children  than  in  aduliA  \iSvuchui  and  Dubritay), 

The  following  table  gives  the  number  in  shed  blocd  : — 


NtJMBER   OF   WhITB  CoKTOSCLKS   IN   PROMRTIOM  TO   RED  CORrUSCLKS — 


la  NotBud  CoodttioiH. 


357  [MoIaeJkoit). 


In  Differtoi  Placw. 

Splenic  Vein,     i  :  60 
Splenic  Artery,  i  :  2260 
Hepatic  Vein,    1  ;  170 
Ponal  Vein.       i  :  740 
Gcoerally   more  numerous   tn 
Veini  than  Aiterica. 

In  Different  Condttlons. 


ItKreaudbf 
Digestion,  Loss  of  Blood,  Pro- 
longed Suppuration,  Parluri- 
lion,  l^ukxmia,  Quinine,  Bit- 
ters. 

Diminished  \iy 
Hunger,  Bad  Nourishment. 


The  number  also  varies  with  the  Aj^e  and  Srx: — 


Act.  Sea. 

While.  Red. 

General  CondttioM. 

White.  Red. 

Giria, 

Boys 

Adulit. 

Old  Ajic 

1 

1  :405 
1  :326 

I  :38« 

While  fasting,    .    . 
After  a  meal,    .    . 
During  pregnancy, 

I  ;  716 

1^347 
[  :  3S1 

The  old  raeihod  of  WtUker  for  estimating  the  numb<r  of  colorless  corpuscles  is  unsatisfactory. 
The  blood  was  defibrinatcd.  plnccd  in  a  tall  ve&scl.  and  allowed  to  subside,  when  a  layer  uf  color- 
less corpuscle*  was  obrtaincd  immediately  under  a  layer  of  scrum.  [It  is  belter  to  use  the  lurttia- 
cytoroetcr  (p.  21 1  a.*  improved  by  Gowers.] 

The  Amceboid  Movements  of  the  white  corpuscles  (so  called  because  they 
resemble  the  movements  of  amoeba)  consist  in  an  alternate  contraction  and 
relaxation  of  the  protoplasm  surrounding  the  nucleus.  Processes  are  given  off 
from  the  surface,  and  are  retracted  again  (like  the  pseudopodia  of  amceba). 
There  is  an  interna/  current  in  the  protoplasm,  and  the  nucleus  has  also  been 
observed  to  change  its  form  [and  exhibit  contractions  without  the  corpuscle  divid- 
ing. The  karyokinetic  figures  or  aster,  and  convolution  of  the  intranuclear 
plexus  have  been  seen]  (^LauuLnvsky^.  Two  series  of  phenomena  result  from  these 
movements:  (i)  The  '*  watuicring'*  or  locomotion  of  the  corpuscles  due  to  the 
extension  and  retraction  of  their  processes ;  (a)  the  absorption  0/ sma/i  particles 
into  their  interior  (fat,  pigment,  foreign  bodies).  The  particles  adhere  to  the 
sticky  external  surface,  are  carried  into  the  interior  by  the  internal  currents 
KPftyer)^  and  may  eventually  be  excreted,  just  as  particles  are  taken  up  by  amceba 
and  the  effete  particles  excreted.  [Max  Schultze  observed  that  colored  particles 
were  readily  taken  up  by  these  corpuscles.] 

[Conditions  for  Movement. — In  order  that  the  amceboid  movements  of  the 
leucocytes  may  take  place,  it  is  necessary  that  there  be — ( i)  a  certain  temperature 
and  normal  atmospheric  pressure;  (2)  the  surrounding  medium,  within  certain 
limits,  must  be  "indifferent,"  and  contain  a  sufficient  amount  of  water  and 
oxygen  ;  (3)  there  must  be  a  basis  or  support  to  move  on.] 

MetschniknfT  erophnsizes  the  activity  or  the  leucocytes  in  retrogressive  processes,  whereby  the 
pana  (o  be  removed  are  taken  up  by  them  in  fine  granules,  and,  va  it  were,  are  "  tattn.*'  Hence, 
he  calls  ftuch  celU  "  phagocytes."  Thsy  niiy  lie  found  in  the  atrophied  taiU  of  balrachians,  the 
Cells  containing  in  their  interior  whole  pieces  of  nerve  fibre  and  primitive  muscular  tmndles,   Scfaizo- 
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mycetes  which  have  found  their  vay  into  the  blood  ({  tSj)  have  becD  fband  to  be  partly  taken  up 
by  ihe  colorless  corj^usclcs. 

Effects  of  Reagents. — On  a  hot  stage  (35-40^  C.)  the  colorless  corpuscles 
of  warm-blooded  animals  retain  their  movements  for  a  long  time ;  at  40^^  C. 
for  two  10  three  hours;  at  50°  C.  the  proleids  are  coagulated  and  cause  "  heat 
rigor"  and  death  [when  their  movements  no  longer  recur  on  lowering  the  tem- 
perature]. In  cold-blooded  animals  (frogs>,  colorless  corpuscles  may  be  seen 
to  crawl  out  of  small  coagula,  in  a  moist  chamber,  and  move  about  in  the  serum. 
[Draw  a  drop  of  newt's  bU>od  intu  a  capillary  tube,  seal  up  the  ends  of  the  latter 
and  allow  the  blood  lo  coagulate.  After  a  time,  examine  the  tube  in  clove  oil, 
when  some  of  the  colorless  corpuscles  will  be  found  to  have  made  their  way  out  of 
the  clot.]     Induction  shocks  cause  them  to  withdraw  their  processes  and  become 

Fic.  g. 


H  iint^n  ktKocjtcs,  sbowing  una:boi<l  movcoicnu. 

»herica!,  and,  if  the  shocks  be  not  too  severe,  their  movements  recommence. 
Strong  and  continued  shocks  kill  them,  causing  them  to  swell  up,  and  completely 
disintcKrating  them.      Oxygen  is  necessary  for  their  movements. 

Diapedests. — These  amueboid  movements  are  of  special  interest  on  account 
of  the  "  wandering  out  "  (diaj>edesis)  of  colorless  blood  corpuscles  through  Ihe 
walls  ol  the  blood  vessels  (§  95 ). 

[Effect  of  Drugs.— ^rii/i  and nlkaiift,  if  vny  dilute,  at  first  increase. but  afterward  arrr&t  their 
movements.  5<*dii  thUridf  in  a  1  per  cent,  solution  at  fiist  accelerates  iheir  movt-mems,  hut  after- 
ward pmfluccs  a  tetanic  coniracikm,  nnd,  it  may  ttc.  eKpulMun  of  any  food  particles  they  conlaln. 
The  Cmehvna  alkahids — quinine,  quinidine,  cinchonitlinc  (1  :  1500) — ijuickly  arrest  the  locomo- 
tive movements,  as  well  as  the  protrusion  of  pseudopodia,  although  the  leucoc)ies  of  dilTereni 
aiumals  vary  somewhat  in  their  resistance  to  the  action  of  drugs,     (^intne  not  only  arreatM  the 
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movements  of  the  leococyieii  when  applied  to  them  dirccilT,  but  when  injected  into  the  circulation 
of  a  frog  to  ihc  amount  of  jo^irn  P'"^  '^^  ^^'^  animal's  weight,  the  leucocytes  no  longer  pass  through 
ihe  tvallis  of  the  cmpUIaries.  (^inn).'] 

The  chyle  conuinn  leucocytes,  which  arc  more  resistant  than  those  of  the  hlood,  but  less  m  than 
those  of  the  cnagulablc  transudalions  {Heyt).  The  leucocytes  of  the  lymphatic  glands  may  also 
Lie  diwolvcd  [RaHi(henbaih\. 

Relation  to  Aniline  Pigments. — Ehrlich  has  observed  a  remarkable  relation  of  the  white 
corpuscles  to  add  (eosin,  picric  acid,  auranlia),  Itam  (dahlia,  acetate  of  losanilin),  or  nrutraf 
(^•icmtevf  rosanilin)  reactions.  The  smallcftt  I'roiopLismic  granules  of  the  cells  have  diffeent 
chemical  aftiniiics  for  thc«  pigments.  Thus  Ehrlich  distinguishes  "  eosinophilc,"  ••  basophile," 
and  "  neutruphilc  "  granules  within  the  cells.  Eo^inophilc  granules  occur  in  the  leucocytes  which 
come  from  l>one  marrow  (wy^/o^^n/r  leucocytes).  The  small  leucocytes,  i.<r.,  those  about  the  size 
of  a  colored  blood  coqiu*clc  or  slightly  Ini^er,  are  formed  in  the  lymphatic  glands  UymphogtnU 
X.).  The  lar^e  ajn«t:Lioid  mulii-nuclenicd  cell.'i  which  arc  found  oui&ide  the  vessels  in  iollam- 
lians  exhibit  a  neutrophile  reaction.  Their  oriyin  L«  unknown,  and  so  is  that  of  the  large 
lui-DUcleatcd  cells  anil  the  large  cell.«  with  coiiatrictcd  nuclei  {^Ehrlith  and  Einhom).  The 
>hile  corpuscles  are  considerably  increased  in  leukifmia.  The  basi?phtte  granules  occur  also 
connect ive-ttssne  corpuscles,  especially  in  the  neighborhood  of  epithelium  ;  they  are  always 
iCly  increased  where  chronic  intlammatiun  occurs.  As  such  conditions  ore  always  accompanied 
an  increased  supply  of  the  nutritive  niaiennlis  necessary  for  cells,  Ebrlich  has  called  these  cells 
"  MaMrellen  " ;  Ihty  do  not  occur  normally  in  human  blood. 

Fig.  to. 
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Blood  pbtEt "  and  their  dciivarlvn,  partly  after  Bitioiero  aad  Ltker.  i,  red  Mtxxl  corpu»cle«  on  the  flat :  a,  from 
ihc  »«k .  3,  umKantcil  hkK'd  pUlc*  ;  4,11  lymph  ct>rpirtcl«,  MirroundcJ  wiih  bl'VHt  pUiiM  .  5,  bluut]  plates 
vsrlou^ly  Alfred  ;  6,  %  lymph  corputcJe  with  two  hMptor  fiueJ  blooJ  pUtes  nnd  llireiid* 'if  fibrin;  7,Brotipiil 
blood  pblcf  (a*ttl  or  nm  toKcthcr;  B,  a  itmilar  kinaU  hcsp  of  panlally  diuolved  blood  pl^to  with  fibrils  of  fibrin. 

n.  Blood  Plates. — Special  attention  has  recently  been  directed  to  another 
clenient  of  the  blood,  the  *'  blood  plates"  or  *'  Blutplattchen  "  of  Bizzozero; 
pale,  colorless,  oval,  round,  or  lenticular  discs  of  variabltr  size  (mean,  3  /i). 
According  to  Hayem  (who  called  these  structures  haematoblasts,  supposing 
that  they  were  an  early  stage  in  the  developtnent  of  the  red  blood  corpuscles), 
they  arc  forty  times  as  numerous  as  the  leucocytes.  These  blood  plates  may  be 
recognized  in  circulating  blood,  as  in  the  mesentery  of  a  chloralized  guinea  pig 
and  the  wing  of  a  bat.  They  are  precipitated  in  enormous  numbers  upon  threads 
Impended  in  fresh  shed  blood  {Bizzoziro).  They  may  be  obtained  from  blood 
'flowing  directly  from  a  blood  vessel,  on  mixing  it  with  i  per  cent,  solution  of 
oimic  acid  or  Hayem's  fluid  (p.  23],  (Laker).  They  undergo  a  rapid  change  in 
shed  blood  (Fig.  to,  5),  disititcgrating,  forming  small  i>articlcs,  and  ultimately 
dissolving.  When  several  occur  together  they  rapidly  unite,  form  small  groups 
(7),  and  collect  into  finely  granular  masses  or  "  Kornchenhaufen."  These  masses 
may  be  associated  in  coagulated  blood  with  fibrils  of  fibrin  (Fig.  to). 

['n»e»e  blood  plates  are  seen  in  shed  bbxid,  best  in  the  guinea  pig,  especially  if  it  be  mixed  with 
i  MluLion  of  *odic  sulphate  (sp.  gr.  1033J  or  }^  percent.  NaCI  tinged  with  methyl-violet  \Bnwtirfi)J\ 
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Bizzozero  believes  tliat  they  are  the  agents  which  iminctJialelj'  induce  coaRulotion  and  lake  part  in 
ihe  formalton  of  litirin  during  coa^i^laiion  of  the  btoo.1 ;  lih^nh  and  Schimmelbuftch  ascn^  tUc 
fomuutnii  of  ihronibi  to  thcin.  It  is  not  yet  determined  whether  they  arc  derived  from  partially 
disiiitet;ratcd  leucuc>'tes.  us  a  conse'iucnce  nf  alteration  of  the  blood  (JLntvi/).  or  whether  they  arc 
independent  furmaliiin^  Alint;  with  the  leucocytes  they  arc  concerned  in  the  formation  of  nbrin 
{t/iava).  These  structures  were  known  to  early  observers  [^fax  SchutUe,  /*i>jj,  uHti  others); 
but  (heir  si^ificance  has  l>een  variously  interpreted.  Halla  found  that  they  are  increased  in 
pregnancy,  and  Afanassiew  in  condtiions  of  regeneration  uf  the  blood  [( Gibson's  view  i*.  that  these 
Uood  plaic>,  which  he  calls  cohrUss  microcytes,  are  derived  from  the  nucleus  of  young  red  blood 
corpuscles,  or,  occasionally  from  the  nitcleua  of  white  corpuscles.] 

[Aa  io  the  kamaitfA/asti,  or,  as  thty  have  also  \t-:x\  called,  the  "  globules  of  Donn6"  by 
Pouchei,  there  seems  to  be  some  confujiion,  for  both  colored  and  colorless  granules  are  described 
under  the^  names.  As  Gibst>n  sugt;eM!t,  the  former  are,  perhaps,  parts  of  disintegrated  colored 
corpuscles,  whilst  the  latter  arc  the  blootl  platfs.] 

[The  "invisible  blood  corpuscles''  described  by  Norrts  seem  to  be  simply  decolorized  red 
corpuscles  [//art,  Gihsott).'\ 

III.  Elementary  Granules. — Blood,  especially  after  a  microscopic  prepara- 
tion has  hecn  made  for  a  short  time,  is  seen  to  contain  elementary  granules 
(Fig.  7,  F),  [i.e.,  the  elementary  particles  of  Zimmermann  and  Tiealc.  They  are 
irregular  bodies,  much  smaller  than  the  ordinary  corpuscles,  and  appear  to  consist 
of  masses  of  protoplasm  detached  from  the  surface  of  leucocytes,  or  derived  from 
the  disintegration  of  these  corpuscles,  or  of  the  blood  plates.  Others,  again,  are 
completely  spherical  granules,  either  consisting  of  some  proteid  sul>stance  or  fatty 
in  their  nature.  The  protoplasmic  and  the  proteid  granules  disappear  on  the 
addition  of  acetic  acid,  while  the  fatly  granules  (which  are  most  numerous  after  ^ 
diet  rich  in  fats;  dissulve  in  ether]. 

[Gibstm  is  of  opinion  that  some  of  the  gmnules  are  fragments  of  brolccn-Jown  red  corituvcles. 
lie  catU  ihctn  toioret/  miirotyin,  and  considers  them  as  representing  one  Mage  of  Ilayem's  kenuto- 

blast^.] 

[It  seems,  then,  that  ir»  addition  to  the  red  and  white  corpuscles,  there  are  two 
distinct  elements  in  shed  blood,  one  the  color f tl  microcyU  of  Gibion,  derived  from 
broken-down  red  corpuscles,  and  the  other  the  blood  \A\iXt?>  ox  colorkss  mii-rocyte.^ 

[When  the  blood-forming  process  is  particularly  active,  "nucleated  colored 
corpuscles/'  or  the  *'  corpuscles  of  Neumann,"  are  sometimes  found  in  the 
blood.  They  are  identical  with  the  nucleated  colored  blood  corpuscles  of  the 
fietus,  being  somewhat  larger  than  the  non-nucleated  colored  corpuscle  (§  7).] 

IV.  In  coagulated  blood,  delicate  fibrils  or  threads  of  fibrin  (Fig.  7,  E,  and 
10,  6,  7,  8)  are  seen,  more  especially  after  the  corpuscles  have  run  into  rouleaux. 
At  the  nodes  of  these  fibres  are  found  granules  which  closely  resemble  those 
dest:ribed  under  II.  [These  granules  and  fibres  are  stained  by  magenta  and 
iodine,  but  not  by  carmme  or  picrocarmine  (^Hanvut).'\ 

10.  ABNORMAL  CHANGES  OF  THE  RED  AND  WHITE  BLOOD  COR- 
PUSCLES. — ( I  \  All  hemorrhages  diminish  the  number  uf  red  corpuscles  (at  must  one. half), 
and  sfi  (bicfi  mfrntrualum.  The  lo^s  is  partly  cohered  by  the  absorption  of  lliiid  from  the  tissues. 
MeiiMruatiun  shows  u^  that  a  niodenic  loss  of  red  corpuiiclcs  is  replaced  wtthtn  Iwcnty-ei^ht  days. 
Wtien  a  lar^e  aiiioutit  uf  blood  is  lost,  so  that  all  the  vital  processes  are  lowered,  the  lime  may  be 
extended  to  hvK  weeks.  In  iwute  fevers,  as  the  tem[>crature  increaxef^,  the  nuinlwr  of  re<i  corpusclrs 
diminishes,  while  the  «'^///corpUNcIcs  increase  in  number  (^ief^e/ tinU  Si'ekmann,  Nittto). 

tty  greatly  cooling  |)enphtral  parts  of  the  body,  as  \yy  keeping  the  hand.<^  in  ice<l  water,  in  Aome 
individual'*  poiwcssiny  rfcl  blood  coqiu<icles  of  l-iw  resi-Hting  ptmer,  thsse  cnrpuKlcs  arc  dissolved, 
the  blw^d  pln>ma  is  reddened,  and  even  h.eni(ji;Iobinuria  (^  265]  may  occur  {Liehtheim.  fii>aj). 

Diminished  production  uf  new  red  coqm^iclcs  causes  a  dccreaAc,  since  binod  corpuscles  are 
continually  Ijcinji  used  up.  In  cktoroiu gir/s  thtrc  scctus  to  be  a  congcnit^il  weakness  in  the  blood- 
forming  niid  blocid  propelling  apparatus,  the  c.iu»e  uf  which  is  to  be  sought  for  \\\  some  faulty  con- 
tliiion  of  the  mcsnblast.  In  ihemthc  hc^rt  and  the  blood  vessels  ate  small,  and  the  ati>alute  number 
of  corjMWclcs  may  be  diminished  one  half,  although  the  rehiivr  number  may  be  retained,  while  in 
the  corpuscles  themselves  llie  hiemoglobin  is  ointinished  almost  one-tbird  (Oitman,  QainrAe\ ;  but 
it  rutes  a^ain  alter  the  admiitLslraiion  of  iron  [//ayeru).  The  administration  of  imn  increase*  the 
amuunt  nf  h.eni'>j;lol>in  in  the  blood  (Seher/>/).  'I  he  amount  of  iron  in  the  bloixl  may  be  diminished 
unc-linlf.     [  1  he  iictlon  of  iron  in  aniemic  persons  has  been  known  since  the  time  of  Sydenham. 
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Haycm  altio  lindit  thai  in  certain  forms  uf  anxmia  tbere  is  conaidtrrable  variation  to  the  st'tf  of  the 
red  cuqiuscles,  and  thai  in  chronic  anicmia  the  mean  diameter  of  the  corpuscles  is  always  less  than 
iKknnal  (7  /t  to  6  ft).  There  is,  moreover,  a  ptrsiilcnt  alteration  in  llic  t^o/umr,  (^jhring  fini'er,  and 
€9ntijttn(t  of  the  crtrpuscles,  consequently  a  want  of  accord  between  the  numbtr  of  the  coq)Usclei 
And  ihelr  coloring  [kiwct,  f.  ^.,  the  amount  uf  h:ano^lot>in  which  they  contain,  as  was  [^x>intcd  out 
by  Jnhano  Duncan.]  In  S'y-zzWrA. pemicii^ux  atuemia,  in  uhich  the  cuniinued  decrease  in  the  red 
corpuKles  may  ultimately  pfoduce  death,  there  is  undoubtedly  a  severe  oiTcaion  of  the  bloodfann- 
ing  appaia'Ds.  The  corpuscles  as^iume  many  aiinttrmai  axkA  liiuirre  forms  imicrocylcs),  oflen  beini^ 
Q%al  iir  tailed,  irrei;ularly  shaped,  and  sometimes  very  pale  ;  while  numerous  cells  conlaininn  blood 
coqruiclcs  are  found  in  the  marrow  of  bone  (/*iWj).  Curiou&ly  enoui;h,  in  this  diaea&c,  although 
the  red  blood  corpuscles  arc  iliminLshcd  in  niimtscr,  M>mc  may  lie  larger  and  contain  more  harmo- 
glnbin  than  do  nonnal  corpuscles  ( LmtcA^).  The  nunibrr  of  colored  corpuscles  is  al-o  diminished 
in  chronic  poisoning  by  lead  or  miasmata,  and  a]>o  by  the  poison  of  syphilis. 

(i)  Abnormal  forms  of  the  red  corpuscles  have  been  observed  after  severe  Inims  {Lrtaer);  the 
corpuscica  are  much  smaller,  and  under  the  influence  of  the  heat  paTticlca  seem  to  Imt  detached 
inxn  th«-m,  ju!«t  a^  can  be  seen  liappeimig  under  the  microscope  as  the  cfTect  of  heat  ( Weriheim). 
DtsiHtrgraium  of  the  eofftusclfs  into  6ne  droplets  has  l)een  •  bscrvcd  in  various  diseases,  as  in  severe 
malarta]  fevers.  The  dark  granules  of  a  pigment  closc'y  related  to  bamtahn  arc  derived  from  the 
gtaitulcs  ari^mg  fmrn  tlie  dt-tiniegrailon  of  ihe  blooil  curpuscle«,  and  !hcse  particles  float  in  the  blood 
(  MeUnsemiai.  Tliey  are  portly  absorlKd  by  the  colorless  coqMisctes,  but  ihey  are  also  deposited 
in  the  spleen,  liver,  brain  and  bone  mzxxQvr  {Arnstein).  SomcHmcs  the  rej  corjjuscles  are  ab- 
normally io/t,  and  readily  yield  to  pressure. 

The  white  corpuscles  are  enormously  incrcued  in  numl^r  in  LeukKinia  (J.  //.  Ben  net  and 
l-'irrAtnt/) ;  sometimes  even  to  the  extent  of  the  red  corpu5clfs.  In  >omc  cases  the  blood  looks  as 
if  it  were  mixeii  with  milk  The  colorlc^^  corpuscles  seem  to  Le  furmtrd  chiefly  in  bone  marrow 
(£.  jy/fumariM),  but  also  m  the  spleen  and  lymphatic  glands  (myelt^fnic,  Hplenic  and  lymphatic 
Icukiirmia). 

IX.  CHEMICAL  CONSTITUENTS  OF  THE  RED  BLOOD 
CORPUSCLES.— (t)  The  coloring  matter  or  haemoglobin  (lib) 
(Hxmatoglubuliti,  Haeinatotrystallin),  is  ihc  cause  of  the  red  color  of  blood  ;  it 
also  occurs  in  iniisclc,  and  in  traces  tn  the  fluid  part  of  blood,  but  in  this  last  case 
only  as  Ihe  result  of  the  solution  of  some  red  corpuscles.  hf> percentage  compoii- 
tion  is:  C  53.85,  H  7. 32,  N  16.17,  ^^  0-42,  S  0.39,  C)  21.84  (dug).  Its  rational 
formula  is  unknown,  but  Preyt;r  gives  the  empirical  formula  C^^^y  H^ap,  N,.-^, 
pV,  Sg,  O,  ,g.  AUhotigh  It  is  a  colloid  substance  it  crysiallizes  t  Hunrf/iti^  18^0, 
R^Ukcri)  in  all  classes  of  vertebrates,  according  to  the  rhombic  system,  and 
chiefly  in  rhombic  plates  or  prisms;  in  the  guinea  pig  in  rhombic  tetrahedra 
(r.  I'Ung) ;  in  the  s<]nirrel,  however,  it   yields  hexagonal  plates.     The  varying 


fomis,  perhaps,  correspond  to  slight  differences 
in  the  chemical  comfKJsition  in  different  cases. 
Crystals  seiwraie  from  the  blood  of  all  classes  of 
vertebrata  during  the  slow  evaporation  of  lake- 
colored  blood,  but  with  varying  facility  (Fig.  ii). 

The  coloring  mailer  cryitallizes  ver)*  readily  from  the 
blood  of  man,  do^,  mouse,  guinea  pig,  rat,  cat,  hctlgchof;, 
burse,  ra]>hit.  birds,  (i^hes;  with  ditliciiliy  from  that  of  the 
ahcrp,  ox  and  pig.  Colored  cryxtaU  are  not  obtninefl  from 
Uie  blood  of  the  m>g.  Mure  rarely  a  crystal  is  formed  from 
A  MH^ile  curpuivcle  enclosing  the  stroma.  Crystals  hate  lieen 
f'.'Und  near  the  nucleus  of  the  large  corpu^lcs  of  fishes,  and 
in  this  class  of  vertebrates  colorless  crystals  h.ive  t>ecti 
otj«crved. 

Haemoglobin  crystals  are  doubly  refractix^e  and 
phiiihromatic ;  they  are  bluish  red  with  trans- 
mitted light,  scarlet-red  by  rellected  light.  They 
contain  from  3  to  9  per  cent,  water  of  crystalli/a- 
lioo,  and  arc  soluble  in  water,  but  more  so  in 
diilute  alkalies.  They  are  insoluble  in  alcohol, 
ctbcr,  chloroform,  and  fats.  The  solutions  are 
dichruic;    red    m    reflected    light,   and  green    in 
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transmitted  light.  [I'he  solutions  are  readily  decomposed  by  boiling,  while  they 
are  i)recipitated  by  mineral  acids,  alcohol,  and  acetic  acid.] 

In  the  act  of  cryslo! ligation  the  hiwmoglobin  seems  to  undergo  some  inlcriial  change.  Before  U 
cryMalli/es  it  does  not  difTuse  hkc  a  true  colloid,  and  it  also  rapidty  dccompostrs  hydric  peroxide. 
If  it  be  redissolved  after  crystallization,  it  diflfufics,  although  only  to  a  small  extent,  liut  it  no  longer 
decomposes  hydric  peroxide,  and  is  decoloriicd  by  it.  A  body  like  an  acid  is  deposited  from 
Ki'moglobin  at  ihe  positive  pole  of  a  bAiiery,     [The  presence  of  O  favors  cr^ntalUMlion.] 

[Hemoglobin  exists  in  two  states,  either  as  reduced  haemoglobin,  /.  r,  free 
from  oxygen,  or  as  oxyh.'emoglobin.  The  former  is  non-crystalline.  They  differ 
in  their  color  and  spectra  ;  §  15] 

X9.  PREPARATION    OF   HEMOGLOBIN    CRYSTALS.- Method   of  RoUett.^ 

place  dcfibriuatcd  bliMid  in  a  platinum  capsule,  allow  the  caps^ule  and  the  blood  In  freeze  by  placing 
them  in  a  freezing  mixture,  and  then  (gradually  to  thaw ;  pour  the  lake-colored  blood  into  a  plue, 
until  it  fortn»  a  stratum  not  more  than  i)^  mm.  in  thtcknois,  and  allow  it  to  evaporate  slowly  in  a 
coal  place,  when  cryMnls  will  separate. 

Method  of  HoppeSeyler. — Mix  defibrinated  blood  with  lo  volumes  of  a  20  per  cent,  iait 
solution,  and  allow  it  to  stand  for  two  days.  Kcmovc  the  clear  upper  fluid  with  a  pipcltc.  wakh  the 
thick  Jepo&ii  of  blood  corpuscles  with  water,  and  aficrwaid  shake  it  for  a  kni^  lime  with  an  equal 
volume  of  ciher,  which  dissolves  the  blood  corpuscles.  Remove  the  ether,  Hlier  the  lake-colored 
blood,  add  to  it  ^  of  its  volume  of  cold  (0°)  alcohol ,  and  allow  the  mixture  to  stand  in  the  cold 
for  seveial  days.  The  numerous  crystals  can  be  coUeaed  on  a  filter  and  pressed  between  folds  of 
blotiin^  paper. 

Method  of  Gachetdlen. — Crystals  several  centimetres  in  length  were  obtained  by  taking  de- 
fibrinated blood  which  had  heen  exposed  for  Iwcntyfour  hours  to  the  air,  and  kL-cptng  it  in  a  closed 
iuIk:  of  narrow  calibre  fur  several  days  at  37*  C.  When  the  blood  is  spread  on  glass,  the  cr^'Stals 
form  rapidly.      [Vaccine  luhcs  answer  very  well.] 

[Method  of  Sterling  and  Brito  — It  is  in  many  cases  sufhcienl  to  mix  a  drop  of  blood  with 
a  few  drops  of  water  on  a  microscopic  slide,  and  10  seal  up  the  preparation.  After  a  few  days 
beautiful  crystals  arc  developed.  The  addition  of  water  to  the  blood  of  some  animals,  such  as  the 
rat  and  the  guinea  pig,  is  rapidly  followed  by  Ihe  formation  of  crystalsof  hicmogloltin.  Very  larj^e 
crystals  may  be  obtained  from  the  stomach  of  the  leech  several  days  after  it  has  sucked  blood.] 

13.    QUANTITATIVE    ESTIMATION     OF     Hi<EMOGLOBlN.  — (d)    From    Ihe 

Amount  of  Iron. — As  dry  (160°  C.)  haimoglobin  contains  04.2  percent,  of  iron,  the  amount  of 
iron  may  be  calculated  from  the  amount  of  hsemoglobin.  If  m  represents  the  percentage  amount 
of  metallic  iron,  then  the  percentage  of  haemoglobin  in  blood  is 

100  m 


042 
The  {voccdure  is  the  following:     Calcine  a  weighed  quantity  of  blood,  and  exhaust  the  ash  with 
HCI  to  obtain  ferric  chloride,  which  is  transformed  into  ferrous  chloride.     The  solution  is  then 
titrated  with  potassic  permanganate. 

(6)  Colorimetric  Method.— Prepare  a  dilute  watery  solution  of  hxmoglobin  cryttats  of  a 
known  strength.  With  this  comfMire  an  aqueous  dilution  of  the  blood  to  be  investigated,  by  adding 
water  to  it  until  the  color  of  the  test  solution  is  ohtained.  Of  course,  the  solutions  must  be  com- 
pared in  vessels  with  parallel  sides  and  of  exactly  the  same  width,  so  as  to  give  the  same  thickness 
of  fluid  {Hvf-pe  SfyUr).  [In  the  vessel  with  parallel  sides,  or,  hcematinometer,  the  sides  are 
exactly  ifne  centimttre  apart.  InMcad  of  using  a  standard  solution  of  oxyhiemogtobin,  a  solution 
of  picrocarminatc  of  ammonia  may  be  used  (K'a/'riL'sity,  Afa/ajsrz).'\ 

(r)  By  the  Spectroscope. — Prcycr  fouiid  that  an  o.S  per  cent,  watery  solution  (i  cm.  thick), 
allowed  the  red,  the  yellow,  and  the  tirst  strip  of  green  to  be  seen  (Kig.  14,  i ).  Take  the  blood  In 
be  investigated  (abiDUt  0.5  cm  J,  and  dilute  it  with  water  until  it  shows  exactly  the  same  optical 
effects  in  the  spectroscope.  If  -f  is  the  percentage  of  Hb,  which  allows  green  lo  pass  through  (o  8 
per  cent.),  A,  the  volume  of  blood  investigated  (alxiut  0.5  cm.),  w,  the  necessary  amonnl  of  water 
added  Lo  dilute  it,  then  x  =:  the  percenlage  of  lib  in  the  blood  lo  be  iovesligated — 


1l  is  very  convenient  to  add  a  drop  of  caustic  potash  to  blood  and  then  to  shake  it  up  with  CO. 

[(d')  The  HKmoglobinometer  of  Cowers  i.s  used  for  the  clinical  estimation  of  hxmoglobin 
(Fig.  12).]  "The  lint  of  the  dilution  of  a  given  volume  of  blood  with  distilled  water  is  taken  as 
the  index  of  the  amount  of  harmoglobin.  The  distilled  water  rapidly  dissolves  out  all  the  hieino- 
globin,  as  i«  shown  by  the  (ad  that  ihc  lint  of  the  dilution  under^jocs  no  change  on  standing.  The 
color  of  a  dilution  of  average  normal  blood  one  hundred  times  is  taken  as  the  standard.  Tlie 
quantity  of  ha-moglobin  is  indicated  by  the  amount  of  distilled  water  needed  to  obtain  the  tint  with 
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the  »«nie  volume  of  Wood  under  examiiiotion  as  was  taken  of  the  Kiandard.  On  account  of  the 
instability  of  a  Mandard  dilution  of  blood,  tinted  glycerine  jelly  is  employed  initead.  Iliis  is  per- 
{cdly  slolile,  and  by  means  of  carmine  and  picrocarmine  the  exact  lint  of  diluted  blood  can  bc 
obtained.  The  apiwmtiu consists  of  two  glass  lubes  of  exactly  the  same  si/.e.  One  contains  (D|  a 
standard  of  the  lint  of  a  dilution  of  20  cubic  mm.  of  blood,  in  two  cubic  centimetres  of  water  ( 1  in 
100).  The  second  lube  {C)  i%  graduated,  100  dr^p^ees  =  3  cenlimclrcs  ( loo  times  20  cubic  milli- 
metres). The  20  cubic  millimetres  of  blood  arc  measured  by  a  capiltan*  pipette  (B)  (simdar  to,  but 
larger  than,  that  ased  for  the  hcemacytometer.  |  This  quantity  of  the  blood  to  be  tested  is  ejected  into 
the  buitum  of  the  tube,  a  few  dmpii  of  distilled  water  being  timt  placed  in  the  latter.  The  mixture 
is  rapidly  agitated,  to  prevenl  the  coagulation  of  the  blood.  The  distilled  water  is  then  added,  drop 
by  drop  (from  the  pipette  stopper  of  a  bottle  (A)  supplied  fortlml  pufpo^e)  until  iheiint  of  the  dilution 
is  the  same  as  that  of  the  sinnclanl,  and  the  amount  of  water  which  ha;*  been  added  {i.  e.,  the  degree 
of  dilution)  indicates  the  amount  of  hnrraogluhin. 

*'  Since  average  normal  blood  yields  the  (ini  of  the  standard  at  100  degrees  of  diluliun,  the 
number  of  degrees  of  dilution  ntccssary  to  obtain  the  same  tint  with  a  given  specimen  of  blood  is 
the  percentage  proiKirtion  of  the  hfemoijlobin  contained  iu  it.  coaijiarcd  to  the  normal.  For  instance, 
the  so  cubic  millimetres  of  blood  from  a  patient  with  anxmia  gave  the  standard  tint  of  30  degrees 
of  diluiiuo.  Hence  it  contained  only  30  per  cent,  of  (he  nurmaL  quantity  of  h^Hnojijlubin.  Dy 
ascertaining  with  the  harmacytometer  the  corpuscular  richness  of  the  blood,  wc  are  able  to  compare 
the  two.     A  fraction,  of  which  the  numerator  is  the  percentuce  of  hemoglobin,  and  the  denomi- 

Fia  12. 


A,  pipeite  bonle  fnr  dutilled  witer ;    B,  capillary  pipeue 
buKct  Iw-finckinK  the  fiagcr. 


C.  liraduated  tube;    D,  cube  wldk  standard  dtlutioa;    F. 


nalor  the  percentage  of  corjiusclcs.  gives  at  once  the  average  value  per  corpuscle.  Thus  the  blood 
■Mti^oned  above  containing  30  per  cent,  of  hfcmoplobin,  contained  60  per  cent,  of  corpuscles ; 
hence  the  averse  vnlue  of  each  corpuscle  was  JJ[  or  \  of  the  normal.  Variations  in  the  amount  of 
luroK^lobin  may  tie  recorded  on  the  same  chart  as  that  employed  fur  the  corpuscles. 

**  In  using  the  instriiment,  the  lint  may  be  estimated  by  holding  the  lubes  between  the  eye  and  the 
window,  or  by  placing  a  piece  nf  white  paper  behind  the  tubes;  the  former  is  {lerhaps  the  best. 
Care  must  be  taken  that  tiie  tubes  arc  always  held  in  the  line  of  light,  not  beloM'  it.  In  tlie  latter 
case  some  tight  is  reflected  from  the  susnended  cfiqiuscles  from  which  the  hii>moglobin  has  been  div 
•olved.  If  the  value  of  the  curpii<>cle.<t  i>  small,  then  a  pcrcc{)tihly  paler  lint  is  seen  when  the  tubes 
are  held  bet<<w  the  line  of  illumination.  If  all  the  light  is  tran<^miued  directly  through  the  tubes, 
the  cort>usclcs  do  not  interfere  with  the  lint.  In  practice  it  will  be  found  that,  during  sixorciglil 
degrees  of  dilution,  it  is  tlifticull  to  di^iaguijih  a  dificrence  between  the  tin)  or  the  tut»rs.  It  ii 
iherrfnre  nccev^ry  in  n'lie  the  degree  ai  which  the  color  of  ihe  dilution  ceases  lobe  deeper  than  the 
standard,  and  al^o  that  at  which  it  is  distinctly  paler.  The  degree  midway  between  these  two  will 
reprcsriil  ihe  kiruu^globin  percentage. 

"The  inMrument  is  only  expected  to  yield  approximate  results,  accurate  within  two  or  three  per 
ant.     It  hoi,  however,  been  found  of  much  utility  in  clinical  observation.'' 

The  amount  of  haemoglobin  in  man  is  13.77  P^i*  ^^"t.,  in  the  woman  13.59  per 
cent.  (_/.  G.  Ot/),  during   prcgnanry  9  to  1 2  per  cent.  i^Prtycr).     According  to 
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Leichtenstern,  Hb  is  in  greatest  amonnt  in  (lie  blood  of  a  newly-born  infant,  but 
after  ten  weeks  the  excess  disap])f3rs.  Between  six  months  and  five  years  il 
becomes  least  in  amount,  reaches  its  second  highest  maximum  between  twenty-one 
and  forty-five,  and  then  sinks  again.  From  the  ttnth  year  onward  the  blood  of 
the  female  is  poorer  in  Hb.  The  taking  of  food  causes  a  temporary  decrease  of 
the  Hb,  owing  to  the  dilution  of  the  blood. 

Pathological. — A  decrease  is  oti&crvabic  during  recovery  from  febrile  conditions,  and  also  during 
phthisic,  cancer,  ulcer  of  the  stomacli.  cardiac  di&ease,  chronic  diseases,  chlorosw,  lenkxinia,  perni- 
cious anxmia,  and  durinf;  the  rapid  mercurial  trcaiment  of  syphilitic  perKins. 

14.  USE  OF  THE  SPECTROSCOPE.— As  the  spectroscope  is  frequently  used  in  the  in- 
vesligatii)ti  of  bloo^i  and  otlier  siibst-inces  of  the  body,  it  will  be  convenient  lo  give  a  short  descrip- 
lion  of  the  inMrumeni  here  ( Fig.  13).  It  cansist-s  of  {t]  a  tul>c,  A.  which  has  at  its  peri()hcrai  end 
a  s/i/,  S  (thai  can  be  narrowed  or  wideni^d].  At  the  other  end  a  a\!Uctin'^  /rnsy  C  (called  a  colli- 
ronlor),  is  placed,  so  that  lis  focus  is  in  exact  line  with  the  slit.  Li^ht  (from  the  sun  w  a  lamp) 
passes  through  the  slit,  and  thus  goes  parallel  through  C  to  (3)  the  prinn,  P,  which  decomposes 
the  parallel  rays  into  a  colored  spectrum,  r,  v.  (3)  An  asironoinical  telescope  is  directed  lu  ttic 
spectrum,  r,  v,  and  (he  observer,  B,  with  the  aid  of  the  telescope,  sees  the  spectrum  raagnilied  from 

Fig.  13. 


Scheme  of  a  ^pcctriMcopc  for  otMcrving  ihc  cpectnim  tX  blood.      A.  lube :    5t,  «Iii ;  m  m,  byct  of  blood  with  (Lme 
in  front  of  it ;  P,  pn*m  ;  M ,  Scal«  ;  U,  ey«  of  ob»crv«r  looking  through  a  telpicope  ;  r,  r,  spectrum. 

six  to  eight  times.  (4)  A  third  lube,  D,  contains  a  delicate  scale.  M,  on  f;lass,  whose  image,  when 
illuminated,  is  reflected  from  the  prism  to  the  eye  of  the  oliserver,  so  that  he  sees  the  spectrum,  and 
over  and  above  it  the  scale.  Tn  kfcp  out  other  rays  uf  light  the  inner  ends  of  the  three  lubes  are 
Covered  by  metal  or  Iw  a  dark  cloth  (see  also  \  265  |. 

['ITie  micro- specf rosea pc,  e^.,  that  known  as  the  '■  Surby-Browning"  micro  spectroscope,  may  be 
use)  when  small  quantities  of  a  soluiinn  are  to  be  examined.  While  (be  corresponding  instrument 
of  Zeiss  is  also  most  admirable.] 

[Kvery  spectroscope  ought  to  give  two  spectra,  so  that  the  position  of  any  alfsorption  Imnd  may  be 
definitely  ascertained.  The  specimscope  ts  tiued  into  the  ocular  end  of  the  ttihe  of  a  microscope 
instead  of  the  c»e  piece.  Small  cells  for  containing  the  Rutd  to  l>e  examined  are  made  from  short 
pieces  of  b-immPiT  tubes  cemented  to  a  piece  of  glass.] 

Absorption  Spectra.— If  a  colored  medium  f/.r-,  ^  stdutton  of  blood)  lie  placed  between  the 
slit  and  a  source  of  light,  all  the  rays  of  colored  light  do  nr>t  pass  through  it— some  are  absorbed  ; 
many  yellow  rays  are  alisorbed  W  blood,  hence  that  part  of  the  spectrum  8p|>rars  dark  lo  the 
observer     On  account  of  this  abs  irplion,  such  a  si>ectrum  is  called  an  "  absorption  jpe^trum." 

Flame  Spectra.— If  mineral  substances  be  burned  on  a  platinum  wire  in  a  non- /umim>mj  flame 
(Bun'cn's  burner  |  in  front  of  the  slip,  the  elements  present  in  ihe  mineral  or  ash  give  a  special  colored 
hand  or  bands,  which  have  a  definite  position.  .Sodium  gives  a  yellow,  potassium  a  red  and  a  violet 
line.     These  substances  are  found  in  burning  the  ashes  of  almost  ail  organs. 
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If  sunlight  lie  atlowed  to  fall  upon  the  slit,  the  sftectrum  khnws  a  tar[^c  nuntlier  of  lines  {Frattn- 
knfer's  linti)  which  iKcupy  dermitc  positions  in  the  colored  s[>cclniin.  I'Iicm:  liues  are  indicated  by 
the  U-tte-rt  A.  R.  C.  I),  tic.  a,  b,  t,  etc.  (Fig.  14), 

15.  COMPOUNDS  OF  HiCMOGLOBIN  WITH  O;  OXYHiE- 
MOGLOBIN     AND     METHyEMOGLOBIN.— i.    Oxyhacmoglobin 

(^OjHbj  behaves  as  a  weak  acid,  and  occurs  to  the  txtent  of  86.  78  lo  94.30  per 
cent,  in  dry  human  red  corpust  les  {Ji'tiieU).  It  is  formed  very  rtadily  whenever 
Hb  comes  into  contact  with  O  or  atmospheric  air.  1  gramme  Hb  unites  with 
i.ao2  cubic  centimetres  of  O  at  o^and  1  metre  Hg  pressure  {^Hufner).     Oxyhaemo* 


Fig.  14. 
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globin  is  a  very  hose  chemUa!  compountf,  and  is  slightly  less  sohible  than  Hb; 
its  spectrum  shows  in  the ytf/Zinv  and  the  ^^ret^n  hvo  tiark  absorption  bands  {.lioppe- 
Seyifr)  whose  length  and  breadth  in  an  o.  18  per  cent,  sohition  are  given  in  Fig.  14 
(jV     [If  the  solution  be  very  weak,  only  the  narrow  band  near  1)  is  obtained.] 

[The  two  absorption  bands  lie  between  the  lines  D  and  K,  the  band  nearer  D 
being  more  sharply  defined  and  narrower  than  the  second  band,  which  is  wider 
and  less  clearly  marked  off,  and  lies  nearer  E.] 

It  occurs  in  the  blood  corpuscles  circulating  in  arteries  and  capillaries,  as  was 
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shown  by  the  spectroscopic  examination  of  the  ear  of  a  rabbit,  of  the  prepuce, 
and  the  web  of  the  fingers  {VUrordt^. 

Reduction  of  Oxyhemoglobin. — It  gives  tip  its  O  very  readily,  hovrever, 
even  when  means  which  set  free  absorbed  gases  are  used.  It  is  reduced  by  the 
removal  of  the  gases  by  the  air  pump,  by  the  conduction  through  its  sohition  of 
other  gases  (CO  and  NO},  and  by  heating  to  the  boiling  point.  In  the  circulating 
blood  its  0  is  very  rapidly  given  up  to  the  tissues,  so  that  in  suffocated  animals 
only  reduced  hicmoglobin  is  found  in  the  arteries.  Some  constituents  of  the  scrum 
and  sugar  use  up  O.  By  adding  to  a  solution  of  oxyha;mogU»bin  reducing  sub- 
stances— e.g.,  ammonium  sulphide,  ammoniatcd  tartarate  of  zinc  oxide  solution, 
iron  filings,  or  Stokes's  fluid  [tartaric  acid,  iron  protosulphate  and  excess  of 
ammonia] — the  two  absorption  bands  of  the  spectrum  disappear,  and  reduced 
hcemoglobin  (gas  free)  (Fig.  14,  4),  with  one  absorption  band,  is  formed  (Stokes^ 
1S64).  [The  singie  band  which  is  obtained  from  reduced  haemoglobin  lies  between 
D  and  E.  and  its  most  deeply  shaded  portion  is  opposite  the  interval  between  the 
two  bands  of  oxyhaemoglobin.  Its  edges  are  less  sharply  defined.  The  color  of 
the  blood  changes  from  a  bright  red  to  a  brownish  tint.  Hoppe-Seyler  applies 
the  term  Hiemogiobin  to  the  reduced  substance,  to  distinguish  it  from  oxyhemo- 
globin.] The  two  bands  are  reproduced  by  shaking  the  reduced  haimoglobin  with 
air,  whereby  OjHb  is  again  formed.  Solutions  of  oxyhremoglobin  are  readily 
distinguished,  by  their  scarlet  color,  from  the  purplish  tint  of  reduced  haemoglobin. 

If  a  string  be  lied  round  the  base  of  two  fingers  so  as  to  interru]]!  the  circulation,  the  spectro- 
scopic cxaminatiot)  show»  that  the  oxyhiemoglubin  rapdly  pisses  into  redticed  Hb  (  Vierordt). 
Cold  del.iys  (his  rcduciion  {Fi/ekne),  it  is  accelerated  in  yuiiih,  <luring  muscular  aaiviiy,  or 
by  suppressed  respiration,  and  usually  also  during  fever  {Denntu^). 

The  spcclroscopic  examination  of  snudi  blood  stains  is  often  uf  the  utmost  forensic  importance. 
A  minimal  drop  is  sufficient.  Dissolve  the  slain  in  a  few  drups  of  di.siilted  water,  and  place  in  a 
Ihtn  glass  lube  in  front  of  the  slit  of  the  spectroscope. 

[Haemoglobin  ha.s  certain  remarkable  charactera  : — 

(^i)  Although  it  is  a  crystalloid  body  it  diffuses  with  dtFiiculty  through  an 
animal  membrane,  owing  to  the  large  size  of  its  molecule. 

(2)  It  readily  combines  with  O  to  form  an  ut^stable  and  ioose  chemical  com- 
pound, oxyhftmoglobin. 

(3)  This  O  it  gives  up  readily  to  the  tissues  or  other  deoxidizing  reagents. 

(4)  Its  composition  is  very  complex,  for  in  addition  to  the  ordinary  elements 
present  in  proteids,  it  contains  a  remarkable  amount  of  iron  (0.4  per 
cent).] 

2.  HleX\\X:mo%\oh\n  {Noppe  Seyter)  \%  a  more  stable,  crystalline  compound. 
It  contains  the  same  amount  of  O  as  OjHb,  but  in  a  different  chemical  union, 
while  the  O  is  also  mare  firmly  united  with  it  {Kii/z,  Nu/ner,/.  G.  Ott).  It  shows 
/<7wr  absorption  bands  like  haiinalin  in  acid  solution  (Fig.  14,  5),  of  which  those 
between  C  and  D  arc  distinct;  the  second  is  very  indistinct,  while  the  third  and 
fourth  readily  fuse,  so  that  these  last  are  only  well  seen  with  good  ap[>aralus. 

Methiumoglobin  ts  only  fonncd  from  hulutions  of  Hb,  and  not  within  the  bloai  corpuscles 
[v  Mering\.  \\  is  pro4luce<l  sponlAneou&ly  in  old  brown  blood  Mains,  in  the  Crusts  of  bloody 
wounds,  in  blood  cysts,  and  in  bloody  urine.  It  is  2\sr>  foimcd  by  ihc  addition  of  mmuit  traces  of 
acid  to  blood,  ur  by  healing  blood  with  a  trace  of  nl|(.ili.  (_.1]cinica)ly,  it  can  tie  prepared  in  a  tola- 
lion  of  lib.  by  ihe  action  of  poiaasic  femcyanide  {jUtierholm)  or  jiolassic  chlorate  (^Marchand)^ 
[or  by  adding  to  a  solution  of  Hb  a  freshly- prepared  solution  of  potassic  permanganate]. 

If  a  trace  of  ammonia  be  added  to  a  solution  nf  mcth.Tmoglobin,  it  gives  an  alkaline  solution  of 
mcthivnioi;Uibin,  which  shows  iwn  bands  Mke  oxyh.-emoglnbin,  of  which  the  tirxi  one  is  the  br»>a'lcr, 
and  extends  more  into  the  red.  If  ammonium  sulphide  be  added  to  the  meih.eaioglobia  solution, 
reduced  Hb  is  formed. 

16.  CARBONIC  OXIDE  Hi^MOGLOBIN  AND  POISONING 
WITH  CO. — 3.  CO-Hsemoglobin  is  a  more  islablc  rhemical  compound  than 
the  foregoing,  and  is  produced  at  once  when  carbonic  oxide  is  brought  into  con- 
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tact  with  pure  Hb  or  O^Hb  (  C/.  Bcrnanl,  18^7).  It  has  an  intensely  florid  or 
^h^rry-red  coXoT^  and  gives  two  absorption  bands,  very  like  those  of  OjHb,  but 
they  are  slightly  closer  together  and  lie  more  toward  the  violet  (Fig.  14,  3). 
Reducing  substances  (which  act  upon  HbO.^)  do  not  affect  these  bands,  /*.  ^., 
ihey  rannot  convert  the  CO  compound  into  reduced  Hb.  Another  good  test  to 
distinguish  it  from  HbO^  is  the  soda  test.  If  a  to  per  cent,  solution  of  caustic 
soda  be  added  to  a  solution  of  CO-Hb.  and  heated,  it  gives  a  cinnabar-red  iolor ; 
while,  with  an  HbO^  solution,  it  gives  a  dark  brown,  greenish,  greasy  mass 
i^Hoppf-SeyUr).  Oxidizing  substances  [solutions  of  potassic  permanganate  (0.025 
per  cent.),  potassic  chlorate  (5  per  cent.),  and  dilute  chlorine  solution]  make 
solutions  of  CO-Hb  cherry-red  in  color,  while  they  turn  solutions  of  O^Hb  pale 
yellow.  After  this  treatment  both  solutions  show  the  absorption  bands  of 
inethaemoglobin,  but  those  of  the  CO-Hb  appear  considerably  later.  If  ammo- 
nium sulphide  be  added,  O.^Hb  and  CO-Hb  are  reformed  (77/.  Weyl  and  r. 
Anrep). 

On  account  of  its  staltility,  CO-Hli  rvsUts  enlLTiial  influences  and  even  putrefaction  for  a  long 
time  {f/opfif  Scy/er)^  and  the  two  t>ands  of  the  spectrum  may  \x  visible  after  many  months.  Laii- 
dois  obtained  the  soda  test  and  spectroscopic  hands  in  the  blood  of  a  woman  poisoned  eighteen 
months  previously  by  CO,  and  after  [rrtrnt  putrefaction  of  the  body  had  taken  place.  [.Stirling  has 
kep*  CO- 1  lb  in  a  stoppered  boule  fur  four  years  without  its  undergoing  putrefaciioti.] 

If  CO  is  breathed  by  man,  or  if  air  containing  it  be  inspired,  it  gradually  dis- 
places the  O,  volume  for  volume,  out  of  the  Hb  (Z.  Mcyer)^  and  death  soon 
occurs;  1000  c.cm.  inspired  at  once  will  kill  a  inan.  A  very  small  quantity  in 
the  air  (-j^-.j-Jg^)  suffices,  in  a  relatively  short  time,  to  form  a  large  riuantity  of 
CO-Hb  {Grfhant).  As  continued  contact  with  other  gases  (such  as  the  passing 
of  O  through  it  for  a  very  long  time),  gradually  scjiarates  the  CO  from  the  Hb 
(with  the  formation  of  OjHb  {Dondfrs)),  it  happens  that,  in  very  partial  poison- 
ing with  CO,  the  blood  gradually  gets  rid  of  the  latter,  so  that  only  a  very  small 
part  of  the  CO  is  excreted  by  the  respiratory  organs ;  the  largest  amount  is  more 
highly  oxidized  in  the  body  into  CO,  and  thus  excreted  ( A>/>j).  [CO-Haemo- 
globin,  being  a  comparatively  stable  compound  when  once  formed,  circulates  in 
the  blood  vessels ;  but  it  neither  gives  up  oxygen  to  the  tissues,  nor  takes  up 
oxygen  in  the  luniks,  hence  its  very  poisonous  properties.  The  real  cause  of 
death  in  animals  poisoned  with  it  is  that  the  internal  respiration  is  arrested.] 

[Gamgee  and  Zuntj;  also  find  that  although  the  CO-Hb  compound  is  very  stable,  yet  it  may 
be  reduced  by  (la-wn^;  air  or  nrutral  gases  through  it  for  a  lengthened  period  i  il  is  al$o  reduced 
when  tdi>od  is  Ijoilcd  in  the  mercurial  pump.] 

Poisoning  with  Carbonic  Oxide. — Cart>onic  oxide  is  formed  during  incomplete  combuttion  of 
coaJ  or  coke,  and  passes  tnlo  the  nir  of  the  room,  proviiled  there  is  nol  a  free  outlet  for  the  products 
of  comlnistiim.  U  occurs  to  the  extent  of  12-28  per  cent,  in  ordinary  gas,  which  largely  owes  its 
poisonou't  properties  to  the  presence  of  ft).  If  the  (>  be  gradually  displaced  from  the  blood  by 
the  respiraliuii  of  air  cuntaitiing  CO,  life  can  only  Ik;  mainiained  as  long  as  sufficient  t)  can  be 
obiBuied  fiom  the  Itluud  to  support  the  oxidations  nece&'iary  fur  life.  Death  occurs  ttefore  all  the 
O  is  displaced  from  the  blood.  CO  has  no  effect  when  directly  applied  to  muscle  and  nerve.  When 
it  is  inhaled,  there  is  UrsX  stimulation  and  afterward  paralysis  of  the  nervous  system,  as  shown  by 
the  syinptorm*  induced,  ^.^p-.,  violent  heailache.  great  re»tlcssi)e>5,  excitement,  increased  activity  of 
the  head  and  respiration,  salivniion.  tremors  and  spurns,  I>nter,  unconsciousness,  weakncu  and 
paralysis  occur,  Libore'l  respiration,  diminished  heart  beat,  and,  lastly,  complete  lo^s  of  scnAtbilitv, 
ceMaiion  oJ  itic  respiration  and  heart  beat,  and  death.  At  fits!  the  tcmi»craturc  rises  several  tenths 
of  a  degree,  Init  it  sr*on  falls  I  °  or  more.  The  pulse  is  also  increased  at  Hrsi,  but  nfterward  it 
becomes  very  small  and  fre<|uent. 

In  pjiwining  with  pure  {_'(_)  there  is  no  dyspnoea,  but  somttimes  muscular  spasms  occur,  the  coma 
not  trem^  very  marked.  There  is  also  temporary  but  prorvounced  paralysis  of  the  limbs,  followed 
by  violent  spAsms.  After  death,  (he  heart  and  brain  are  congested  with  intensely  llorid  bloud.  In 
ptiis^oing  with  the  vapor  of  charcoal,  where  CO  and  CO,  both  occur,  there  is  a  varying  deeree 
ufomia;  pronounced  dyspnxra,  muscuKir  !>pa»ms  which  may  lost  several  minutes,  gradual  paralysis 
and  asphyxia,  monilifurm  contractions  and  subsequent  dilatation  of  the  blood  vessels,  with  conges- 
lion  of  various  organs,  occur,  accompanied  by  a  fall  uf  the  blond  pressure  {Klrhs),  indicating  initial 
sliniulation  and  subsequent  paralysis  of  the  vaso-motor  centre.  This  also  explains  the  variations  in 
the  temperature  aj>d  the  occasional  occurrence  of  sugar  in  the  uriue  after  poisoning  with  CO.    After 
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dcaih,  l1)c  blood  vessels  are  friuml  lo  be  filled  with  fluid  blood  of  an  exquisitely  bright  cherry-red 
color,  while  all  the  muscles  and  vtKceni  and  cxpmed  parts  of  the  body  (such  as  the  lips)  have  the 
MUDC  color.  The  brain  is  soft  and  friable,  there  arc  cntarrh  of  the  respiratory  organs  and  degenera- 
tion of  (he  mu!icle5,  and  great  conge^ion  and  de^eneralion  of  the  liver,  kidneys  and  spleen.  The 
Rpots  of  lividityf^iZ-mor-///;!,  aic  bright  red.  After  recovery  from  poisoning  with  CO  there  may 
be  paraplegia  and  {althoui:h  more  nrcly)  disturbances  of  the  cerebral  activity.  The  poisonous 
action  of  the  vapois  of  combustion  was  known  tt>  Arislulle. 

17.  OTHER     COMPOUNDS    OF    H/EMOGLOBIN.  — 4.   Nitric 

Oxide  Haemoglobin  (NO  Hb)  is  forrned  when  NO  is  brought  into  contact 
with  Hb  [L,  /larmann). 

As  NO  has  a  great  affinity  for  O,  red  fumes  of  nitrogen  pemxirte  (NO,)  being  formed  whenever 
the  two  gn5cs  mecl,  it  U  clear  that,  in  order  to  prepare  NUlIit,  the  O  must  lirst  be  removed.  Tliis 
may  be  done  by  pa^ng  II  through  it  [or  ammonia  may  lie  a<lded  to  the  blood,  and  a  stream  uf 
NO  passed  through  it;  the  ammonia  combines  with  all  the  acid  formed  by  the  union  of  the  NO  with 
the  O  of  the  blood].  NO  Hb  is  a  morf  itobU  chemiasl compound  \^%x\  CO-Hb,  which,  as  wc  have 
seen,  is,  again,  more  stable  than  OjIIb.  It  has  a  bluiih-vioUt  tint,  and  also  gives  two  absorption 
bands  in  the  spectrum  similar  to  those  of  the  other  two  compounds,  but  not  so  intense.  These 
bands  arc  not  abolished  by  the  action  of  reducing  agents. 

The  three  compounds  of  Hb,  with  O,  CO  and  NO,  are  crystailine,  like  Hb; 
they  are  isomorphot4s^  and  their  solutions  arc  not  tUchroic.  All  three  gases  unite 
in  equal  volumes  with  Hb  {Preytt,  L.  Hermann).  If  O  be  conducted  through 
a  concentrated  solution  of  Hb  devoid  of  gases,  a  crystalline  mass  of  0,Hb  is 
thereby  readily  formed. 

[Nitrites,  f.g.t  aniyi,  added  to  fresh  blood,  give  it  a  chocolate  color,  and  its  spectrum  is  thai  of 
methormoglobin.  The  compound  so  formed,  however,  is  less  stable  than  that  with  CO.  for  the 
decomposition  products  formed  in  the  blood  during  asphyxia  can  reduce  the  former  but  not  the  laiter 
compound.] 

5.  Cyanog^en,  CNli  {f/op/x-Sfyltr),  and  acetylene,  C,II,  {Sistro^v  and  Liehreich),  form 
casdy  decomposnble  cumpoundx  with  Hb.  The  former  occurs  in  jraisoning  with  hydrocynnic  acid, 
and  has  a  spectrum  identical  with  tbnt  of  O^.Hb,  and,  like  0.^1ib,  it  is  reduced  by  special  aecnls. 
[The  existence  of  these  compounds  is,  however,  highly  doubtful  { Gam^^et).^ 

18.  DECOMPOSITION  OF  HAEMOGLOBIN.— In  solution  and  in  the  dry  suie,  Hb 
gradually  bccnmeii  decom|)osed,  whereby  the  ironconLtining  pigmeol  barmatin.  along  with  cenain 
by-products,  formic,  lactic  and  butyric  acicU,  are  farmed. 

Haemoglobin,  however,  may  be  decomposed  at  once  into  (i)  a  body  contain- 
ing iron,  htematin^  and  (»»  a  colorless  proteid  closely  related  to  ghbulin:  by  (a) 
the  addition  of  all  acids,  even  by  CO,  in  the  presence  of  plenty  of  water:  (A) 
strong  alkalies;  [c)  all  reagents  which  coagulate  albumin,  and  by  heat  at  70*^-80^ 
C. ;  {(i^  by  ozone. 

(A)  Haematin  (Ch,  H,o,  N«,  Fe,,  O,o)  is  a  bluish-black,  amorphous  body, 
which  forms  ahout  4  i>er  rent,  of  hfemoglobin  (dog).  It  is  insolubU  in  water, 
alcohol  and  ether;  soluble  in  dilute  alkalies  and  acids  and  in  acidulated  ether  and 
alcohol. 

Hflcmochromogen. — When  Hb  containing  O  is  decomposed,  ha*mitin  is  formed  at  once;  while 
Hb  free  from  O,  on  being  decomposed,  foniu,  first,  a  purplish-red  body,  Hamofhromogen  (C^.H^, 
N,,FeOj),  which  contains  less  O,  and  is  a  precun-tor  of  h;i:maiin.  In  the  presence  of  O  it  becorors 
oxidized  and  passes  into  bsemattn.  In  solution,  it  gives  the  spectrum  shown  in  Kig.  14,  7  {^Hoppe- 
S*y!er), 

HKmatO'Porphjrrin. — Dilute  acids  in  an  alkaline  solution  deprive  h?emochromogen  of  its  imn, 
and  h<cm<iti^- porphyrin,  a  substance  which  rijinains  stable  in  contact  with  air,  is  produce<l.  It  may 
also  be  produce<l  fmm  h.-rmalin  by  the  action  ot  acids,  so  that  hx*matin  is  an  oxidation  s'agc  of 
luvmochnjmogfn.     The  following  derivatives  arc  kno*n  :  — 

(>i)  Hdemaiin  in  Acid  Solution  — Leoinu  extracted  it  from  dry  lluod  corpuscles  by  using 
alcohol  containing  sulphuric  and  tartaric  acid^.  If  acetic  acid  be  added  to  a  solution  of  Hb,  a 
m'ho(»any-lirown  fluid  is  obtaincLl,  containing  hamatin  in  acid  solution,  which  gives  a  spectrum 
with  /ii«r  absorption  bands  in  the  yellow  and  green  (Fig,  tl,  5}. 

(^f  Ksmatin  in  Alkaline  Solution. — If  this  solution  Iw  treated  with  excess  of  ammonia, 
Aitmafin  in  alkaline  solution  is  formed,  which  gives  one  absorption  band  on  the  lx>undary  line 
between  red  and  yellow  (Fig.  14.  6). 

ie)  Reduced  HKmatln.— Keductng  agents  cause  this  band  to  disappear,  and  produce  in  the 
yellow  two  broad  bands,  wliich  arc  due  to  the  presence  of  "  reduced  haimatin  "  ( P'lg.  14,  7). 
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Action  of  COj. — If  CO,  be  passed  through  a  solution  of  oxyhxmoglobm  for  a  conuderable 
time,  rcfiiiced  Hh  is  first  fnrmcd  ;  but  if  Ihe  proceM  be  prolonged  the  Mb  is  decomposed,  a  precipi- 
tate of  (;]obulin  is  thrown  down,  atid  an  alisorption  band,  similar  to  that  obtained  when  Hb  is 
dccoin|:)oscd  with  acids,  isotrtervcd  [see  p.  42). 

According  tn  Zinoffsky's  analysis  there  arc  exactly  two  atoms  of  S  to  each  aloto  of  Ke  in  Hb. 

When  hiemoglubin  is  extravasated  inio  the  subcutaneoiu  tissue,  it  becomes  so  altered  that  ulti- 
mately hydraicd  oxide  of  iron  appears  in  its  place. 

19.  Hi^MIN  AND  BLOOD  TESTS.— In  1853  Tekhmann  prepared 
t  n'sials  from  iilood,  whirh  Hoppe-Seyler  nhowed  to  be  chhridf  of  hamatin  or 
hydrochlorate  of  heematin.  The  presetice  of  these  crystals  is  used  as  a  test  for 
bUx)d  stains  or  blood  in  solmion.  These  crystals  of  hiemin  (Fig.  15)  are  prepared 
by  adding  a  small  crystal  of  cotnmon  salt  to  dry  blood  on  a  glass  slide,  and  thei^ 
an  exress  of  glacial  acetic  acid  ;  the  whole  is  gently  heated  tmlil  bubbles  of  gas 
are  given  off.  On  allowing  the  preparation  to  cool,  the  characteristic  ha;niin 
crystals  arc  obtained  (Hrtniaiin  4-  2HCI). 

Characters. — When  well  formed,  the  crystals  are  small,  microscopic,  rhombic 
plates,,  or  rhombic  rods ;  sometimes  they  are  single — at  other  times  they  are  aggre- 
gated in  groups,  often  crossing  each  other.  Some  kinds  of  blood  (ox  and  pig) 
yield  very  irregular,  scarcely  crystalline,  mas.ses.  The  crystalline  forms  of  haemin 
are  identical  in  all  the  different  kinds  of  blood  that  have  been  examined  {Jahnkey 
Jiogy<s).     They  are  dimbiy  refractive  and pUo-chromatic  ;  by  transmitted  light  they 
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mahogany  brown,  and  by  reflected  light  bluish  black,  glancing  like  steel. 
They  give  a  brown  streak  on  porcelain. 

(i)  Preparation  from  Dry  Blood  Stains. — Place  a  few  particles  of  the 
blood  stain  on  a  glass  slide,  add  two  to  three  drops  of  glacial  acetic  acid  and  a 
Mnall  crystal  of  common  salt ;  cover  with  a  cover  gla.ss,  and  heat  gently  over  the 
flame  of  a  spirit  lamp  until  bubbles  of  gas  are  given  off.  On  cooling,  the  crystals 
appear  in  the  preparation  ^Fig.  i6i. 

(2)  From  Stains  on  Porous  Bodies. — The  stained  object  (cloth,  wood, 
blotting  paper,  earth)  is  extracted  with  a  small  quantity  of  dilute  cattstic  potash, 
and  afterward  with  water  in  a  watch  glass.  Both  solutions  are  carefully  filtered, 
and  tannic  acid  and  glacial  acetic  acid  are  added  until  an  acid  reaction  is  obtained. 
The  dark  precipitate  which  is  formed  is  collected  on  a  filter  and  washed.  A  small 
part  of  it  is  placed  on  a  microscope  slide,  a  granule  of  common  salt  is  added,  and 
tJie  whole  dried  :  the  dry  stain  is  treated  as  in  (i)  {Strwwe.) 

(j)  From  Fluid  Blood.— Dry  the  blood  slowly  at  a  low  temperature,  and 
proceed  .is  in  ( 1 ). 

(4)  From  very  Dilute  Solutions  of  Haemoglobin. — {a)  S/ru7vc's 
Method. — Add  to  the  fluid,  ammonia,  tannic  acid,  and  afterward  glacial  acetic 
acid,  until  it  is  acid  ;  soon  a  black  precipitate  of  tannate  of  hoematin  is  thrown 
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down.     This  is  isolated,  washed,  dried,  and  treated  as  in  (i),  but  instead  of  NaCl 
a  granule  of  ammonium  chloride  is  added. 

(/')  CuHt'ng  and  van  Gettns  recoramcnd  the  addition  of  line  acetate,  which  givei  a  reddish  pre- 
cipitate ;  this  precipitate  is  to  be  treated  as  in  ( i ). 

Hjemin  crystals  may  sometimes  be  prepared  from  putrefying  or  lake-colored 
bloodf  but  they  are  very  small,  and  here  the  test  often  fails.  When  mixed  with 
iron  rust,  as  on  iron  weapons,  the  blood  crystals  are  generally  not  formed.  In 
such  cases,  scrape  o(T  the  stains  and  boil  them  with  dilute  caustic  potash.  If  blood 
be  present,  the  dissolved  haeraatin  forms  a  fluid,  which  in  a  thin  layer  is  green  ;  in 
a  thick  layer,  red  (//.  Rose). 

ll.ncmin  cry-^titls  have  been  prepared  from  all  dasies  of  vertebrates  and  from  the  blood  of  the 
earthworm. 

Chemical  Characters. — They  are  insoluble  in  water,  alcohol,  ether,  chloroform;  but  concen- 
trated H  jS<J,  disAoK-eit  them,  expelling  the  HCI,  and  civing  a  violet  red  color.  Ammonia  also  dis- 
solves them,  and  if  Ihc  rcsuUing  solution  Lr-  cvaiioratfd,  healed  lo  130°  C,  and  treated  with  boiling 
water  (which  extracts  the  ammonium  chloride). /^wr*-  /urmtifitt  isoI^L-iined  (//c//^  SeyUr)  as  a  bluish- 
black  <(utist.-ince,  which  on  being  pounded  forms  a  brown  and  amorphous  powder.  Its  solutions  in 
caustic  alkalies  are  dichroic ;  in  reflected  li^ht  brownish  red  ;  in  tran^miued  lit^hl,  in  a  thick  stratum, 
red — in  a  thin  one,  olive  green.     The  acid  solutions  are  monochromatic  and  brown. 

It  is  important  to  note  that  an  alcoholic  solution  of  hiematin,  when  reduced  by 
tin  and  hydrochloric  acid,  yields  urobilin  i^HoppeSeyUr^  Nimkiy  and  Siflter) 
(compare  Bile). 

20.  HiEMATOIDIN. — Virchow  discovered  this  important  derivative  from 
hiemnglobin.     It   occurs    in    the    body  wherever   blood    stagnates  outside    the 
becomes   decomposed — as    when    blood   is    extravasated    into 
the  tissues — ^.  ^.,  the  brain — in  solidified  blood  plugs 
(thrombus);   invariably  in    the  Graafian  follicles.     It 
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contains  no  iron  (C,,,  H«„  N,,  I),),  and  crystallizes  in 
clinorhombic  prisms  (Fig.  17)  of  a  yellowish  brown 
color.  It  is  soluble  in  water,  alkalies,  carbon  disul- 
phide,  benzol,  and  chloroform.  Very  probably  it  is 
identical  with  one  of  the  bile  pigments — bilirubin 
{Vaienfeiner).  [When  acted  upon  by  impure  nitric 
acid  (Gmelin's  reactioTi)j  it  gives  the  same  play  of 
colors  as  bile.] 

Pathological.— In  cases  where  a  large  amount  of  Wood  ha--^  undergone  solution  within  the  blood 
veshcl^(as  by  injeciinc  foreign  blood),  harmatoidin  crystals  have  bten  found  in  the  urine  (w.  Ke^khng' 
kausen,  Lantlois).     For  their  occurrence  in  urine,  tn  jaundice  (^  180),  and  in  the  hputum  (^  l.fK). 

ai.  (B.)  THE   COLORLESS   PROTEID   OF   HiEMOGLQBIN. 

— It  is  closely  related  to  globulin  ;  but,  while  the  latter  is  precipitated  by  all 
acids,  even  by  CO,,  and  re-dissolved  on  passing  O  through  it,  the  proteid  of 
haemoglobin,  on  the  other  hand,  is  not  dissolved  after  precipitation  on  passing 
through  it  a  stream  of  O. 

As  crystals  of  hxmi^lobio  can  be  dcco]ori2cd  under  fpecial  circumstances,  it  U  protmble  that 
these  owe  their  crystalline  form  10  the  proteid  which  they  contain.  Ijindois  placed  cryslal^of 
lixmoglohiti  along  with  alcuhul  in  a  dialyser,  putting  ether  aciduUted  with  sulphuric  acid  outvide, 
and  thereby  obtained  colorless  crystals.  [If  frogs'  blo-ad  be  sealed  up  on  a  microscopic  slide,  aloog 
with  a  few  drops  of  water,  for  several  days,  lon^,  colorless,  acicular  crystals  arc  developed  in  it 
[Sttriin^  and  jSW/p).] 

22.  II.  PROTEIDS  OF  THE  STROMA.— Dry.  red.  human  blood 
corpuscles  contain  from  5. 10^12.24  per  cent,  of  these  proteids  ;  but  little  is  known 
about  them  {Jiiilrll).  One  of  them  is  globulin,  which  is  combined  with  a  body 
resembling  nuclein  {Wooldrid^e),  ^•c\d  traces  of  a  diastatic  ferment  (p.  IVittiek), 
The  stroma  tends  to  form  masses  which  resemble  fibrin  {Landais). 

L.  Urunton  found  a  body  rescnibliu}r  mucin  in  the  nuclei  of  red  blood  corpuscles,  and  Mieschcr 
deteaed  nucleio  ({  250,  2). 
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23.  THE  OTHER  CONSTITUENTS  OF  RED  BLOOD  COR- 
PUSCLES.— III.  Lecithin  (.0.35-0.72  per  cent.)  in  dry  blood  corpusclus 
{Judeli),  (§  250,  2). 

It  is  regarded  as  a  glyccro  phosphate  or  neurin,  in  which,  in  the  ndical  of  glyccro- phosphoric 
Acid,  two  atomK  of  H  are  replaced  by  two  of  the  radical  of  stearic  acid.  By  gentle  beat  glycero- 
phosphoric  acid  is  split  up  tiiio  glycerine  and  pha<iphoric  acid  {\  250). 

Cholesterin  (0.25  per  cent.)  (.§  350,  III),  no  Fats. 

Theiie  (ubcanccs  are  oU&ined  by  extracting  old  stromata  or  isolated  blood  corpuscles  wtlh  ether. 
When  the  ether  evaporates,  the  characteristic  globular  fonns  ("  myclin-forms")  of  lecithin  and 
crystals  uf  chole^ierin  are  recognijcd.  The  amount  of  lecithin  may  be  determined  from  the 
amount  of  phwphurus  in  the  ethereal  extract. 

IV.  Water  (681.63  per  1000— C  Schmidt), 

V.  Salts  (  7.28  per  1000 — C.  Schmidt)^  chiefly  compounds  of  potash  and  phos- 
phoric acid ;  the  phosphoric  acid  is  derived  only  from  the  burned  lecithin  ;  while 
the  greater  part  of  the  sulphuric  acid  in  the  analysis  is  derived  from  the  burning 
of  the  hsemogtohin. 

Analysis  of  Blood.  —  1000  parts,  by  weight,  of  horse's  blood  contain  :— 
344.18  blood  corpuscles  (containing  about  izS  per  cent,  uf  solids). 
655.82  pta&nia  (containing  about  10  per  cent,  of  solids). 

locx>  parts,  by  weight,  of  HOiiiT  blood  coRPt;sctRS  contain : — 

Solids 367-9  (pig);  400. r  (ox). 

Water 632.1      "  599-9     '* 

The  solids  are : — 

Pig.  Ox. 

Hemoglobin ,    .    ,   .  261  280.5 

Albumin 86.1  107 

Lecithin,  Cholesterin  and  other  Oreanicl  .,„ 

Bodies *.    .    r  "-^  75 

Inorganic  Salts 8.9  4.8 

Pot«»h 5  543  0.747 

Magnesia 0.158  o.ot7 

Including  ]   Chlorine >-S04  *-'^35 

Phosphoric  Acid 2.067  0.703 

Soda  .   , o  2.093  (Bunge). 

[An  approximate  estimate  of  the  composition  of  human  blood  is  given  in  the 
following  table  :  — 

Composition  of  Human  Blood  as  a  Whole. 

Water 7S0 

Solids— of  these — 

Corpuscles 134 

Serum  Albumin  1 

Serum  Globulin  j ' 

Fibrin  of  Clot  (?  Fibriuogen) 2.2 

Inorganic  Salts  (of  sernm) 6.0 

blxtractives 6.4 

Fatly  matters 1.4 

Gases,  O,  CO,.  N.] 

24.  CHEMICAL  COMPOSITION  OF  THE  COLORLESS  COR- 
PUSCLES. — Invesligaiiona  have  been  made  on  pus  cells,  which  closely  resemble 
colorless  blood  corpuscles.  They  contain  several  protcids  ;  alkali  albuminate,  a 
proteid  which  coagulates  at  48^  C,  and  another  resembling  myosin,  para- 
globulin,  ptjptone,  and  a  coagulating  ferment ;  nuclein  in  the  nuclei  {Miescher) 
(S  250,  2);  perhaps  also  glycogen  (§  252)  i^Sa/omon),  lectthio.  ccrebrin,  cholesterin, 
and  fat. 


100  parts,  by  weight,  of  dry  pus  contain  — 

Earthy  Phoaihalc4 0.416 

Sodic  Phosphate 0.606 


Potash o.aot 

Sodic  Chloride, 0.I43 


4Ci 


PREPARATION  OF   PLASMA, 


25.  BLOOD  PLASMA  AND  ITS  RELATION  TO  SERUM.— 
The  unaltered  lluid  in  which  the  blood  corpuscles  floa!  is  called  plasma,  or 
liquor  sanguinis.  This  fluid,  however,  after  blood  is  withdrawn  from  the 
vessel?)  rapidly  undergoes  a  change,  owing  to  the  formation  of  a  solid  fibrous 
substance — fibrin.  After  this  occurs,  the  new  fluid  which  remains  no  longer 
coagulates  spontaneously  (it  is  pLisma,  minus  ihe  fibrin  factors),  and  is  called 
serum.  Apart  from  the  presence  of  the  fibrm  factors,  the  chemical  composition 
of  plasma  and  serum  are  the  same. 

[When  bluoti  coaguUtr5.  tVie  following  (able,  I,  shows  what  ukcK  place,  while  tbe  second  table,  11, 
khuM'S  what  uccun  when  it  ift  bcalcn  : — 


I. 

Coai^uinticn, 
UU)f>D. 

i 


Pluma. 


1 
Corpuscles. 


I 
bcrum. 


Fibrin -fftctoiT. 

I 


Blood  clot 


n. 

When  btatttt. 

Blood. 

I 


Pluraa. 


Corpu&cI( 
I 


Flbrin-ractoTS. 


Fibrin. 


Scrum. 


Defibriruied  Blood. 


The  serum,  however,  still  contains  a  portion  of  the  fibrin  ferment,  and  also  some 
of  the  filirinoplastin  or  fibrinophistic  substance.  Plasma  is  a  clear,  transparent, 
slightly  lhi(  kish  fluid,  which,  in  most  animals  (rabbit,  ox,  cat,  dog),  is  almost 
colorless ;  in  man  it  is  yellow,  and  in  the  horse  citron-yellow.] 

a6.  PREPARATION    OF  PLASMA.— (A)  Without  Admixture— 

Taking  advantage  of  the  tact  that  pta->nia,  when  cooled  to  o^  outside  the  body, 
does  not  coagulate  for  a  considerable  time,  Brtlcke  prepares  the  plasma  thus : 
Selecting  the  blood  of  the  horse  (because  it  coagulates  slowly,  and  its  corpuscles 
sink  rapidly  to  the  bottom),  he  receives  it,  as  it  flows  from  an  artery,  in  a  tall, 
narrow  glass,  placed  in  a  freezing  mixture,  and  cooled  to  0°.  The  blood  remains 
fluid,  and  the  colored  corpuscles  subsiding  in  a  few  hours,  the  plasma  remains 
above  as  a  clear  layer,  which  can  be  removed  with  a  cooled  pipette.  If  this  plasma 
be  then  passed  through  a  cooled  filter,  it  is  robbed  of  all  its  colorless  corpuscles. 
[Burdon-Sanderson  uses  a  vessel  consisting  of  three  compartments — the  outer  and 
inner  contain  ice,  while  the  blood  of  the  horse  is  caught  in  the  central  compart- 
ment, which  does  not  exceed  half  an  inch  in  diameter.] 

The  quantity  of  plasma  may  be  roughly  (but  only  roughly)  estimated  by  using  a 
tall,  graduated  measuring  glass.  If  the  plasma  be  warmed,  it  soon  coagulates 
(owing  to  the  formation  of  the  fibrin),  and  passes  into  a  trembling  jelly.  If.  how- 
ever, it  be  beaten  with  a  glass  rod,  the  fibrin  is  obtained  as  a  white,  stringy 
mass,  adhering  to  the  rod.  The  quantity  of  fibrin  in  a  given  volume  of  plasma, 
is  about  0.7-1  per  cent.,  although  it  varies  much  in  diflferent  cases. 

(Bj  With  Admixture. — Blood  flowing  from  an  artery  is  caught  in  a  tall, 
graduatt^d  tncasure  containing  1  of  its  volume  of  a  concentrated  solution  of  sodic 
sulphate  {Htwson) — or  in  a  25  per  cent,  solution  of  magnesic  sulphate  (i  vol.  to 
4  vols,  blood — Sfmmer) — or  i  vol.  blood  with  2  vols,  of  a  4  per  cent,  solution  of 
monophosphate  oi  potash  {Masia).  When  the  blood  is  mixed  with  these  fluids 
and  put  in  a  cool  place,  ihc  corpuscles  subside,  and  the  clear  stratum  of  plasma 
mixed  with  the  salts  may  be  removed  with  a  pipette.  If  the  salts  be  removed  by 
dialysis,  coagulation  occurs;  or  it  may  be  caused  by  the  addition  of  water  i/ifh. 
MUUer),  Blood  which  is  mixed  with  a  4  per  cent,  solution  of  common  salt  does 
not  coagulate,  so  that  it  also  may  be  used  for  the  preparation  of  plasma.  [For 
frogs'  blood  Johannes  Mtlller  Ubed  a  ^  per  cent,  solution  of  cane  sugar,  which 
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permits  the  corpuscles  to  be  separated  from  the  plasma  by  filiraiion.     The  plasma 
mixed  with  the  sugar  coagulates  in  a  short  time.] 

a?.  FIBRIN  — COAGULATION  OF  THE  BLOOD.  —  General 
Characters. — Fibrin  is  that  substance  which,  becoming  solid  in  shed  blood,  m 
plasma  and  in  lymph  causes  t^oaj^/a/wn,  in  these  fluids,  when  left  to  themselves, 
fibrin  is  formed,  consisting  of  mnumerable,  excessively  delicate,  closely  packed, 
microscopic,  doubly  refractive  (^Hermann)  fibrils  (Fig.  7,  Ki.  These  fibrils  en- 
tangle the  blood  corpuscles  as  in  a  spidt:r's  web,  and  form  with  them  a  jelly-like, 
solid  mass,  called  the  blood  clot  or  placenta  sanguinis.  At  fir^t  the  clot  ts 
very  soft,  and  after  the  lirsl  2  to  15  minutes  a  few  fibres  may  be  found  on  its 
surface;  these  may  be  removed  with  a  needle,  while  the  interior  of  the  clot  is 
still  fluid.  The  fibres  ultimately  extend  throughout  the  entire  mass,  which,  in 
this  stage,  has  been  called  €ruor.  After  from  12  to  15  hours  the  fibrin  contracts 
or,  at  least,  shrinks  more  and  more  closely  round  the  corpuscles,  and  a  fairly 
solid,  trembling,  jelly-like  clot,  which  can  be  cut  with  a  knife,  is  formed.  During 
this  time  the  clot  has  expressed  from  its  suljstance  a  fluid — the  blood  serum. 
The  clot  takes  the  shape  of  the  vessel  in  which  the  blood  coagulates.  Fibrin  may 
be  obtained  by  washing  away  the  corpuscles  from  the  clot  with  a  stream  of  water. 

Crusta  Phlogistica. — If  the  corpuscles  subside  very  rapidly,  and  if  the  blood 
coagulates  slowly,  the  upper  stratum  of  the  clot  is  not  red,  but  only  yellowish,  on 
account  of  the  absence  ol  colored  corpuscles.  This  is  regtilarly  the  case  in  horse's 
blood,  and  in  human  blood  it  is  observed  especially  in  infiammations ;  hence  this 
layer  has  been  called  crusta  phlogistica.  Such  blood  contains  more  fibrin, 
and  so  coagulates  more  slowly. 

The  cniila  U  formed  under  other  circumstance*.,  hut  the  cou«  of  ii»  formatiiJn  is  not  always 
clear, ^^.,  Willi  mcr(*a.scd  =p.  gr.  of  the  coq>uKlefl,  or  diminislied  Bp.gr  of  the  plasma  las  in  hydr.i;niia 
and  chlorosis),  whereby  ihc  corpuacles  sink,  more  rapidly,  and  al-o  during  pregnancy.  The  taller 
aud  narrowrr  the  ^Inss,  the  thicker  Is  the  crusta  (cumpare  \  411.  The  upper  end  ot'  tlie  dui,  where 
there  are  few  cnrpittcles,  shrinks  rrnre,  and  is,  thrrclorc,  Rmnller  than  the  rest  of  the  clot.  'I  hi* 
upper,  lightcr.colored  layer  \%  called  the  "  buffy"  coat ;  tnis,  however,  gmduolly  passes,  both  as  to 
size  and  cnl.ir.  into  the  normal  dark-colored  clot.  [Srimctines  the  upper  ^urrace  of  the  clut  is 
concave  nr  ••  cupped."  The  older  phy.sici-ins  used  to  nltrtbule  great  importance  to  this  cundition, 
and  alK>  to  the  occurrence  of  the  crusta  phlogistica,  or  bufiy  coat.] 

Defibrinated  Blood. — If  freshly-shed  blood  be  beaten  or  whipped  with  a 
glass  rod  or  with  a  bundle  of  twigs,  fibrin  is  deposited  on  the  rod  of  twig';  in  the 
lorro  of  a  solid,  fibrous,  yellowish-white,  elastic  mass,  and  the  blood  which  remains 
is  called  **  d^JihinaUd  /t/ootV  (p.  46).  [I'he  twigs  and  fibrin  must  be  washed  in 
a  stream  of  water,  to  remove  adhering  corpuscles.] 

Coagulation  of  Plasma. — Plasma  shows  phenomena  exactly  analogous,  save 
that  there  is  no  well-defined  clot,  owing  to  the  absence  of  the  resisting  corpuscles  ; 
there  is,  however,  always  a  soft,  trembling  jelly  formed  when  plasma  coagulates. 
[In  Hewson's  experiment  on  the  blood  of  a  horse  tied  in  a  vein,  he  found  that 
the  plasma  coagulated — fibrin  being  formed,  so  that  he  showed  coagulation  to  be 
due  10  changes  in  the  plasma  itself  (^  29).] 

Properties  of  Fibrin. — Although  the  fibrin  appears  voluminous,  it  only  occurs 
to  the  extent  of  0.2  i)er  cent.  (o. i  to  0.3  per  cent.)  in  the  blood.  The  amount 
varies  considerably  in  two  samples  of  the  same  blood  {Sig.  Afayer),  It  is  insol- 
uble in  water  and  ether ;  .alcohol  shrivels  it  by  extracting  water;  dilute  hydro- 
chloric acid  (0.1  per  cent.)  causes  it  to  swell  up  and  become  clear,  and  changes 
it  into  synionm  or  acid  albumin  (§  249.  III}.  When  fresh,  it  has  a  grayish- 
yellow,  fibrous  appearance  and  is  elastic  ;  when  dried,  it  is  horny,  transparent, 
brittle  and  friable. 

When  frc^h.  it  di»o1vc$  in  6  to  8  per  cent,  solitiions  of  sodium  nitrate  or  sulphate,  in  dilute  alka. 
he»  and  in  atmnunia.  tliuit  furniing  alkali  albuminaie.  Heat  d<»e«  nut  Ciiaguluic  thc«e  solutions. 
Hydric  petoxide  is  rapidly  dcconipused  by  filirin  into  water  and  O  1  Thinard),  I-'ibrin  which  ha» 
been  exposed  to  the  air  for  a  long  ume  u  nu  longer  soluble  in  solution  of  pouusic  nuratc,  but  in 
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neurin  [Jlfauf^nrr).   During  pulrefaction.  U  passes  into  aolution^ ft]butnen  being  formed  (^.v.  Liii(g). 
Fibrin  contains  iron,  calcic  and  mngneMC  phosphates,  whou  origin  is  unknown, 

Time  for  Coigulation. — According  tu  H.  Nassc,  the  Bret  appearance  uf  a  co^ulum  ocean  in 
man's  blood  after  j  minutet  45  seconds,  jn  women's  blood  after  2  nimutes  20  seconds.  Age  baa  no 
effect;  withdrawal  of  foud  accelerates  coagutoiion  {A.  l''ifrort/t). 

28.  GENERAL  PHENOMENA  OF  COAGULATION.— I.  Blood 
which  is  in  direct  contact  ^ith  the  living  and  unaltered  blood  vessels 
does  not  coagulate  (Thackrah,  1819). — [Hewson  (^1772)  found  that  when  he 
tied  the  jugular  vein  of  a  horse  in  two  plates,  and  excised  it  (Fig.  18),  the  blood 
did  not  coagulate  for  a  long  time.]  This  itnportant  fact  was  confirmed  by  Briicke 
(1857),  who  tilled  the  heart  of  a  tortoise  with  blood  which  had  stood  fifteen 
minutes  exposed  to  the  air  at  o^,  and  kept  it  in  a  moist  chamber.  The  blood 
was  still  fluid  at  the  end  of  $}4  hours,  while  the  heart  itself  still  continued  to 
beat.  He  observed  that  at  0°  the  blood  was  uncoagulated  in  the  contracting 
heart  of  a  tortoise  after  eight  days.  Blood  inside  a  contracting  frog's  heart 
preserved  under  mercury  docs  not  coagulate.  If  the  wall  of  the  vessel  be  altered 
by  pathological  processes  (^^.,  if  the  intima  becomes  rough  and  uneven,  or 
undergoes  inflammatory  change),  coagulation  is  apt  to  occur  at  these  places. 
Blood  rapidly  coagulates  in  a  //Vd*/ heart,  or  in  blood  vessels  (but  not  in  capilla- 
ries) or  other  canals  (e.^.,  the  ureter)  (  Vircfi&uf).  If  blood  stagnates  in  a  living 
vessel,  coagulation  begins  in  the  central  axis,  because  here  there  is  no  contact 
with  the  wall  of  the  living  blood  vessel. 

n.  Conditions  which  Hinder  or  Delay  Coagulation. — {a)  The  addition 
of  small  quantities  of  alkalies  and  ammonia,  or  of  concentraled  solutions  of  neutral 
sails  of  the  alkalies  and  earths  (alkaline  chlorides,  sulphates,  phosphates,  nitrates, 
carbonates).  Magnesic  sulphate  acts  most  favorably  in  delaying  coagulation  (i 
vol.  solution  of  28  per  cent,  to  3^  vols,  blood  of  the  horse). 

{b)  The  precipitation  of  the  fibrinoplastin  by  adding  weak  acids,  or  by  CO^. 

Ry  the  addilion  o{  acetic  acid  \XTi.i\\  the  reaction  is  acid,  the  coagulatirm  is  completely  arrested, 
A  Urge  amount  of  CO,  delays  it,  and  hence  venous  blood  copulates  more  slowly  than  arlenal. 
Hence,  also,  the  blood  of  suffoca/cd  ycnon&  remains  fluid. 

(r)  The  addition  of  egg  albumin^  syruft^  glyeen'ne  and  much  water.  If  un- 
coagulated blood  be  brought  into  contact  with  a  layer  of  already-formed  fibrin, 
coagulation  occurs  later. 

(d)  By  eo/d  at  o**  coagulation  may  be  delayed  for  one  hour  (/.  Deny).  If 
blood  is  frozen  at  once,  after  thawing,  it  is  still  fluid,  and  then  coagulates  (/few- 
son).     When  shed  blood  is  under  high  pressure  it  coagulates  slowly  {Landois). 

{e)  Blood  of  embryo  fowls  does  not  coagulate  before  the  twelfth  or  fourteenth 
day  of  incubation  {Boll) ;  that  of  the  hepatic  vein  very  slightly  ;  menstrual  blood 
shows  little  tendency  to  coagulate  when  alkaline  mucus  from  the  vagina  is  mixed 
with  it.     If  it  be  rapidly  discharged  it  coagulates  in  masses. 

(/)  Blood  rich  in  fibrin  from  inflamed  parts  coagulates  slowly,  but  the  clot 
so  formed  is  firm. 

Heemophilia. — A  very  slight  scratch  in  some  perwins  may  cause  verj-  free  bleeding.  TTiese' 
persons  are  called  collo<]ulally  *■  bleedera,"  and  are  said  to  have  hiemophilia  or  the  hemorrhagic 
diathesis.  In  "  bleeders  *'  coagulation  seems  not  to  take  place.owing  lu  a  want  of  the  substance* 
producing  Abrin ;  hence,  in  these  cases,  wounds  of  vessels  are  not  plugged  with  fibrin.  [A  ten* 
dency  to  hemorrhage  occurs  m  scurvy,  purpura,  iu  some  lufecliuus  di^cabcs,  such  as  typhus,  ^ilague, 
yellow  fever,  and  in  poisoning  with  phosphorus.  1 

Injection  of  Peptones.— Albenont  observed  that  if  tryplic  pancreas  ferment  (dissolved  in  gly* 
cerinc)  be  injected  into  the  blood  uf  au  animal,  the  blood  does  nut  coagulate.  Sclimidl-Millheink 
found  thji  after  the  injeciion  of  fure  pefUme  into  the  blood  (0.3  to  0.6  grammes  per  kiln.)  of  a  dog, 
the  blood  lost  its  power  of  coagulating.  [This  occurs  in  the  dog,  but  not  in  the  rabbit,  moreover, 
although  gastiic  peptone  prevents  coaguUiiun,  tr\'pioa  or  pancreas  ferment  does  not  do  so  i^Fane). 
Peptonized  blood,  etc.,  coagulates  when  it  is  treated  with  CO^  or  water.]  A  substance  is  formed 
in  the  plasma,  which  prevents  coagulation,  but  which  is  precipitated  by  CO,.  Lymph  behavea 
similarly  \^f^ano).  After  peptones  arc  injected,  theic  is  a  great  solution  of  leucocytc!>  lu  the  blood 
{v.  SamiOH-HimmehtJerna).    Tlie  secretion  of  the  mouth  uf  the  medicinal  leech  [although  in 
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action  ti  not  due  lo  a  ferment  {//ayrrn/f)^,  And  siiake  poimn  also  prevent  coagulation  {Wail). 
[Dtastatic  fenncnl  also  prevents  coagulation  {Sizh'ipU).^ 

[btuod  coagulates  more  slowly  in  a  smooth  than  a  rough  vessel,  and  also  in  a  shallow  vksakX  than 
tn  a  deep  one.] 

[II.  Coagulation  is  accelerated — (a)  By  contact  with  Foreign  Sub- 
stances of  all  kinds  ,  hence,  threads  or  needles  introduced  into  arteries  arc 
rapidly  covered  with  fibrin.  Even  the  introduction  of  air  bubbles  into  the  circu- 
lation accelerates  it,  and  the  pathologically  altered  wall  of  a  vessel  acts  like  a 
foreign  body.  Blood  shed  from  an  artery  rapidly  coagulates  on  the  walls  of 
vessels,  on  the  surfaces  exposed  freely  to  air,  and  on  the  rods  or  twigs  by  which 
it  is  beat.  The  passage  through  it  of  indifferent  gases,  such  as  N  and  H,  and 
the  addition  of  H^O  have  the  same  effect. 

{6)  Heating  from  39°  to  55**  C.  rapidly  facilitates  coagulation  (J/t-wsaft). 

fc)  Agitation  of  the  blood,  as  shown  by  Hewson  and  llunter. 
(^)  The  addition  of  a  small  quantity  of  water. 

{^/)  A  watery  condition  of  the  blood,  but  in  this  case  the  clot  is  small  and  soft. 
(/)  Contact  with  03cygen.] 

IV.  Rapidity  of  Coagulation. — Among  vertebrates,  the  blood  of  birds 
(especially  of  the  pigeon),  coagulates  almost  momentarily;  in  cold-blooded 
animals  coagulation  occurs  much  more  slowly-j  while  mammals  stand  midway 
between  the  two, 

[The  blfKMl  of  a  fowl  begins  to  coagulate  in  %  to  1  J^  minute ;  that  of  a  pig,  sheep,  rabbit,  in 

}i  \o  lyi  minute ;  of  a  dog,  1  to  3  minutes;  of  a  horse  and  ok,  5  to  tj  minutes;  of  man.  3  10  4 

[^fuinutes ;  wlidificalion  is  completed  in  9  to   1 1   minutes,  but  rather  sooner  in  the  case  of  women 

(A'tf/w).]     1  he  bltx>«l  of  invertebrates,  which  is  usually  colorless  when  it  is  oxitJized  |  \  32),  forms 

a  s>ft,  whitish  clot  of  fibrin.     Even  in  iymph  and  eMyU^  a  small  soft  clot  is  formed. 

V.  When  coagulation  occurs,  the  aggregate  condition  of  the  fibrin  factors  is 
altered,  so  that  htat  must  bt  set  free  (  yakntin^  188^^  Sehiffer,  Lepini).  The  rise 
in  the  tcmjicrature  may  be  ascertained  with  a  very  delicate  thermometer. 

VI.  In  blood  shed  from  an  artery,  the  degree  of  alkaiinity  Mminishfs  from  the 
time  of  its  licing  shed  until  coagulation  is  completed  [^Pfliigfr  ami  7.untz).  This 
is  probably  due  to  a  decomposition  in  the  blood,  whereby  an  actd  is  developed, 
which  diminishes  the  alkalinity  (p.  17). 

VII.  Whether  ornot  <■/(?( /niV/v  is  developed  i*  not  positively  proved.  Hermann  supposes  that 
the  poits  already  coagulated  arc  negative,  while  non  coagnUtod  parts  are  positive  ;  Init  ttus  has  not 
b«en  clearly  shown. 

VIII.  During  coagulation  there  is  a  diminution  of  the  O  in  the  blood,  although 
a  similar  decrease  also  occurs  \\\  non-coagulated  blood.  Traces  of  ammonia  are 
also  given  off,  which  Richardson  erroneously  supposed  to  be  the  cause  of  the 
coagulation  of  the  blood. 

[This  is  rcfnied— ^t)  by  the  fact  that  blood,  when  collected  under  mercury  (whereby  no  escape 
of  ammonia  is  posuble),  also  coagulates;  and  (3)  by  the  following  exj:<rnment  of  Lister;  He 
pb£cd  two  ligatures  on  a  ve  n  containing  blood,  nuii<ilcning  one-half  of  the  uuitr  surface  uf  the 
vein  with  ammfmia,  leaving  the  other  haU  intact.  The  l>lood  coagulnied  in  the  Tirsit  half,  and  not  in 
the  other,  owing  to  the  properties  of  the  wall  of  the  vein  of  the  k»rmcr  being  altered.  Ijstcr  also 
proved  that  l<loo<l  will  reinaiit  Huid  lor  hours  in  a  vein  after  it  has  t>cen  fiedy  expoMHl  to  the  air, 
and  even  a*tcr  it  has  L>ct:n  poured  in  a  thin  stream  from  one  vein  to  another.]  Neuher  ihc  decrease 
of  O  nor  the  evolution  uf  ammonia  sctms  to  have  any  causal  cuniiectLou  wuh  the  I'ormatioii  uf 
litjnM. 

Patbolo^caJ. — When  Ihc  blood  coagulates  within  the  vessels  during  life,  the  process  is  called 
IhromboBiB,  and  the  cuagtdum  ur  plug  &o  foinied  i&  termed  a  thrombus.     When  a  dot  of  blood  or 
^4Mher  tM'idy  i^c-irhed  hy  the  blni>d  <4rc.\in  to  another  pari  of  the  vascul.ir  sys^tem  where  it  blocks  up  a 
I,  the  plug  is  called  an  embolus,  aii.j  the  result  emboliam. 

39.  CAUSE  OF  THE  COAGULATION  OF  THE  BLOOD.— 
Perhaps  this  subject  is  best  treated  historically. 

[Hewfton'ft  Bxperimenta  (177a). — Hewson  tied  the  jugular  rein  of  a  horse  between  two  liga. 
lores,  rciiujkcd  it,  and  then  5U>peiidcd  it  by  one  end  (l')g.  iSj.     He  found  that  the  blixid  remained 
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fluid  for  a  long  time  (4S  hours),  while  the  red  corpuscles  sank  (R.C.)  and  left  a  clear  layer  of  pli 

on  the  surface  ( P).     When  he  drew  off  some  of  tins  clear  (ilasnia  Jt  coiku- 
Fio.  18.  lalcd,  thu«  proving  cna^<ulation  10  t>c  due  to  changes  in  ihc  plasma.     Litter 

repealed  litis  experiment,  and  found  that  even  if  the  upper  end  of  the  lube 
he  opened  and  the  blood  freely  exposed  tu  the  air,  coagulaLion  if.  but  slightly 
hastened.  Moreover,  he  proved  that  the  blood  might  be  poured  from  one 
vein  into  another,  ju»t  as  one  would  pour  fluid  from  one  test-tube  into 
another.  In  ttii*  case  there  were  two  te*t-tubes,  if.,  t!ie  veins — and 
although  the  blood,  on  being  poured  from  the  one  to  the  other,  came  into 
contACl  with  the  nir,  it  did  nut  coagulaic.  Hewson,  however,  found  that 
blood  poured  from  the  vein  into  a  glass  vessel  coagulated,  so  that,  in  his 
opinion,  the  blood  vessels  exerted  a  restraining  inllucnce  on  ihc  coagulation. 
By  cooling  the  blood  and  preventing  it  from  coagulating,  he  proved  that 
coamilation  was  not  due  to  the  losit  of  heat.  Nor  could  it  be  a  vital  act,  as 
sodic  sulphate  or  other  neutral  sail  prc\'cnted  coagulation  indefinitely,  but 
coaguLition  took  place  when  the  blood  was  diluteil  with  water.] 

[Buchanan's  Researches. — The  serous  sacs  of  the  body  contain  a 
fluid  wliich  in  some  respects  closely  resembles  lymph.  Tlie  pericardium 
contains  pericanrul  dutd,  which  in  some  animals  coagulates  spontaneously 

Vein  of   »  home  tied   be    {f.^:,  in  the  rabbit,  ox,  horse,  and  sheep),  if  the  fluid  be  renrmved  imm^i- 
BTr.m,'*''if?'"'!;'h;.V  ff^'^v  "ff"-  '^'"f^-     *t  th'*  be  not  done  till  sei'^rai  houn  aftrr  dtatM,  the 
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aixl  RC.,r«dcorpi»cle»~  fluid  (loes  not  coogulate  spontaneously,  llie  llutd  of  the  tunica  vaginalis 
of  the  testis,  again,  sometimes  accumulates  to  a  grea!  extent,  and  constitutes 
hyiiriHtU^  but  this  fluid  shows  no  tendency  to  coagulate  spontaneously.  Andrew  Buchanan  found, 
however,  that  if  lo  tlie  fluid  of  ascites,  to  pleuritic  Huid,  or  to  hydrocele  fluid,  there  be  added  clear 
blood  serum,  then  coagulation  takes  place,  r'.^.,  two  fluids — neither  of  which  shows  any  tendency 
by  a  if  1/  to  coagulate — form  a  clot  when  they  are  mixed  (I831).  He  also  found  that  if  "  washed 
blood  clot "  (which  consiMs  of  a  mixture  of  fibrin  and  colorless  corpuscles)  be  added  to  hydrocele 
fluid,  coagulation  occurred.  He  compared  the  action  of  washed  blood  clot  to  the  action  of  rennet 
in  coagulating  railk,  and  he  imagined  the  at^ents  7chi(M  drtermineJ  the  coagulation  to  be  the  colorUss 
(or/*Mif/ef.  'ITius,  the  buffy  coat  of  horses'  blood  is  a  jKiwerful  agent,  and  it  contains  verj*  numerous 
colorless  corpuscles.  He  tinally  concluded  that  some  constituent  in  the  plasma,  to  which  he  gave  the 
name  of  a  *'  s-jluble  fibrin,"  U  acted  upon  by  the  colorless  corpuscles  and  converted  into  fibrin.  The 
soluble  fibrin  of  Buchanan  li  comparable  to  the  ftbrinogcn  in  Hammarsien's  theory.  But  Buchanan 
did  not  separate  the  xubstatice.] 

[Denis's  Plasmine.— Deuis  mixed  uncoogulated  blood  with  a  saturated  solution  of  sodic  sul- 
phate, allowetl  the  corpuscles  to  subside,  and  decanted  the  clear  fluid,  which  was  mixed  with  sodic 
chloride,  until  a  large  amount  of  precipitate  had  l>L*cn  obtained.  The  piccipitale,  when  washed  with 
a  saturated  solution  of  sodic  chloride,  he  called  plasmine  (1859].  If  phumine  be  mined  with 
water,  it  coagnIates5[>onianeously,  resulting  in  the  formation  of  tihrin,  while  another  proteid  rcmaifu 
iu  solution.  According  to  the  view  of  Lk-iiis,  tibrin  is  produced  by  the  splitting  up  of  plasmine  into 
two  bodies— fibrin  and  an  insoluble  proteid.] 

f  Researches  of  A.  Schmidt  { tS6t ), — This  observer  rediscovered  the  chief  facLi  already  known 
to  Buchiiian,  viz.,  that  some  fluids  which  do  not  coagulate  spontaneously,  clot  when  mixed  with 
other  fluids,  which  alM>  show  no  tendency  to  coagulate  spontaneously,  /,^'.,  hydrocele  fluid  and  blood 
serum.  He  (roccedcd  to  isolate  from  these  Huids  the  bo<lies  which  arc  described  as  6brin<^n  and 
fibrin opiastin.  The  bodies  so  obtained  were  not  pure,  but  Schmidt  sup|xiscd  that  the  formalioa  of 
fibrin  was  due  to  the  interaction  of  these  two  proteids.  'ITic  reason  why  hydrocele  fluid  did  not 
coagulate,  he  said,  was  that  it  contained  fibrin  igen  and  no  fibrinoplastin,  while  blood  scrum  con- 
tained the  latter,  but  nor  the  former.  Schmidt  afteruar^t  discovered  that  these  two  substances  may  be 
prrscnt  in  a  fluid,  and  yet  that  coagulation  may  not  occur  ((-.f.,  occasionally  in  hydrocele  fluid).  He 
supposed,  therefore,  that  blood  or  blood  serum  contained  some  other  constituent  necessary  for  coagn- 
lalion.     This  he  aflcrwaid  isolated  in  an  impure  condition  and  called ^^rj»/irrm<«/  {Gamgte).'] 

Alexander  Scbmidt's  tht-ory  is  that  fibrin  Is  formed  by  the  coming  together  of 
two  proteid  substances  which  occur  dissolve*!  in  the  plasma  or  liquor  sanguinis^ 
viz. :  (i)  Fibrinogen,  i.e.,  the  sul>stance  which  yields  the  chief  mass  of  the  fibrin, 
and  (2)  Fii>rtnoplastie  substance  or  fibrinoplastin,  [  =  serum  globulin  (^TH.  li^eyi 
and  /loppe-Seyier)  or  paraglobtilin  {Kiihne)  §  32].  In  order  to  determine  the 
coagulation  a  fennenl  seems  to  be  necessary,  and  this  is  supplied  by  (3)  the 
Fibrin  ferment. 

1.  Properties  of  these  Substances. — Fibrinogen  and  ftbrinoplastin  are 
not  distinguished  from  each  other  by  well-marked  chemical  characters.  Still 
they  differ,  as  follows:  — 

(t2)  Fibrinoplastin  is  more  easily  precipitated  from  its  solutions  than  fibrinogen. 
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(^)  It  is  more  readily  redissolved  when  once  it  is  precipitated. 

{r)  It  forms  when  precipitated  a  very  light  granular  powder. 

(_//)  Fibrinogen  adheres  as  a  sticky  deposit  to  the  side  of  the  vessel.  It  coagu- 
lates at  56°  C. 

Both  substances  closely  resemble  globulin  in  their  chemical  composition 
(KOhne  called  fibrinoplaslin  parag/obuHn),  and  in  their  reactions  they  are  not 
unlike  myosin.  Like  all  globulins,  they  require  a  trace  of  common  salt  for  their 
solution  (§  349). 

On  account  of  their  great  similarity,  both  substances  are  not  usually  |)reiiared 
from  blood  plasma.  Fibrinogen  is  prepared  from  serous  transudations  (pericardial, 
abdominal,  or  pleuritic  fluid,  or  the  fluid  of  hydrocele),  which  contain  no  fibrino- 
plastm.  Fibnnopiastin  is  most  readily  prepared  from  serum,  in  which  there  is 
still  plenty  of  fibrinoplastin,  but  no  fibrinogen. 

2.  Preparation  of  Fibrinoplastin,  Serum  Globulin,  or  Paraglobu- 
lin. — \fi)  Dilute  blood  serum  with  twelve  limes  its  volume  of  ice-cold  water,  and 
almost  neutralize  it  with  acetic  acid  [add  4  drops  of  a  25  per  cent,  solution  of 
acetic  acid  to  every  120  c.c.  of  diluted  serum]  ;  or  {6)  pass  a  stream  of  carbon 
dioxide  through  the  diluted  senun,  which  soon  becomes  turbid  ;  and  after  a  time 
a  fine  white  powder,  copious  and  granular,  is  precipitated  {Sr/imii//,  1862). 

[(fl  The  scrum  may  be  diatysed  for  a  day;  at  the  end  of  this  time  the  contents  of  the  dialyser 
have  Dccome  turlnd,  and  when  a  current  of  CO^  ut  passed  through  them,  a  precipilate  of  tibrtno- 
plastin  u  ot>uined.] 

[(^)  Method  of  Hammarsten. — All  the  fibrinoplastin  in  serum  is  not  pre- 
cipitated either  by  adding  acetic  acid  or  by  CO^.  Hammarsten  found,  however, 
that  if  crystals  of  magnesium  sulphate  be  added  to  complete  saturation,  it  precipi- 
tates the  whole  of  the  serum  globulin,  but  does  not  precii)itale  senim  albumm 
{Gam^ee) ',  it  seems  that  in  the  ox  and  horse  senim  globulin  is  more  abundant 
than  serum  albumin,  while  in  the  dog  and  rabbit  the  reverse  obtains;  (com- 
pare §  32).] 

Schmidt  found  that   100  c.c.  of  the  sierum  of  ihe  ox  blood  yielded  0.7  to  0.8  gmu. ;  horse's 
serum,  o.,)  to  0.56  grmH.  of  dry  ftbrinoplA&iin.      l*'it>rinopl.iMin  occurs  not   only  in    scrum,  but 
in  rcil  blood  corpu-tctcs,  in  the  lluida  uf  connective  tiMue,  and  in  the  juices  of  the  cornea. 

7^.  Preparation  of  Fibrinogen. — This  is  best  prepared  from  hydrocele 
fluid,  although  it  may  also  be  obtained  from  the  fluids  of  serous  cavities,  ^.^.,  the 
pleura,  pericardium,  or  peritoneum.  It  does  not  exist  in  blood  serum,  although 
it  does  exist  in  blood  plasma,  lymph,  and  chyle,  from  which  it  may  be  obtained 
by  a  stream  of  CO*,  a/ter  the  paraglobulin  is  precipitated,  {a)  Dilute  hydrocele 
fluid  with  ten  to  fifteen  times  its  volume  of  water,  and  pass  a  stream  of  CO- 
through  it ;  or  (^)  carefully  neutralize  it  by  adding  acetic  acid,  {e)  Add  powdered 
fommon  sait  to  saturation  to  a  serous  transudation,  when  a  sticky,  glutinous  (not 
very  abundant)  precipitate  of  fibrinogen  is  obtained. 

[Hammarsten  and  Kichwald  find  that,  although  paraglobulin  and  fibrinogen  are 
soluble  in  solutions  of  common  salt  (containing  5  to  8  i>cr  cent,  of  the  salt),  a 
saline  solution  of  12  to  16  per  cent,  is  retjuired  to  precipitate  the  fibrinogen, 
leaving  still  in  solution  paraglobulin,  which  is  not  precipitated  until  the  amount 
of  salt  exceeds  30  per  cent.  {Gamgee).'\ 

Hammarsten  found  that  it  may  be  prepared  from  blood  (of  the  horse)  by  first 
precipitating  all  the  seniin  globulin  or  fibrinoplastin  with  crystals  of  magnesium 
sulphate,  and  subsequent  filtration,  which  removes  the  corpuscles;  a  clear,  salted 
plasma  is  thus  obtained.  If  to  the  filtrate  a  saturated  solution  of  common  salt  be 
added,  a  turbid,  flaky,  impure  precipitate  of  fibrinogen  is  obtained.  Thi^s  maybe 
dissolved  in  dilute  common  salt,  and  again  precipitated  by  a  saturated  solution 
of  NaCI. 

Properties  of  the  Fibrin  Factors, — They  are  insoluble  in  pure  water,  but 
dissolve  in  water  containing  U  in  solution.     Both  are  soluble  in  very  dilute  alka- 
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lies,  f.g.^  caustic  soda,  and  are  precipitated  from  this  solution  by  CO,.  They  are 
soluble  in  dilute  common  salt — like  all  globulins — but  if  a  certain  amount  of 
common  salt  be  added  in  excess  they  are  precipitated.  Very  dilute  hydrochloric 
acid  dissolves  them,  but  after  several  hours  they  become  changed  into  a  body 
resembling  syntonin  or  acid  albumin  (§  249,  III). 

Fibrinogen  dissolved  in  a  weak  solution  of  common  salt  (1  to  5  per  cent.)  is 
reprecipitated  on  adding  water,  so  that  it  resembles  hbrin.  Its  solution  in  com- 
mon salt  coagulates  at  52^  to  55°  C.  {.HaminarsUn^  FritUricg). 

[Fred^ricq  finds  that  fibrinogen  exists  eij  such  in  the  plasma;  it  coagulates  at 
56"*  C,  and  the  plasma  thereafter  is  uncoagulable  i^Gamgee).^ 

4.  Preparation  of  the  Fibrin  Ferment.— Mix  blood  serum  (ox)  with 
twenty  times  its  volume  of  strong  alcohol,  and  filter  off  the  deposit  thereby  pro- 
duced after  one  month.  The  deposit  on  the  filter  consists  of  albumin  and  the 
ferment  \  dry  it  carefully  over  sulphuric  acid,  and  reduce  to  a  powder.  Triturate 
one  gramme  of  the  i>owder  with  65  c.c.  of  water  for  ten  minutes,  and  filter.  The 
ferment  is  dissolved  by  the  water,  and  passes  through  the  filter,  while  the  coagu- 
lated albumin  remains  behind  [Schmuit). 

In  the  prepamtioD  of  filnHnoplastin,  the  ferment  is  carried  down  with  U  mechaaically.  The 
fermeni  «eems  to  be  formed  first  in  fluids  outitide  the  Iwdy,  very  prohaljly  Ijy  Ihe  solution  of  the 
colorless  corpuscles.  More  ferment  is  fomietl  in  the  blood  the  longer  the  inierval  between  its  being 
shed  and  its  coagulntion.  It  is  destroyed  at  70°  C  Ulood  flowing  directly  from  an  artery  into 
alcohol  contains  no  ferment.  It  i*  also  formed  in  other  protoplasmic  parts  ( Katuchenbach),  eg.,  in 
dead  muscle,  brain,  suprarenal  capsule,  ^permalozoa,  tc»(icle  {Foa  and  Pilhuani),  and  in  vegetable 
micro-organisms  [<'.,<.,  yeast  and  protuzoa]  [OroAmnHM)  [so  thnt  it  would  seem  to  he  a  general 
product  of  protoplasm].  [As  the  ferment  doe»  not  preexist  in  colorless  blood  corpuscles,  it  setms 
to  be  formed  from  some  mother  substance  in  them,  the  blood  plasma  itself  decomposing  this  sab- 
stance  {A'aust:AmAac^).'\ 

[Gamgee'a  Method, — Buchanan's  "  washed  blood  clot"  (p.  50)  is  digested  in  an  8  per  cent. 
sijlution  of  common  salt.  The  solution  so  obtained  possesses  in  ao  intense  degree  the  propcttics  of 
Schmidt's  fibrin  ftrrmeiit.] 

Coagulation  Experiments. — According  to  A.  Schmidt,  if  the  pure  solutions 
of  (1)  fibrinogirn,  (3)  fibrinnplostin,  and  (3)  fibrin  ferment  be  mixed,  fibrin  is 
formed,  The  process  goes  on  best  at  the  temperature  of  the  body  ;  it  is  delayed 
at  o"  ;  and  the  ferment  is  destroyed  at  the  l>oiling  point.  The  presence  of  O  seems 
necessary  for  coagulation.  The  amount  of  ferment  appears  to  be  immaterial ; 
large  quantities  produce  more  rapid  coagulation,  but  the  amount  of  fibrin  formed 
is  not  greater. 

The  amount  of  salts  present  has  a  remarkable  relation  to  coagulation. 
Solutions  of  the  fibrin  factors  deprived  of  salts,  and  redissolved  in  very  dilute 
caustic  soda,  when  mixed,  do  not  coagulate  until  sufficient  NaCl  be  added  to 
make  a  1  per  cent,  solution  of  this  salt  {Schmidf). 

When  blood  or  blood  plasma  coagulates,  all  the  fibrinogen  is  used  up,  so  that 
the  serum  contains  only  fibrinoplastin  and  fibrin  ferment ;  hence,  the  addition 
of  hydrocele  fluid  (which  contains  fibrinogen)  to  serum  causes  coagulation. 

According  to  Hammarsten,  fibrin  is  formed  when  the  ferment  is  added  to  a 
solution  of  fibrinogen. 

[Foa  and  Pellacani  find  that  a  filtered  watery  extract  of  fresh  brain,  cap>u!e  of  the  kidneys  testes, 
and  some  other  tissues,  when  injected  into  the  blood  vessels  of  a  rabbit,  causes  ciagulaiion  of  the 
blood  in  the  pulmonary  circulation  and  the  heart,  death  being  caused  by  the  action  of  a  iubsta.nce 
idenlical  with  the  tibrin  fennent  ] 

[HammarBtcn'B  Theory  of  Coagulation. — Hanimersten's  researches  led  him  to  believe  that 
librinoplastin  is  quite  uniicccuar)'  for  cnagulation.  According  to  him.  fibrin  is  formed  from  .'«/ 
body,  \'\7..,^brittt>sfn,  which  is  present  in  plasma  wlien  it  is  acted  upon  by  the  ji^n'n  fermtnt :  the 
latter,  however,  has  not  been  obtained  in  a  purv  state.  Neither  he  nor  Schmidt  asserts  ihii  this 
body  is  of  the  nature  of  a  feruienl,  although  they  use  the  term  for  convenience.  It  is  <iui!e  certain 
that  tibrin  may  be  formed  when  no  tibrinupkstin  is  present,  coagulation  being  caused  by  the  Addi- 
tion of  calcic  chloride  or  casein  prepared  in  a  special  way.  Hut,  whtther  <tm^  or /tw  proteids  be 
required,  in  all  cases  il  is  clear  that  a  certain  quantity  of  sails,  es])ecially  of  N'aCl,  is  nccesasry.] 
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[The  main  drift  of  the  foregoing  evidence  points  to  the  presence  of  one  proteid 
— 'fibrinogen — in  the  plasma,  which,  under  certain  circumstances,  yields  fibrin.  In 
shed  blood  this  act  seems  to  be  determined  by  a  ferment,  perhaps  derived  from 
the  disintegration  of  colorless  corpuscles,] 

I  Theory  of  Wooldrid^e. — Wooldridge  attributes  grot  importance  to  lecithin.  In  shed  blood 
ihe  coai;iilalion  is  broui^lil  abcut  by  the  interaction  of  the  plasma  and  the  cDlorir^  corpuscles.  If 
lecithin  (which  U  present  In  considerable  ninoiint  in  the  colorless  corpuscles)  dilTuses  into  ihe  blood, 
coagulation  takes  place.  When  peptone  is  injected  into  the  blood  of  the  dof,  the  blood  does  not 
clot ;  this  ts  due,  according  to  VVoDldndj^c,  to  the  peptone  "  preventing  the  interaction  of  leiicocyics 
and  plaaroa."  If,  however,  the  corpu-icular  elements  are  removed  by  the  ct;nirifu^;al  machine,  the 
DCplone  plasma  can  be  made  to  clot-  He  also  believes  that  fibrin  ferment  does  not  preexist  in 
nomul  plasma,  but  that  "  it  may  make  its  appearance  in  that  plasma  in  the  absence  of  all  cellular 
elements,  and  must,  therefore,  come  from  some  constituent  or  constituents  of  the  plaHma  iLself."] 

30.  SOURCE  OF  THE  FIBRIN  FACTORS.— Al.  Schmidt  maintains 
that  all  ihc  three  substances,  out  of  which  fibrin  is  said  to  be  formed  arise  from 
the  breaking  up  of  colorless  blood  corpuscles.  In  the  blood  of  man  and  mam- 
mals fibrinogen  exists  dissolved  in  the  circulating  blood  as  a  dissolution  product 
of  the  retrogressive  changes  of  the  white  corpuscles.  Plasma  contains  dissolved 
fibrinogen  and  scrum  albumin.  The  circulating  blood  is  very  rich  in  colorless 
blood  corpuscles — much  rirher,  indeed,  than  was  formerly  sup|>osed  {Sihmidt^ 
Lamiois).  As  soon  as  blood  is  shi^d  from  an  artery,  enormous  numbers  of  the 
colorless  corpuscles  are  dissolved  {Mantr^azza) — according  to  Alex.  Schmidt,  71.7 
percent,  (horse).  First  the  body  of  the  cell  disappears,  and  then  the  nucleus 
{Nhva),  The  products  of  their  dissolution  are  dissolved  in  the  plasma,  and  one 
of  these  products  is  jir/^r/ffry/ixy////.  At  the  same  time  the  fibrin  ferment  is  also 
produced,  so  that  it  would  seem  not  to  exist  in  the  intact  blood  corpuscles. 
Fibrinoplastin  and  fibrin  fermt;nt  are  also  produced  by  the  "  transition  forms'^ 
of  blood  corpuscles,  /.c,  those  forms  which  are  intermediate  between  the  red  and 
the  white  corpuscles.  They  seem  to  break  up  immediately  after  blood  is  shed. 
The  b/oo/i plates  (p.  33)  are  also,  probably,  sources  of  these  substances. 

In  amphibians  and  birds  the  rtJ  nucleated  corpuscles  rapidly  break  up  after  blood  is  shed,  and 
yield  the  salvaance  or  substances  which  furro  Rbrin.  Al.  Schmidt  convinced  himself  that  in  these 
animals  6brinu^en  is  ori^nally,  also,  a  constitueol  of  the  blood  corpuscles. 

It  is  clear,  therefore,  according  to  Schmidt's  view,  that  as  soon  as  the  blood 
corpuscles,  white  or  red,  are  dissolved,  the  fibrin  factors  pass  into  solution,  and 
the  formation  of  fibrin  by  the  interaction  of  the  three  substances  will  ensue. 

If  a  large  number  of  leucocytes  be  introduced  into  the  circulation  of  an  animal, 
the  leucocytes  are  dissolved  in  great  numbers  in  the  blood,  so  that  death  takes 
place  by  diffuse  coagulation.  Should  the  animal  survive  the  immediate  danger  of 
death,  the  blood,  owing  to  the  want  of  leucocytes,  is  completely  incapable  of 
coagulating  {Grotk). 

[It  U  worthy  of  remark  to  recall  the  concluuon  arrived  at  by  And.  Buchanan,  viz.,  that  the 
pcrtential  element  of  his  <*  washed  blood  clot "  resided  in  the  colorless  coqiu&clcs,  "  primary-  cells  or 
ve«lcles."  He,  like  Sclimidt.  found  that  the  Imffy  cnat  of  horses'  bl03d,  which  is  very  rich  in  white 
corpuscles,  produced  coagulation  rapidly.  Buchanan  compared  the  action  of  his  washed  clot  to 
that  of  rennet  in  coagulating  milk.] 

Pathological  — M.  Schmidt  and  hts  pupils,  Jakowtcki  and  Rirk,  have  shown  that  totm  fcnnent, 
probably  derived  from  the  dissolution  of  colorless  corpuscles,  is  found  in  circulating  blood,  and  thai 
it  is  more  abundant  in  venous  than  in  arterial  blood,  while  it  is  most  abundant  in  shed  blood.  It 
is  specialty  remarkable  that  in  sep4u  fevtr  the  amount  of  ferment  in  blood  may  increase  to  such  an 
extent  as  to  permit  the  occuncnce  of  spontaneous  coagulation  (thrombosis),  which  may  even  pro 
duce  death  \ArH.  KikUr).  In  febrile  cases  generally,  the  am''>unt  of  ferment  is  snmewhai  more 
tS.v*x\vluxi\,(E.iieibtrg  ondBirk).  Afer  the  injection  uf  ichor  into  the  blood,  an  enormous  nural>cr 
of  c-jl»rlc^  corpuscles  are  dissolved  (/^  Hoffman).  The  injection  of  peptone  (Hb)  and,  to  a  less 
degree,  of  distilled  water,  is  followed  by  solution  of  numerous  leuccKytes. 

There  are  changes  in  the  blood,  constilutiof;  true  blood  diseases,  in  which  the  physiological  meta- 
boli^ni  of  the  colorless  corpuscles  is  enormously  increased,  so  that  the  metabolic  products  accamu* 
late  in  the  blood  \AUx.  Sehmuit).  The  result  of  this  is  spontaneous  coagulniion  within  the  circu- 
latory system,  and  death  even  may  occur ;  at  the  least,  there  is  an  tocreosc  of  tenipcralure.  After 
such  a  condition,  the  coagulability  of  such  bluo.1  is  diminished. 


54  CHEMICAL  COMPOSITION    OF  THE    PLASMA   AND    SERUM. 

31.  RELATION  OF  THE  RED  BLOOD  CORPUSCLES  TO  THE  FORMA- 
TION OP  FIBRIN. — After  the  investigations  of  several  dUsctvlts  hnd  shown  that  the  red  blood 
corpusulirs  [bird  {/{of'pe-Seyier)'],  horse  (//n'nsiui),  frog  {j4.  Sihmidt  and  Semmer)  panicipnlc  JP 
the  production  of  fibrin,  Landuis  observed,  in  1S74,  under  the  micruscope,  that  the  Mromaia  nf  the 
red  b!oo*l  corpuscles  of  the  mamtnaU  passed  iii(o  fibrin.  If  a  drop  of  deiibrinalcd  rabbit's  blood  be 
placed  in  serum  of  frog's  bluod,  without  mixing;  them,  the  red  corpuscles  can  be  seen  collecting 
together;  their  surfaces  are  Mick;r>  and  ihcy  can  on  I  ^r  be  separated  by  a  cenain  pressure  on  the 
covtr  glas'*,  whereby  some  of  the  new  spherical  corpuscles  arc  drawn  out  into  threads.  The  cor- 
pusc)e%  soun  become  spherical,  and  thow  at  the  margin  allow  tlie  lut:n)o(^Iobiii  to  escape,  when  tbe 
decolnrizAtion  progresses,  from  the  margin  in^-ard,  until  at  last  there  remains  a  mass  of  sAroma 
adhering  together.  The  sitrima  sulwlance  is  very  sticky,  but  soon  the  cell  contours  disappear,  and 
the  siromata  adhere  and  form  tine  t'ibres.  Thus  (according  to  LaiuloU)  the  formation  of  fibrin  from 
re«l  blood  corpuKcle^  can  be  triced  step  hy  step.  The  red  blood  corpuscles  of  man  and  animals, 
when  dissolved  in  the  serum  of  other  aniniaU.  show  much  the  same  phenomena. 

Stroma  Fibrin  and  Plasma  Fibrin.— Ijindois  calls  tibrin  formed  direct  from  strrma.  stroma 
fibrin.  Fibrin  which  is  formed  in  the  uitual  way  by  the  fibrin  factors  he  cn\\% plasma  fibrin.  The 
stroma  fibrin  i"*  closely  related  chemically  to  stroma  itself;  and  as  yet  the  two  kinds  of  tibrin  have 
not  t>een  sharply  dLitinguished  chemically.  Sut>stances  which  nij>idly  dissolve  revi  corpuscles  cauM 
exlen.Mvc  cua^^iUiion,  t  ^.,  injeclion  of  bile  or  bile  ^alts  t>r  la  Ice- color  eil  blokjd,  into  arteries 
i/t'aunyn  and  Frtin<keft)  After  the  injeciton  nf  foreign  blood  the  newly  injected  bloo<I  often 
brealts  up  in  the  blood  vessels  of  the  recipient,  while  the  tincr  vcitseU  are  frequently  found  plugged 
with  small  thrombi  (see  'AraHs/usion,  \  I02). 

Coagulable  Fluids.^With  regard  to  coagulability,  fluids  containing  proteids 
may  be  classified  thus: — 

it  J  Those  that  coagulate  spontaneously ^  i.  f.,  blood,  IjTnph,  chyle. 
2]  Those  (nfMtbU  of  toas^htini^,  '*■  ,C-»  fluids  secreted  pathologically  in   serous   cavities;    for 
«am))le,  hydroctle  tluid,  which,  as  usually  containing  Bhrinogen  only,  does  not  coagulate  sponia- 
neously,  cogaulatcs  on  the  addition  of  librinopla%tia  and  ferment  (or  of  blood  serum  in  which  both 
occur). 

(3)  llK>se  which  do  not  eoagntate,  e.g.,  milk  or  seminal  fluid,  which  do  not  seem  to  contain 
6brinogen. 

3a.  CHEMICAL  COMPOSITION  OF  THE  PLASMA  AND 
SERUM, — I.  Proteids  occur  to  the  amount  of  8  to  to  percent,  in  the  plasma. 
Only  0.2  per  cent,  of  these  go  to  form  fibrin.  When  coagulation  ha.s  taken 
place,  and  after  the  separation  of  the  fibrin,  the  plasma  becomes  converted  into 
senim.  The  sp.  gr.  of  human  serum  is  1027  to  1029.  It  contains  several  proteids. 
[According  to  Hammarsten,  ^umiin  serum  contains  9.2075  per  cent,  of  solids — 
of  these,  3.103  =  serum  globulin,  and  4.516  =  serum  albumin,  /.  e.,  in  the 
ratio  of  1  :  1.511.  The  total  amount  of  proteids  in  blood  seems  to  be  much 
more  constant  than  are  the  relative  proportions  of  serum  albumin  and  serum 
globulin  (Sah'iofi).} 

(rf)  Serum  Globulin  (Th.  IVnO  or  ParaglobuUn,  2  to  4  per  cent.,  wiis 
formerly  believed  to  occur  in  much  smaller  amount  than  it  actually  does.  Ham- 
marsten found  that  if  serum  be  diluted  with  two  volumes  of  water,  and  crystals  of 
magnesium  sulphate  be  added  to  saturation,  serum  globulin  is  precipitated,  but 
not  serum  albumin.  In  the  scrum  of  the  horse  and  ox,  serum  globulin  is  more 
abundant  than  senim  albumin,  while  in  the  serum  of  the  rabbit  and  dog  the 
reverse  is  the  case.  It  is  soluble  in  10  per  cent,  solution  of  common  salt,  and 
coagulates  at  75°  C. 

[Serum  globulin  was  carefully  described  by  Panum  under  ihe  name  of  •'  serum  casein ;"  by  Al. 
Schmidt,  as  "  fihrinopia.slic  «ubslance  ;"  and  by  KUhne,  as  *'  para^jlobulin."] 

As  alrendy  mentioned,  it  may  aUo  l>e  precipitalc<l,  in  {xart,  by  diluting  scrum  with  lO  to  15  vols, 
of  water,  and  jMusm^  a  stream  of  O^  through  it  (p.  51).  If  a  frai:f  of  acetic  acid  be  added  10 
serum  nf  cr  the  separation  of  the  serum  globulin,  KDhne  finils  that  a  fine  precipiia'eof  what  be  calls 
soda  albuminate  occms.  [It  is,  however,  highly  dnuUful  if  an  alkali  albuminate  does  occur  in  the 
blood.  Hammarsten  found  that  CO.^  does  not  precipitate  all  the  serum  ^dobulin,  so  (hat  it  is  impos- 
sible thai  Kilhne's  sofIa  alhuminnle  exists  as  a  distinct  substance  in  scrum.] 

Acconliii^  to  A.  E.  Hurckhanl,  mn^ncsium  sulphate  not  only  precipitates  scrum  globulin,  but  also 
another  proieid  sulntance  more  closely  resembling  albumin.  Ourin);  hunger  the  globulin  increases 
■nd  the  albumin  diminishes. 
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{A)  Serum  Albumin. — Its  solutions  begin  to  be  turbid  at  60*^  C,  and  coagu- 
lation occurs  at  73°  C,  the  fluid  becoming  slightly  more  alkaline  at  the  same 
time.  The  amount  is  about  3  to  4  per  cent.  (^FthUrUq).  I!"  sodium  chloride  be 
cautiously  added  to  serum,  the  coagulating  temperature  may  be  lowered  to  50° 
C.  Ii  has  a  rotatory  power  of  —  56°.  It  is  changed  into  syntonin  or  acid 
albumin  by  the  action  of  dilute  HCl,  and  by  dilute  alkalies  into  alkali  albuminate. 

[Serum  Albumin  v.  Egg  Albumin. — Alchougfa  serum  albumin  is  closely  related  to  egg  albu- 
min, they  differ — (^  |  ax  rcj^anls  their  action  upon  polarized  light ;  {b\  the  precipitate  produced  by 
adtting  HCl  or  UNO,  i«  readily  soluble  In  4  cc.  uf  the  reagent  in  the  case  of  scrum  .ilLumin, 
while  the  precipitate  in  egg  albumin  '\%  dissolved  with  very  great  difficulty;  {c\  egg  albumin,  injected 
inio  the  veins,  is  excrcled  in  ihe  urine  as  a  foreign  body,  while  serum  albumin  is  not  {Sto<lir\'ii)  \ 
{d\  scram  albumin  is  not  coagulated  by  ether,  while  egg  albumin  '\s.  If  the  solution  is  not  alkaline 

\\  MOM 

[Serum  albumin  has  never  been  olHained  from  free  salts,  even  when  it  Is  dialysed  far  a  very  long 
time,  as  wa^  maintained  by  Aronstein,  whose  results  have  not  been  conBrmed  by  Heynsiu^,  Haas, 
llui^itiga,  Salkowski  and  others  ] 

After  all  the  paraglobuliii  (serum  globulin^  in  serum  is  precipitated  by  magnesium  lAilphote,  serum 
albumin  ^tiII  remains  in  solution.  If  thi:!  solution  be  heated  to  40  or  50°  C.  a  copious  precipitate 
rif  non -coagulated  ^erum  albumin  is  obtained^  which  is  soluble  lu  water.  If  the  scrum  albumin  be 
filtered  from  the  fluid,  and  if  the  clear  fluid  be  healed  tu  over  60"  C,  Fr*d4ncq  found  that  it  becomes 
turbid  from  the  precipitation  of  other  protcids :  the  amount  of  these  other  bodies,  however,  is  small. 

[Proteids  of  the  Scrum. — Halliburton  has  shown,  by  the  method  of  "/rar- 
tional  heat  ioa^htion  "  (/.  c,  ascertaining  the  temperature  at  which  a  proteid  is 
coagulated,  filtering  the  fluid  and  a^ain  htating  the  filtrate  to  a  higher  tempera- 
ture), that  from  the  same  fluid  perhaps  two  or  more  proteids,  all  with  different 
temperatures  of  coagulation,  may  be  obtained.  Care  must  be  taken  to  keep  the 
reaction  constant.  He  finds  that  serum  globulin  coagulates  at  75**  C,  while  serum 
albumin  in  reality  consists  of  three  proteids,  which  coagulate  at  different  tempera- 
tures; {a)  at  73°,  {h\  at  77=*,  and  [c)  at  84"  C] 

[Precipitation  by  Salts. — Sulphate  of  magnesia  not  only  precipitates  serum 
globulin  but  also  fibrinogen  [  Hallihurtofi),  The  fluid  must  be  shaken  for  several 
hours,  to  get  complete  saturation.  Sodic  sulphate,  when  added  to  serum  deprived 
of  its  globulin  by  MgSO,,  precipitates  serum  albumin,  hut  it  produces  no  precipi- 
tate with  pure  serum.  In  this  way  serum  albumin  may  be  obtained  in  a  pure,  un- 
coagulatt-'d  and  still  soluble  condition.  But  Halliburton  finds  that  senim  globulin 
is  thrown  down  by  sodic  nitrate,  acetate,  or  carbonate  ;  while  all  the  proteids  of 
the  serum  are  precipitated  by  potassic  acetate  or  phosphate,  and  the  same  result  is 
brought  about  by  adding  two  salts,  e.  j^.,  MgSO,  and  Na,SO,  (in  this  case  sodio- 
magncsic  sulphate  is  formed)  ;  MgSOj  and  NaNO, ;  MgSO.  and  KI ;  NaCl  and 
Na^SO,.  After  scrum  globulin  is  thrown  down  by  MgSO,,  the  addition  of  MgSO, 
and  NarSO«  or  the  double  salt,  precipitates  the  serum  albumin,  which  is  still 
soluble  in  water.] 

[The  plasma  of  invertebrata  Mecapol  cnistaceans,  some  ga^leropods.  cephalopods,  etc.)  dots 
like  Tcrtebrale  blood,  and  contains  fibrinoj^en,  but  it  is  noteworthy  that,  in  addition,  there  is  found  in 
it  a  substance  correspt^ndini;  to  hiv-innglutiin.  and  called  by  Frc<l6ricq,  Haemocyanin.  It  exists  like 
Hb  in  two  conditionn,  one  reduced  and  the  otber  oxyharmocynnin,  the  former  being  colorless,  the 
latter  blue.  In  its  [;eneral  characten  it  resembles  Hb,  although  it  contains  copper  instead  of  iron, 
and  gives  no  ab&orption  bands  (I/aUiburten).  In  the  blood  of  some  decapod  crustaceans  there  isa 
reddish  [Mgmcnt,  Tetronerythrin,  which  is  identical  with  that  in  the  cxoskeleton  and  hypoderm. 
It  belongs  to  the  |;roup  of  lipochrumcs,  like  sume  of  the  pif^mcnts  of  the  retina.  Tbe  ha.'mocyanin 
is  respiratory  in  function,  and  it  is  rern.irkable  that  it  is  contained  in  the  plasma,  and  not  in  the 
foitned  elements,  tike  the  lib  of  vertebrates.  So  that,  stated  broadly,  in  these  Invertebrates  the 
plasma  is  both  nutritive  and  rcitpiratury  in  its  functions,  while  in  Vertebrates  the  red  corpuscles 
chiefly  ore  respiratory  and  the  plasma  nutritive  (/■rfi/in'c^).'] 

II.  Fats  (o.i  to  0.2  percent.). — Neutral  fats  (tristearin,  tripalmitin,  triolein) 
occur  in  the  blood  in  the  form  of  small  microscopic  granules  which,  after  a  meal 
rich  in  fat  i  or  milk),  render  the  serum  quite  milky. 

[The  amount  of  fat  in  the  serum  of  fasting  animals  is  about  0.2  percent.  ; 
during  digestion  0.4  to  0.6  per  cent. ;  and  in  dogs  fed  on  a  diet  rich  Id  fat  it  may 
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be  1.25  per  cent.  There  are  also  minute  traces  of  fatty  aa't/s  (succinic).  Rohrig 
showed  that  soluble  soaps,  i.  e.,  alkaline  salts  of  the  fatly  acids,  cannot  exist  in  the 
blood.  Cholesterin  may  be  considered  along  with  the  fats.  It  occurs  in 
considerablL-  amount  in  nerve  tissues,  and,  like  fats,  is  extracted  by  ether  from  the 
dry  residue  of  blood  serum.  Hoppe-Seyler  found  0.019  to  0.314  per  cent,  in  the 
serum  of  the  blood  of  fattened  geese.  There  is  no  fat  in  the  red  blood  corpuscles 
{Hpppe-Sryler).  Lecithin  (its  decomposition  products,  glycerin-phosphoric  acid 
and  protagon)  occur  in  serum  and  also  in  the  Mood  corpuscles.] 

III.  Traces  of  Grape  Sugar  [o.  i  to  o.  15  per  cent.  (5c<xv«)  more  in  the  hepatic 
vein  (0.23  per  cent.;],  derived  from  the  liver  and  muscles,  is  increased  after 
hemorrhage  {%  175)  {Bernard^  v.  Mtrin^')\  some  glycogen  (/'a?!'),  and  another 
reducing  fermentative  substance  also  increased  by  hemorrhage  {J.  G.  Oft). 

The  amount  of  grap«  sugar  in  the  blood  increases  with  the  absorpiion  of  sugar  from  the  intestine, 
and  this  increase  i<^  most  obvious  in  ihe  blood  of  the  [xirtal  and  hepatic  veins;  there  is  also  a  slight 
increase  in  the  arterial  blood,  but  there  it  is  rapidly  changed.  The  presence  of  sugar  is  asccnained 
hy  coagulating  blood  by  boiling  it  with  sodium  sulphate,  pressing  out  the  tluid  and  testing  it  fur 
sugar  with  Fehling's  solution  (C/.  lUrnard).     Pa\'y  coagulates  the  blood  with  alcohol. 

IV.  Extractives. — Kreaiin,  urea  (0.016  per  cent.,  increased  after  food), 
succinic  acid,  and  uric  acid  (more  abundant  in  gouty  conditions),  guanin  (?),  car- 
baminic  acid  ;  all  occur  in  very  small  amounts. 

V.  Sarcolactic  Acid  and  Indican,  also  in  small  amount. 

VI.  Salts  (.085  to  .09  pttr  rent.). — The  most  abundant  salt  is  sodium  chioritU 
(0.5  per  cent.),  and  next  to  it  sodium  carbimutf.  [It  is  most  important  to  note 
that  the  soda  salts  arc  far  more  abundant  in  the  senim  than  the  potassium  salts. 
The  ratio  may  be  as  high  as  10  :  i.]  Animal  diet  increases  the  amount  of  salts, 
vegetable  food  diminishes  it  temporarily. 


Salts  in  human  blood  scnim  [liopf^-Seyler). 
Sodic   Chloride,   4.9a    per    1000 
"       Sulphate,     0.44  •• 

"       Carbonate,  0,21  " 

VIT-  Water  about  90  per  cent. 
VIII.  A  yellow  Pigment. 


Sodic  Phosphate,  . 
Calcic  }'hosphate, 
Magnesic,  .... 


0.15  per  1000 

}o.73       " 


Thudichum  regards  the  pigment  of  the  serum  as  lutein;  Maly,  as  hydrobilinibin ;  and  MacMuno 
as  cholctelin. 

33.  THE  GASES  OF  THE  BLOOD. -Absorption  of  Gases  by  Solid  Bodies  and  by 
Fluida. — Absorption  by  Solid  Bodies.— A  considerable  altraciiou  e\ist&  between  the  particles  of 
solid  purous  U^dits  and  gaseous  ^ut•Mancc$,  so  that  gases  are  niiractcd  and  condenf'cd  within  the 
jMres  of  solid  bodies,  i.  f.,  the  gases  arc  absorbed.  Thus  i  volume  of  boxwood  chntcoal  (at  13° 
C.  and  ordinary  barometric  pressure)  absorbs  35  volumes  CO^,  9.4x0!.  O.  7.5  vol.  N,  1.75  vol.  H. 
Utttt  is  always  formed  when  gases  arc  absorbed,  and  Ihe  amount  of  heat  evolved  bears  a  relation  to 
the  energy  with  which  the  absoq>tion  lakes  place.  Non-porous  bodies  arc  similarly  invested  by  ■ 
layer  of  condensed  gases  on  iht-ir  iurfaet. 

By  Fluids. — fluids  can  also  absorb  gases.  A  kntnun  quanftty  of  fluid  at  different  f>rtsi^rn 
always  absorbs  y\\^utme  volume  of  gat.  Whether  the  prcs>urc  be  great  or  small,  ihc  vnlume  of  tbe 
gas  absorbed  is  equally  great  (  ir.  Henry),  But  according  to  Uoylc  and  Mariotte's  law  (1679), 
when  the  pressure  within  the  same  %>^lume  of  gas  is  increased,  the  volume  varies  inversely  as  the 
pressure. 

Hence  it  follows  that,  witli  varying /reisu re,  the  volume  of  gas  absorbed  remains  (he  same,  but 
the  ip*antit\  cf  gm  {weighty  demity)  is  di red iy proportional  to  the  freisnre.  If  ihe  pressure  :=o, 
the  weight  ofthe  gas  absorbed  must  also  :=  o.  As  a  necessary  result  of  this,  wc  see  thai  (l) 
fluids  can  be  freed  of  their  absorbed  x'^^fi  '**  "  vacuum  under  an  air  pump. 

Coefficient  of  Absorption  means  the  volume  of  a  gas  (0°  C.)  which  is  absorbed  by  a  unit  of 
volume  of  a  bquid  (at  760  mm.  Mg)  at  a  given  temperature.  The  volume  oi  a  gas  absorbed,  and 
iberefo  e  (he  cocfiicient  of  ahsorption.  is  quite  independent  of  the  pasture,  while  (he  loeigkt  til  the 
gas  is  proportional  to  it.  Temperature  has  an  imiKtnani  intluence  on  the  coefficient  of  absorption. 
With  a  low  lem])crB(urc  it  is  greatest ;  it  diminishch  as  the  temperature  increases  ;  and  at  the  Act/ing 
poinixi  --  o.  Hcucc,  it  follows  that  {2)  absorheil  ^asej  may  be  expelled  from  fluids  simpiy  by 
eausing  the  fluids  to  bi'il.  The  coefficient  of  absorption  diminishes  for  different  fluids  and  gases 
with  increasing  tcmperaiure,  in  a  sptdalt  and  by  no  means  uinforra,  manner,  which  must  Ik  deter- 
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mined  enipirically  fur  each  liquid  and  gas.  Thus  the  coefficient  of  absorption  for  CO.j  in  water 
diminishes  with  on  increasing  Icmpcramrr,  while  that  for  II  in  water  remains  unchanged  between 
o°  and  20"  C. 

Diffusion  and  Absorption  of  Gases.— Diffusion  of  Gases. — Gases  which  do  not  enter  into 
chcmicnl  comhinarinn-i  wiih  each  other  mix  with  each  other  in  quite  a  reRuIar  proportion.  If,  f.  £., 
the  necks  of  two  flasks  be  placed  in  communicaiion  bj  means  of  a  glass  or  other  tube,  and  if  the 
lower  flask  contain  CO,,  and  the  upper  one  H,  (lie  gase&  mix  ^ui/r  imitprndtntiy  of  their  aifftrent 
jr/A-i'/fr  x'rrtri>/>j,  both  gases  forming  in  each  flask  a  perfectly  uniform  mixture.  The  phenomenon 
is  called  the  diffusion  of  leasts.  If  a  parous  membrane  be  previously  inserted  between  the  gasei^, 
the  exchange  of  gases  still  goes  on  through  the  membrane.  Hut  (oi*  with  endo5mo!>i<>  in  fluids) 
the  gases  pass  with  unequal  rapidity  through  ihr  portrs.  so  that  at  the  beginning  of  the  experiment  a 
larger  amount  of  gas  is  found  on  one  side  of  the  membrane  than  on  the  other.  According  to  Gra- 
ham, the  rapidity  of  the  difhision  of  the  gases  through  the  pores  is  inversely  propotlional  to  the 
■qturc  root  of  their  specific  gravities.     (According  to  Itunsen,  however,  this  is  not  quite  correct.) 

Different  Gases  Forming  a  Gaseous  Mixture  do  not  Exert  Pressure  upon  One  Another. 
— Gases,  therefore,  pass  into  a  s[>ace  tilled  with  another  gas,  as  ihey  would  [>a&s  into  a  vacuum  If 
the  surface  of  a  fluid  containing  ah;«orbcd  gases  be  placed  in  contact  with  a  very  large  quaniitv  of 
anulher  gas,  the  absorbed  ga.<*e&  diifusc  Into  rht;  latter.  Hence,  absorlied  gases  can  he  removed  by 
(j)  A'-"'"A'  *'  tf^^fi"*  of  am^her  gas  through  the  fluids  or  by  merely  shaking  up  the  fluid  if  it  h  anofher 

Partial  Presstire. — \{  two  or  more^ases  are  mixed  in  a  closed  space  over  a  fluid,  as  the  different 
gases  existmg  in  a  gaseous  mixture  exert  no  pressure  upon  each  other,  the  several  gnses  are 
absorbed.  The  weight  of  each  absorbed  is  proportional  to  the  presaure  under  which  each  gas 
would  t>c  were  it  the  only  gas  in  the  sj>ace.  This  pressure  is  called  tht:  ftariiat  prtisure  of  a 
gas  (  HuHsen).  The  ntworption  of  gases  from  their  mixtures,  therefore,  \s,  pn'portiimal  to  the  par' 
tial preuure.  The  partial  pressure  of  a  gas  in  a  space  is  at  the  same  time  the  expression  for  the 
tension  of  the  gas  absorbed  by  a  fluid. 

The  air  contains  o.2og6  volume  of  O,  and  0.7904  volume  N.  If  I  volume  of  the  air  be  placed 
under  apressurc,  P,  over  water,  the  partial  pressure  under  which  <)  is  absorbed  ^=  0.2096  P;  that 
for  N  ^3  0.7904  P.  At  0°  C,  and  760  mm.  pressure,  I  volume  of  water  absorlw  0.02477  volume  of 
air,  consisting  of  0.00S62  volume  O,  and  0.01615  volume  N,  It  contains,  therefore,  34  per  cent. 
O  and  66  per  cent.  N.  Therefore,  waier  absorbs  from  the  air  a  mixture  of  gases  umtaining  a 
ia^tr  peneHta^e  of  O  thnn  the  air  itself. 

34.  EXTRACTION  OF  THE  BLOOD  GASES.— [The  hinod  to  be  analyzed  mttst  be 
CDlleded  over  mercur)-,  so  as  to  avoid  its  contact  with  air.  This  is  ea.>(ily  done  by  mean&  of  a  special 
apparatus,  consisting  of  a  graduated  tube  filled  with  mercury  and  communicating  with  a  glass  globe 
aUo  fille<l  with  mercury,  which  can  be  lowered  a<(  the  blood  flows  into  the  graduated  lube.] 

The  extraction  of  the  gases  from  the  bicxtd,  and  their  collection  for  chemical  analysis,  are  carried 
out  by  means  of  the  mercurial  pump  (t*.  Ludwig).  Fig.  19  shows  in  a  diagnunmolic  form  the 
arrangement  of  IflUgerV  gas  pump. 

It  consists  of  a  RBCEPTACLE  FOR  THR  Hi,o<»t)  or  *' Wood  bulb  *' ( A),  a  ^/oM^/tM^^  capable  of 
containing  250  to  300  c.c,  connected  above  and  below  with  tubes,  each  of  which  is  provided  with 
a  stop-cock,  a  and  b  ;  ^  is  an  ordinary  stop'Cock,  while  n  has  through  its  long  axis  a  perforation 
which  opens  at  x,  and  is  so  arranged  that,  according  to  the  jxisition  of  the  handle,  it  leads  up  into 
Ihe  blood  bulb  (position  x,  a\,  or  downward  through  the  lower  tube  (position  x',  a*).  This  blood 
bolb  is  6nt  completely  cmptie^l  of  air  (by  means  of  a  mercurial  air  pump),  and  then  carefully 
weigbeil.  One  end  (x')  of  it  is  tied  into  an  artery  or  a  vein  of  an  animal,  and  when  the  lower 
stop  cock  is  placed  in  the  position  (x,  t/)  blood  flows  into  the  receptacle.  \NTien  the  necessary 
amounl  of  blood  is  colleaed  the  lower  slop  cock  is  put  into  the  position  x\  a',  and  the  blood  bulb, 
after  being  cleaned  most  carefully,  is  weighed,  to  ascertain  the  weight  of  the  amount  of  blood  col- 
lected. The  second  put  of  the  apparatus  consists  of  the  froth  chamber,  B,  leading  upwanl  and 
downward  into  tubes,  each  of  which  is  provided  with  an  ordinary-  stop  cock,  r  and  d.  The  froth 
chamlicr,  as  its  name  denotes,  is  to  catch  the  froth  which  is  formed  during  the  energetic  evolution  of 
Ihe  gase^  from  the  blood.  The  lower  aperture  of  the  froth  chamtjer  is  connected  by  means  of  a 
weil-gmund  lube  with  the  blood  bulb,  while  above  it  communicates  with  the  third  part  of  the 
apparatus,  the  drying  chamber,  G.  Tliis  consists  "f  a  ||-shapcd  lube,  provided  below  with  a 
■mall  glass  bulb,  which  is  half  filled  with  sulphuric  acid,  whdc  in  'its  Hmbs  are  placed  pieces  of 
|ljDaniice  stone  also  moistened  with  >ulphuric  acid-  As  the  blood  gases  paiu  through  this  apparatus 
p|wbich  may  be  shut  off  by  the  stop  cocks,  e  and  /),  they  arc  freed  from  their  watery  vapor  by  the 
sulphuric  acid,  so  that  they  pa^s  quite  dry  through  the  stopcock,/  The  short,  well-ground  lube, 
D>  i*  fixed  toy,  and  to  the  former  is  altached  the  small  ^arowV/rfV  iWAr  or  wjano»r<'/rr,v,  which 
l^fedicatca  ihe  extent  of  the  vacuum.  From  I>  we  jkiss  to  the  pump  proper.  This  consists  uf  two 
(c  glass  bulbs,  which  are  continued  above  and  below  into  open  tubes;  the  lower  tubes,  Z  and  tc, 
ing  united  by  a  caoutchouc  tube,  G.  Both  the  bulbs  and  caoutchouc  tube  contain  mercury — the 
tkilbt  being  about  half  full,  and  K  being  larger  than  E.  Tlic  bulb  E  is  fixed  ;  but  Fcan  be  raised 
or  lowered  by  means  of  a  pulley  with  a  rack  and  pinion  motion.  If  F  be  raiscrl,  E  is  filled  ;  if  F 
be  lowered,  E  is  emptied.     The  upper  end  of  t  divides  into  two  tubes,  i'  and  h,  of  which  g  is 


58 


EXTRACnON   OF  THE  BLOOD   GASES. 


united  to  D,  The  »scendiDg  tube,  A  (gas- deli  very  lube),  U  very  narrow,  and  is  bent  so  that  its 
free  end  dips  into  a  vessel  containing  mercury,  v  (a  pneumatic  trough),  and  the  opening  U  placed 
exactly  under  the  lulx  fur  collecting  the  gases,  the  eu<ltometer.  J,  which  is  also  filled  with  mcrcurr. 
Where^and  H  unite,  there  is  a  two-way  stop-cock,  which  in  one  position,  II,  places  E  in  comniu- 
nicatioa  with  A,  B,  G,  D,  the  chambers  to  be  exhaust-'d,  and  in  the  position  K.  shuts  oflT  A.  B.  Oj 
D,  at»d  places  the  hulb.  K,  in  communication  with  the  gavdcHvcry  tut>c,  A,  and  the  eudiometer,  J. 

B,  G,  1)  are  completely  emptied  of  air,  thus  :     The  «op-cock  is  placed  in  the  position,  K ;  raise 
F  anlil  drops  of  mercury  issue  from  the  Ane  tube,  i  (not  yet  placed  under  J) ;  place  the  stop-cock; 

Fig.  19. 


0~Q 


^44 


^  H;^ 


4HIb 


/ 


Scberae  of  PflUger'i  Gas  Pump.  A,  blood  bulb ;  a,  tin^hcock,  with  a  loneiludinal  perfbnilion  apentnc  upward ;  •', 
Ibe  %mn>e  oyeaing  ilflvmward  ;  t  and  c,  itop-cocks;  B,  froth  cbamMi;  J,  r,/,  UOfr-cocks;  U,  drying  cmun- 
ben,  containinit  tulphunc  acid  and  pumice  itonc  \   D,  lutw,  witli  manamctcr,  /. 

in  the  position  H,  lower  F;  stop-cock  in  position,  K  and  so  on  until  the  barometer,  y^  indicates  a 
complete  vacuum.  J  is  now  placed  over  /.  Open  the  cocks  c  and  h,  so  that  the  blood  bulb.  A, 
communicates  wiih  the  rest  of  the  api>aratus,  and  the  blood  gaMrii  froth  np  in  It,  and  after  being 
dried  in  G  pass  toward  E.  Lower  F,  and  they  pass  into  E;  stop-cock  in  position  K,  raise  F,  and 
the  gases  are  collected  in  J.  under  mercury.  The  repeated  lowering  and  raising  of  V  with  the 
corresponding  position  of  the  stofi-cocks  ultimately  drives  all  the  ga»es  into  J.  The  removal  of 
the  gaaci  is  greatly  facilitated  by  placing  the  blood  bulb.  A,  in  a  veael  contaiaing  water  at 
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It  ut  well  »o  remove  the  gasci  from  the  Wood  immediately  after  it  is  coUccte<i  from  a  bloodvessel, 
because  the  0  uoderEocs  a  iliminuiioii  if  llic  blomJ  be  kept.  Of  course,  in  making  several  analyses 
It  is  difficult  to  do  this,  and  the  best  plan  to  pursue  in  that  case  is  to  keep  the  receptacles  comaining 
(he  blood  on  ice. 

Maynw  (1670)  ohBerved  that  cases  were  given  ofT  from  blood  in  vacuo.  Magnus  (1837) 
invcMigated  the  percentage  composition  of  the  blood  goseS.  The  more  important  recent  invea- 
ligaiinns  have  been  made  by  Ixiihar  Meyer  (1857),  and  by  the  pupils  of  C.  Ludwig  and  E.  PHUger. 

35.  QUANTITATIVE    ESTIMATION    OF    THE    BLOOD 

GASES. —  I  he  gases  obtained  from  blood  consist  of  O,  COj,  and  N.  Pfliiger 
obtained  (at  o"  C.  and  i  metre  Hg  pressure),  47.3  volumes  per  cent,  consisting 
of— 

O  16.9  per  cent, ;  COj  29  per  cent.  ;  N  1.4  per  cent. 
As  is  shown  in  Fig.  19,  the  gases  are  obtained  in  an  eudiometer,  i.  ^.,  in  a  nar- 
row tulie,  J,  closed  at  one  end,  and  with  a  very  exact  scale  marked  on  it,  and 
having  two  fine  platinum  wires  melted  into  its  upper  end,  with  their  free  ends 
projecting  into  the  tube  (/  and  «). 

(II  Esiimaiion  of  the  CO3. — A  ^nall  t>all  of  /ujft/  eausfu  p^/ajA,  fixed  on  a  platinum  wire,  is 
introduced  into  the  mixtarc  of  gases  through  the  lower  end  of  the  eudiometer,  under  cover  of  the 
mercury  The  surface  of  the  potash  ball  is  muiMeiied  before  it  is  introduced.  The  CO,  unites 
with  the  potash  to  form  (>ota$sium  carbonate.  Af'er  it  has  been  in  for  a  considerable  time  (24  hours), 
it  is  withdrawn  in  a  similar  manner.  The  diminution  in  volume  indicates  the  amount  of  CO^ 
absorbed. 

[2)  Bsitmation  of  the  O.— («;)  Just  as  in  estimalinj;  the  C0,»  a  ball  of  phapAttrus  on  a 
platinum  wire  is  introduced  into  the  eudiometer  {BeriAolfi)\  it  absorbs  the  O  and  forms  phosphoric 
acid.  Another  plan  is  to  employ  a  small  papier-mach^*  ball  saturated  with  pyro^aUic  acid  in  caustic 
/a/V/fi,  which  rapitlly  a!»orbs  O  (Z/Vi*/^').  After  the  ball  is  removed,  the  diminution  in  volume 
indicates  the  quantity  of  O. 

{i)  The  O  is  most  easily  and  accurately  estimated  by  esphtdini^  it  in  the  eudiometer  (  IW/a  aiui 
Bunteti).  Introduce  a  sufficient  quantity  of  It  into  the  eudiometer,  and  accurately  ascertain  its 
volume :  an  electrical  spark  is  now  paaseJ  between  the  wires,  p  and  n.  through  the  miulurc  of  gases ; 
ihe  (_>  and  H  unite  to  form  water,  which  causes  a  diminution  in  the  volume  of  the  gases  in  the 
eudiomt-ter,  of  which  •-;(  is  due  to  the  O  used  to  form  water  |H,0). 

(c\  Batimation  of  the  N. — When  the  CO,  and  O  are  estimated  by  the  above  method,  the 
rtmffinder  is  pure  N. 

36.  THE  BLOOD  GASES.— [In //i/wait  blood  the  average  is  estimated  lo 
be,  at  0°  C  and  t  metre  pressure, 

C  CO,  N 

Arterial  blood, ..,,.,..  16  30  I  to  2  per  cent. 

Venous  blood,  ..-,.....        6  to  to  35  I  to  3      •* 
or,  calculated  at  o*'  C  and  760  mm.  pressure, 

.\nerial  blood, 20  39  I.4  per  cent. 

Venous  blood 8  to   12  46  14        *'       ] 

I.  Oxygen  exists  in  arterial  blood  (dog),  on  an  average,  to  (he  extent  of  17 
volumes  pi.T  cent,  (at  0°  C.  and  1  metre  Hg  pressure)  {Pfliij;€r).  According  to 
FflUgcr.  arterial  blood  (dog)  is  saturated  to  ^  with  O,  while,  according  to  Htifner, 
it  is  saturated  to  the  extent  of  \\.  In  venousXAooA  thequantity  varies  very  greatly; 
in  the  blood  of  a  passive  muscle  6  volumes  per  cent,  have  been  found  ;  while  in 
the  blood  after  asphyxia  it  is  absent,  or  occurs  only  in  traces.  It  is  certainly  more 
abundant  in  the  comparatively  red  blood  of  active  glands  (salivary  glands,  kidney), 
than  in  ordinary  dark  venous  blood. 

[Modifying  Conditions. — The  amount  of  O  obtainable  from  the  blood  depends  upon  the  organ 
from  which  the  blood  c^^mes.  or  whether  the  oi^an  be  active  or  at  rest.     Thus  the  O  present  in  the 

Carotid  artery  is 31  per  cent.    I    Renal  vein  (kidney  active),  17  per  cent. 

kcnal  artery. 19       "  |     Renal  vein  (kidney  al  rest),       6         " 

Bert  finds  that  increase  of  the  atmospheric  pressure  from  i  to  10  atmospheres  increases  the  amount 
of  O  in  arterial  blood  from  20  to  over  24  per  cent.,  and  that  of  N  from  1.8  to  over  9  per  cent.,  while 
the  CU.  is  but  slightly  affected.] 

The  O  in  Blood  occurs — {a^  simply  absorbed  xvi  the  plasma,  This  is  only 
a  minimal  amount,  and  does  not  exceed  what  distilled  water  at  the  temperature  of 
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the  1>ody  would  take  up  at  the  partial  pressure  of  the  O  in  the  air  of  the  lungs 
{Loihar  Afryfr).  According  to  Fernet,  scrum  takes  up  slightly  more  O  than  cor- 
responds to  the  pressure,  and  this  is  ^>erhaps  due  to  the  trace  of  haemoglobin  con- 
tained in  the  plasma  or  the  serum,  and  which  is  derived  from  the  solution  of  red 
corpuscles. 

(^)  Aimost  the  iota!  O  of  the  blooii  is  chemically  united,  and  therefore  not 
subject  to  the  law  of  absorption.  It  is  hosely  united  to  the  haemoglobin  of  the 
red  corpuscles,  with  which  it  forms  oxyhiemoghbin  (§  15). 

The  absorption  of  this  quantity  of  O  is  completely  inde;}«ndent  of  pressure  ;  hence,  animjiU  con- 
fined in  a  cloftcd  space  until  they  are  nearly  a.fphyxiated,  can  use  up  almost  all  ihc  O  from  the 
surrounding  atmosphere.  The  fact  of  the  union  being  independent  of  pressure  i«  proved  by  the 
following  :  The  blood  only  gives  off  copiously  its  chemically  united  (>,  when  the  aimo^heric  pres- 
sure is  lowercil  to  20  millimetres,  Hg.  (  Worm  MiilUr)\  and,  conversely,  blcrad  only  lakes  up  a  little 
more  (>  when  the  pressure  is  increased  to  6  atmospheres  \Bert), 

Physical  Methods  of  obtaining  O  from  Blood. — Notwithstanding  this 
chemical  union  between  the  Htt  and  O,  however,  the  total  O  of  the  blood  can  be 
expelled  from  its  state  of  combination  by  those  means  which  set  free  absorbed 
gases — (a)  by  introducing  blood  into  a  Torricellian  vacuum  ;  (J))  by  boiling ;  (0 
by  the  conduction  of  other  gases  [H,  N,  CO,  or  NO]  through  the  blood,  because 
the  chemical  union  of  the  oxyha&raoglobin  is  so  loose  that  it  is  decomposed  even 
by  these  physical  means. 

Chemical  Reagents.— Among  chemkat  reagents  the  following  redudng 
substanccs^ — ^ammonium  sulphide,  sulphuretted  hydrogen,  alkaline  solutions  of 
sub-salts,  iron  filings,  etc.,  rob  blood  of  its  O  (p.  40). 

With  regard  to  the  taking  up  of  O,  the  total  quantity  of  blood  behaves  exactly 
like  a  solution  of  haemoglobin  free  from  O  {Preyer).  The  absorption  of  O  is 
more  rapid  in  blood  than  in  a  solution  of  Hb. 

Relation  to  Fe. — The  amount  of  iron  in  the  hlowl  (0.55  in  1000  pnrt^)  stands  in  direct  relation 
to  the  amount  of  Hb;  this  to  the  quantity  of  blood  corpuscles;  and  this,  in  tarn,  to  the  specific 
gravity  of  the  blnod.  The  amount  of  O  in  the  bloo«l,  therefore,  is  nearly  proportional  lo  the  specific 
gravity  of  the  hlood,  and  it  is  also  in  proportion  lo  the  amount  of  iron  in  the  blood.  Picard  afhrnii 
^at  2.36  grammes  of  iron  in  the  blood  can  fix  chemically  1  gnn,  O;  while,  according  to  Hoppe- 
Scyler,  the  pro|i>iriion  is  i  ntum  iron  lo  2  atoms  O. 

During  morphia  narcosis  ihc  amount  of  O  in  the  blood  is  diminished  [JEwaM)  ;  after  hemorrhage 
the  arterial  blood  is  saturjted  with  O  {J.  C.  Oit). 

Disappearance  of  O. — Even  immediately  after  blood  Ls  shed,  there  is  a  slight  disapp-arance  of 
O,  as  a  physiological  index  of  respiration  of  the  tissues  within  the  living  blood  itself  ({  133). 

When  blood  \%  kept  long  outside  of  the  blooi  vessels,  the  quantity  of  O  gradually  diminishes,  and 
if  it  be  kept  for  a  length  of  timr  at  a  hieh  temperature  it  may  disappear  altogether.  This  depends 
upon  decomposition  occurring  within  the  blood.  My  this  decumpoKiiion  in  the  blood  (cadavenc 
phenomenon),  reducing  substances  are  formed  which  consume  the  O.  All  kinds  of  blood,  however, 
do  not  act  with  equal  energy  in  consuming  O.  r.  .^'.,  venous  blooil  from  active  mntcles  acts  most 
energetically,  while  th.at  from  the  hepatic  vein  has  very  little  effect.  CO,  appeirs  in  the  blood  in 
place  of  the  O,  and  the  color  darkens.  The  amount  of  CO,  produced  is  sumeiimcs  greater  than 
thai  of  the  O  consumed, 

If  blood  (or  a  solution  of  oxyh.t;mog1obint  be  actcl  upon  by  acids  {f. g.,  tartaric  acid)  until  it  is 
strongly  acid.  O  maybe  pumped  out  in  considerably  le<s  amount,  while  the  formation  of  CO,  Is  not 
increased.  We  must,  iherefore.  assume  that,  during  the  decom{KMition  of  the  tlb  caused  by  the 
acids  ({  18),  a  decomposition  pro^luct  becomes  more  highly  oxidized  by  the  iutcruie  chemical  union 
of  the  O  at  the  moment  of  Ms  tm^n  {Lofhar  Afner,  ZuHit,  S/rtusfiurg).  The  same  phenomenon 
occurs  when  oxyhn^moglohin  is  decomposed  by  6o>Un^. 

37.  IS  OZONE  (O,)  PRESENT  IN  BLOOD?— On  account  of  the 
numerous  and  energetic  oxidaiionii  which  occur  in  connection  with  the  blood,  the 
question  has  often  been  raised  as  to  whether  the  O  of  the  blood  exists  in  the  form 
of  active  O  (O,),  or  ozone.  Ozone,  however,  is  contaitied  neither  in  the  blood 
itself  (Sehff/tfiet'ft)  nor  in  the  blood  gases  obtained  from  it.  Nevertheless,  the  red 
corpuscles  (and  Hb)  have  a  distinct  relation  to  ozone. 

(1)  Tcttt  for  Ozone.— Ilxrooglobin  acta  as  a  eom/tyer  of  099nf,  i.e.,  it  is  able  to  remove  the 
active  O  of  other  bodies  and  to  canvty  ot  transfer  it  at  once  to  other  easily  oxidtzable  substances. 
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(«}  Tuqtenline  which  has  been  expoied  to  the  air  for  a  long  time  alvrajri  coatuoa  ozone.  The  tests 
for  the  Utter  ;irc  starch  aii>]  p'jtassium  iodide,  the  o^ione  decomposing  the  iodide,  when  the  iodine 
UriUes  a  hlue  with  the  starch,  {d)  Kre!ihlj'-|irepared  tincture  of  guaiaciim  is  also  rendered  blue  by 
OM>ne.  If  some  tincture  of  g;uiiiacum  be  added  to  turpentine  there  is  no  reaction,  but  on  adding  a 
drop  of  blood  a  deep  blue  color  is  immediately  produced,  i.e.,  blood  takes  the  ozone  from  the  tur- 
pentine and  ftfHftys  it  at  nnce  to  the  dissolved  guaiacum,  which  becomes  blue  {ScASnMMt  //it).  It 
IS  immaterial  whether  the  lib  contains  O  or  not. 

(a)  It  has  been  asserted  also  that  haemoglobin  acts  as  an  ozane producer ^i.e.^ 
that  it  can  (onvcrl  the  ordinary  O  of  the  air  into  ozone.  Hence  the  reason  why 
red  blood  corpuscles  alone  render  guaiacum  blue.  This  reaction  succeeds  best 
when  the  guaiarum  solution  is  allowed  to  dry  on  blotting  paper,  and  a  few  drops 
of  blood  (diluted  5  to  10  times)  are  poured  on  it.  That  the  Hb  forms  ozone  from 
the  surrounding  O,  is  shown  by  the  experiment  in  which  even  red  blood  cor- 
puscles containing  carbonic  oxide  were  found  to  cause  the  blue  color  i^Kuknc  and 
Schoh). 

According  to  PflUger,  however,  these  reactions  only  occur  from  decomposition 
of  the  Hb,  and  as  a  result  of  this  view  the  blood  corpuscles  cannot  be  regarded 
as  producers  of  ozone. 

Sulphun'tted  hydrogen  is  decomposed  by  blood  (as  by  ozone  itself)  into  sulphur  and  water. 
Hydiic  peroxide  is  deconi[x>scd  by  bluud  into  O  and  water  [but  this  reaction  is  prevented  by  the 
addition  of  a  small  amount  of  hydrocyanic  ncid  {SihoHl>ein)\.  Crystallized  Hb  dues  not  do  this, 
and  (l,Oj  oiay  be  cautiously  injected  into  the  bloodvessels  of  animals.  This  would  show  that 
»tn€hangtti  Hb  iloes  not  produce  ozone. 

Various  Fortns  of  Oxygen. — There  are  three  forms  of  oxygen:  (l)  The  ordinary  oxygen 
(O,)  in  the  air.  (2|  Active  or  nascent  oxygen  (()),  whicn  never  can  occur  in  the  free  state,  but  the 
moment  it  ii  formed  acts  as  a  powerful  oxidizing  agent  and  prixiuces  chemical  compounds.  It 
coovcrls  water  into  hydric  peroxide — the  N  of  the  air  into  nitrous  and  nitric  acids,  and  even  CO 
IDto  CO,,  which  oeone  does  not.  It  certainly  playa  an  important  part  in  the  organism.  (3)  Ozone 
(O,),  which  ts  formed  by  ibt  dccomposiliou  of  scvcnd  inolccules  of  ordinary  nxygcn  (Oj)  into  two 
otouu  of  O,  and  the  appropriation  of  each  of  these  atoms  by  a  molecule  of  undecomposed  oxygen. 
It  is  oxygen  conrJcnNcd  to  }  of  its  volume. 

38.  CARBON  DIOXIDE  AND  NITROGEN  IN  BLOOD.— 11. 
Carbon  Dioxide. — In  arterial  blood  there  are  about  30  volumes  per  cent,  of 
COj  (at  o''  C.  and  i  metre  pressure — Setschenvww  but  in  venous  blood  the  amount 
is  very  variable,  e.g.,  in  (he  venous  blood  of  passive  muscles  thtre  are  35  volumes 
per  cent.  iS*ielkow)i  while  in  the  blood  of  asphyxia  there  may  be  52.6  volumes 
per  cent.  The  amotmt  of  COj  in  the  lymph  of  asphyxia  is  less  than  that  in  the 
blood  iBuehner,  Gau/e). 

The  CO3  in  the  entire  ma.ss  of  the  blood  may  be  extracted  from  it  or  completely 
pumped outf  but  during  the  proctss  of  evacuation,  or  removal  of  the  gas,  a  new 
property  of  the  red  blood  corpuscles  is  produced,  whereby  they  assume  the  func- 
tion of  an  acid,  and  thtis  aid  in  the  (-/t/m/V-tf/ expulsion  of  the  CO,.  This  acid- 
like property  of  the  red  corpuscles  occurs  especially  in  the  presence  of  O  and 
beat. 

(A)  The  CO,  in  the  Plasma. —  /%<•  largest  portion  of  the  CO^  belongs  to  the 
plasma  (or  serum)  and  it  a]>t>ears  all  to  be  in  a  state  of  chernical  combination. 
Serum  takes  up  CO,  quite  independently  of  pressure,  hence  it  cannot  be  merely 
absorbed.  A  certain  part  of  the  CO,  can  be  removed  from  the  serum  (plasma)  by 
the  Torricellian  vacuum,  while  another  part  is  obtained  only  after  the  addition  of 
an  acid.  [The  latter  is  called  the  '*  fixed"  CO,,  while  the  former  is  known  as  the 
*' loose"  CO,.] 

The  union  of  CO,  in  the  serum  may  take  place  in  the  following  ways: — 

(1)  CO,  is  united  to  the  soda  of  the  plasma  in  the  form  of  "  sodie  carbonate.** 
|>Thi^  portion  of  the  CO«  can  only  be  displaced  from  its  combination  by  the  addi- 
tion of  an  acid.  (In  depriving  blood  of  its  gases  the  red  corpuscles  play  the  r6le 
of  an  acid.) 

(a)  A  portion  of  the  CO,  is  loosely  united  to  sodic  carbonate  in  the  form  of 
idie  bicarbonate ;  the  carbonate  lakes  up  i  equivalent  of  CO, ;  Na,CO,  +  CO,  -|- 
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H»0  —  2NaHCO,.     This  CO,  may  be  pumped  out,  as  in  the  process   the  bi- 
carbonate splits  up  again  into  the  neutral  carbonate  and  CO,. 

Preyer  has  objected  to  this  view  on  the  ground  that  blood  is  Alkaline  in  reaction,  while  all 
solutions  thai  coulnin  CO,  in  a  stale  of  aliM^rption,  ot  Ioo&c  chemical  combinatiun,  arc  always  acid. 
I'fliitfcr  and  Zuotz  showed  that  blood,  after  being  completely  saturated  with  CO,  still  retnatns 
fllkaline. 

As  the  bicarbonate  only  gives  up  its  CO,  very  slowly  in  vacw,  while  blood  gives  off  its  CO ,  very 
energetically,  perhaps  the  soda,  united  with  an  albuminous  body,  combines  with  the  CO,  and  lomu 
a  complex  compound,  from  which  the  CO,  is  rapidly  given  ofl  in  vaiuo. 

(3)  A  minimal  portion  of  the  CO,  may  be  chemically  united  in  the  plasma  with 
ntutral sotik phoiphat€  (^F^rnft).  One  equivalent  of  this  salt  can  fix  one  equiva- 
lent of  CO31  so  aciii  sodium  phosphate  and  acid  sodium  carbonate  are  formed, 
Na,HPO,  H-  CO,  +  H,0  ==  NaH,PO.  +  NaH,CO,(//crMa«/o.  When  the  gases 
are  removed  the  CO,  escapes,  and  neutral  sodic  phosphate  remains. 

It  is  probable,  however,  that  almost  qU  the  s)dic  phosphate  found  in  the  blood-ash  arises  from 
the  burning  uf  lecithin;  we  have,  ihcrcfure,  tu  coniiiuer  only  the  very  small  amount  of  ibis  ult 
which  occurs  in  the  pbsma  {//ofpc-SeyUr  and  Ser/o/i). 

(B)  The  COj  in  the  Blood  Corpuscles. — The  red  corpuscles  contain  CO, 
in  a  loose  chemical  combination;  lor  (i)  a  volume  of  blooa  can  fix  nearly  as 
much  CO(  as  an  equal  volume  of  serum  i^LuJwig,  A/.  Schmid/))  and  (3)  with 
increasing  pressure,  the  absorption  of  CO,  by  btood  lakes  place  in  a  different 
ratio  from  what  occurs  with  serum  {Pfliiget^  Zuntz).  The  red  corpuscles  may  fix 
more  COj  than  their  own  volume,  and  the  union  of  the  CO,  seems  to  depend 
upon  the  Hb;  for  Setschenow  found  that  when  Hb  was  acted  on  by  CO,,  its  power 
of  fixing  the  latter  was  increased,  which  is,  perhaps,  due  to  the  formation  of  some 
substance  (paraglobulin)  more  suited  for  fixing  CO^.  The  colorless  corpuscles 
also  fix  COj  aftt;r  the  manner  of  the  serum  constituents,  and  to  the  extent  of  \  to 
■^^  of  the  absorbing  power  of  serum  i^Siischen^w). 

III.  Nitrogen  exists  in  the  blood  to  the  extent  of  1.4  to  1.6  vol.  per  cent., 
and  it  appears  to  be  simply  absorbed. 

After  the  use  of  I,  Hg,  so<lic  oxalate  and  nitrate,  there  is  a  diminuiion  of  CO,  in-arterial  blood 
\Feitelberg)^  and  also  in  fever  \  Grpfirri,  MmiimnJbi}.  [In  the  last  case  it  is,  perhaps,  due  to  the 
diminished  alkalinity,  and  this  is,  iu  part,  owing  to  llie  acid  products  formed  by  the  decomposition 
of  the  tissues.] 

It  is  still  doubtful  whether  a  small  part  of  the  N  exists  chemically  united  in  the  red  coq^uscles. 
Outside  the  body,  wneii  blood  is  heated,  and  when  there  is  a  free  supply  of  O  and  warmth,  il  give* 
off  very  minute  iiuantiucs  of  ammonia,  ^ivhich  are,  perhaps,  derived  from  the  decomposiuon  of 
some  salt  of  amniunia  as  yet  unknown  [A'ilAne  and  Sfmuih). 

39.  ARTERIAL  AND  VENOUS  BLOOD.— Arterial  blood  contains 
in  solution  all  those  suhstanres  which  are  necessary  lor  the  nutrition  of  the  tissues, 
those  which  are  employed  in  secretion,  and  it  also  contains  a  rich  supply  of  O. 
Venous  blood  must  contain  less  of  all  these,  but,  in  addition,  it  holds  the  used-up 
or  elTcte  substances  derived  from  the  tissues,  and  the  products  of  their  retrogressive 
metaboliitm  are  more  numerous;  there  is  in  venous  blood  a  larger  amount  of  CO,, 

It  is  evident,  also,  that  the  blood  of  certain  veins  must  have  special  characters. 
e.g.,  that  of  the  portal  and  hepatic  veins, 

[.According  to  C.  Schmidt,  the  blood  of  the  portal  vein  contains  more  water,  plasma,  salt*  and 
fats,  but  leas  extraciives  and  coq^uscles,  than  ilie  blood  of  the  hepatic  veinj  while  (when  an  anmial 
is  noi  digesting!  sugar  is  absent,  or,  al  least,  oidy  in  traces  in  the  portal  vein,  and  m  considerable 
amount  in  the  hepatic  vein  y'^  175).] 

The  following  are  the  most  important  points  of  difference  between  arterial 
blood  and  venous  blood  : — 

Arterial  Blood  coDtoins— 


more  <!>, 
leai  CO,, 
more  water, 
more  fibrin. 


more  extractives, 

more  salts, 

more  sugar, 

fewer  blood  corpuscles, 


less  urea. 

It  is  bright  red,  and  not 

(lichrolc. 
As  a  rule,  il  is  i**  C.  warmer. 
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The  bright-red  color  of  arterial  blood  depends  on  the  presence  of  oxyhaemo- 
globia,  while  the  dark  color  of  venous  blood  is  due  to  its  smaller  proportion  of 
uxyhcemoglobin  and  the  quantity  of  reduced  hiemoglobin  which  it  contains.  The 
dark  change  of  color  is  not  to  be  attributed  to  the  larger  quantity  of  CO,  in  venous 
blood  {Marc/tafu/) ;  for  if  equal  qualities  of  O  be  added  to  two  portions  of  blood, 
and  if  CO,  be  added  to  one  of  them,  the  color  is  not  changed  KPftuser). 

40.  QUANTITY  OF  BLOOD.— In  the  adult,  the  quantity  of  blood  is 
equal  to  ^  of  the  body  weight  {^Bischoff)  \  in  newly-born  children  ^  (  W^Uker), 

According  (u  ScliUcking,  the  amount  of  blood  in  a  ncwly-bora  child  depends,  to  »Dtnc  extent, 
upon  the  time  at  which  the  umbiUcal  cord  is  ligatured.  The  amount  ^  ^  of  the  l»dy  wci;;ht  wheo 
the  cord  is  tied  al  ouce,  while  if  il  Is  tied  sumcwhat  later,  it  nieiy  be  \.  Immediate  ligature  uf  the 
curd  may,  therefore,  deprive  n  newly-t}om  child  of  a  huivdred  grammes  of  blood.  Funher,  the 
number  of  corpuscles  Is  less  in  a  child  after  immediate  ligature  of  the  umbilical  curd  ihan  when  it 
is  lied  sumewhal  later  \^Heloi). 

Various  methods  are  adopted  to  ascertain  the  amount  of  blood,  but  perhaps 
that  of  Wclcker  is  the  best. 

The  methods  of  Vntcniin  (iSjS)  and  Ed.  Weber  (1650)  are  not  now  oicd,  as  the  results  obtained 
are  not  sufficieuily  accurate. 

Method  of  Welcker  (1S54). — Begin  by  taking  the  weight  of  the  animal  to  be  experimented 
on;  pUcc  a  cannula  in  rlie  carotid,  and  allow  the  blood  to  run  Into  a  flask  previously  weighed,  and 
io  which  small  pel)ble^  lur  Ilg)  have  licen  placed,  in  orJer  to  delibrinaie  the  blood  by  s^haking. 
Take  a  part  of  this  dchbhnated  blood,  and  make  it  cherry-red  in  color  by  pasMng  through  it  a 
stream  of  CO  (because  ordinary  blood  varies  iu  color  according  to  the  amuunt  of  (!)  cuntained  in  it 
— GicheidUn^  ilfid<nhain\.  Tie  a  ^  -shaped  canula  in  the  luo  cut  ends  of  the  carotid,  and  allow 
a  0.6  per  cent,  solution  of  common  salt  to  How  into  the  vessel  from  a  pressure  bottle;  collect  the 
colored  fluid  isi&uing  from  the  jugular  veins  and  inferior  vena  cava  until  the  fluid  i»  quite  clear. 
The  entire  body  is  then  chopi>ed  up  (with  the  exception  uf  the  contents  of  the  stomach  and  intes- 
tines, which  arc  weighed,  and  their  weight  deducted  from  the  body  weight),  and  extracted  with 
water,  and  after  twenty-four  hours  the  Huid  Is  expressed.  This  water,  as  well  as  the  wa^hin^s  with 
salt  srilution,  are  collected  and  weighed,  and  part  of  the  mixture  is  saturated  with  CO.  .^  sample 
of  this  ddute  blood  is  placed  in  a  vessel  with  parallel  sides  [i  cm.  apart),  opposite  the  tight  (the 
so-caJled  ha^uatinomeier),  and  in  a  second  vessel  of  the  same  dimensions  a  sample  of  the  undi- 
luted O!)  bloott  is  diluted  with  water  from  a  buretle  until  both  fluids  give  the  same  intemity  of 
coior.  From  the  quantity  of  water  required  to  dilute  the  blood  to  the  tint  of  the  washings  of  the 
blood  vessels,  the  quantity  of  blood  in  the  washings  is  calculated.  [On  chopping  up  the  muscles 
alone,  we  obtain  the  amauni  ol   lib  present  in  ihcm,  which  is  not  taken  into  calculation —A w^nr.) 

Quantity  of  Blood  in  Various  Animals. — The  quantity  of  blood  in  the 
mouse  --  T^j  10   1^3  ;  guinea  pig  ^^ .7  (^i-  to  5^)  ;   rabbit  =  ,J.p  {-f^  to  ^^)  ;  dog 

=  A  (iV  ^*>  iVJ  ;  ^-■'^f  =  3I0  J  ^^^*^^  —  A  ^^  ^\  '>  f"rog  =-  T^  to  ^^  ;  fishes  ^  ^^ 
to  A  of  the  body  weight  (without  the  contents  of  the  stomach  and  intestines). 

The  specific  gravity  of  the  blood  ought  always  to  betaken  when  estimating  the 
amount  of  blood.  The  amount  of  blood  is  diminished  during  inanition;  fat 
persons  have  relatively  less  blood  ;  after  hemorrhage  the  loss  is  at  first  replaced  by 
a  watery  fluid,  while  the  blotxl  corpuscles  are  gradually  regenerated. 

Blood  in  Organs. — The  estimation  of  the  quantify  of  bhod  in  different  organs 
is  done  by  suddenly  ligaturing  their  blood  vessels  intra  vttam,  A  watery  extract 
of  the  chopped-up  organ  is  pre[>ared,  and  the  quantity  of  blood  estimated  as 
described  above.  [Roughly  it  may  be  said  that  the  lungs,  heart,  large  arteries, 
and  veins  contain  ^  ;  the  muscles  of  the  skeleton,  ^  ;  the  liver,  j^  ;  and  other 
organs,  ^^  {Jiani'e).'] 

41.  VARIATIONS    FROM  THE  NORMAL  CONDITION  OF  THE  BLOOD.— 

(Aj  Polyaemi*. — (i)  An  increase  in  the  entire  niasit  of  ihe  \j\o\M\,urii/i.trfnly  in  a^i  t'fX'tns,  con- 
stitutes/I'/tu-wM  for /A'/«4i>rd),  and  in  over  nourished  individuals  it  may  approach  a  pathological 
condition.  .\  lilui<ih>red  color  uf  (he  i^kin,  swollen  veins,  large  arteries,  hard,  full  pulse,  injection 
of  (he  capillaries  and  smaller  vessels  of  the  visible  mucous  membranes  are  signs  of  this  stale,  and 
when  accompanied  by  congestion  of  the  brain,  give  rise  to  vertigo  and  congestion  of  the  lungs,  ai 
shown  Viy  brcalblessness.  After  major  amputaliumi  with  little  loss  of  blood  a  relative  increase  of 
bloo<l  has  been  lound  (?)  {fiefhora  apocoptitn).     [In  this  case,  the  plethora  is  transient.] 

Trmntfuaion.—  I'ulyajmia  may  be  produced  aniticially  by  the  tnjteiion  0/  Mood  of  the  same 
species.      If  the  normal  quantity  of  bluod  be  increased  Sj  per  cent,  iiu   abnormal   condition   occurs, 
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1>eciu«e  the  blood  pressure  is  not  pennanently  raised.  The  excess  of  blood  is  iccommodated  in 
the  greatly  distended  capillaries,  which  may  be  stretched  beywn<l  their  normal  ela.siicity  [  trorm 
M&lUr).  If  it  be  increased  In  150  per  ccni.  there  arc  variations  in  the  blood  [>ressnre,  life  is 
endangered,  and  there  may  be  sudden  rujAurc  of  bluod  vessels  (  Worm  Atu/Ur). 

Fate  of  Transfused  Blood. — After  the  transfusion  of  blood  the  fonnaiion  of  lymph  is  greatly 
increased  ;  but  in  one  or  two  days  the  »crum  i^  used  Up,  the  water  is  excreted  chiefly  by  the  urine, 
and  the  albumin  is  partly  changed  into  \irtv^{La»ciais).  Hence,  the  bloud  at  thi!>  lime  appean  to 
be  relatively  richer  in  blood  corpuscles  {/'tinum,  t^mr,  H'orm  Mulifr).  The  red  corpuscles 
break  up  much  more  slowly,  and  the  products  thereof  arc  partly  excreted  as  urea  and  partly  (hut 
not  cuustonUy)  as  bile  pigments.  Even  after  a  luoulh  an  increase  of  culored  bluot)  corpuscles  bos 
been  obeerved  (  J'schirjew).  That  the  blood  corpuscles  are  broken  up  slotL'iy  in  the  economy  is 
proved  by  the  fact  that  the  amount  of  urea  is  much  larger  when  the  same  quantity  of  blood  is 
awaltowc^  by  the  animal  than  when  an  equal  amount  is  transfused  {Tichirjrto,  Lant/ois).  In  the 
latter  case  there  is  a  moderate  increase  of  the  urea,  lastmg  for  days,  a  proof  of  the  slow  decompoM- 
tton  of  the  red  corpuscles.  Pronounced  overfilling  of  the  vessels  causes  loss  of  appetite  and  a  teti- 
dency  to  hemorrhage  of  the  mucous  membranes. 

(2)  PolysEinia  serosa  is  that  condition  in  which  the  amount  of  serum,  i.  ^.,  the  amount  of 
water  in  itie  bUKxl,  is  increased.  This  may  be  produced  artilicially  by  the  transfusion  of  blood 
serum  frum  the  ^an1e  species.  The  water  is  soon  given  otf  in  the  urine,  and  the  albumin  is  decom- 
posed into  urea,  without,  however,  (lassing  into  the  urine.  An  animal  forms  more  urea  in  a  short 
time  from  a  (|uaiiiity  of  transfused  serum  than  from  the  same  quantity  of  blood,  a  proof  that  the 
blood  cor|>u&cIes  remain  longer  undccomposetl  than  the  Mrum  ( forsUr,  Landoh).  If  serum  from 
another  s))ecies  of  animal  be  used  \f-S-*  *J"K''  serum  transfused  into  a  rabbit),  the  blood  corijusclcs 
of  the  recipient  arc  dissolved;  hnrmogloOinuna  ts  produced  \Pcnfick)\  and  If  there  be  general  disso- 
lution of  the  coi^:>usclcs,  death  may  occur  {^Landois). 

Polyxmia  aquosa  is  a  simple  increase  of  the  water  of  the  blood,  and  occurt  temporarily  after 
copious  drinkti\g,  tnil  incrcaM:d  diuresis  soon  restores  the  normal  condition.  Diseases  uf  the  kid- 
neys which  destroy  their -secreting  parenchyma  produce  this  condiiiun.  and  often  general  dropsy, 
owing  to  the  passage  of  water  into  the  tissues.  Ligature  of  the  ureter  produces  a  watery  condition 
of  the  blood. 

(3)  Plethora  polycythaemica,  Hyperglobulie.— An  increase  of  the  red  corpuscles  has  been 
assumed  tu  cKcur  when  customary  regular  hcmorrnagesare  interrupted,  e.  g,,  menstruation,  bleeding 
from  the  uose,  etc.;  but  the  increase  of  corpuscles  has  not  been  deimitely  proved.  There  is  a  provcdj 
case  of  temporary  polycytharmia,  viz,,  when  similar  bloo<l  is  transfused,  a  part  of  the  Rutd  being  use  ~ 
up,  while  the  corpuscles  remain  unchanged  for  a  considerable  time.  1'here  is  a  remarkable  inci 
in  the  number  ol  bluod  corpuscles  (lo  S  82  millions  per  cubic  millimeter,  p.  iS)  in  certain  scvci 
cardiac  affections  »  here  there  is  great  congestion,  and  much  water  Iransudcs  through  the  vessel 
In  cases  of  hemiplegia,  for  the  same  reason,  the  number  01  corpuscles  is  greater  on  the  paralyzed! 
congested  side  {Penio/d!).  After  diarrh-ea,  which  dinimisheslhe  water  of  the  blood,  there  is  also 
an  increa.te  ( lirouardels.  Thf-rc  is  a  temporary  increase  in  the  h.Tmatoblasts  as  a  reparative  process 
after  severe  hemorrhage  (§  7),  or  alter  acute  d»ease&.  In  cachectic  conditions  this  increase  con- 
tinues, owing  to  tne  diminisned  non-conversion  of  these  corpuscles  into  red  corpuscles.  In  (be 
last  stages  ol  cachexia  the  number  diminishes  more  and  more  uniil  the  formation  of  haEmaioblasta 
Ceases  {Nayem). 

(4J  Plethora  hyperalbuminosa  t<;  a  term  applied  to  the  increase  of  albumins  in  the  plasma, 
such  ai  occurs  after  taking  a  large  amount  of  food.  A  similar  condition  is  [n-cduced  by  transfusing 
(he  serum  of  the  same  species,  wtiereby.at  the  same  time,  the  urea  is  increased.  Injection  of  egg 
albumin  pruduces  albuminuria  i^Sioh-is  LehtnanH). 

[The  subcutaneous  injection  of  human  blood  has  been  practiced  with  good 
results  in  anemia  {v.  Ziemssen).  When  dt'fibrinated  human  blood  is  injected  sub- 
cutaneouslyj  while  us  pxss^igc  into  the  circulation  is  aided  by  tna-ssage,  it  causes 
neither  pain  nor  inflammation^  but  the  blood  of  animais^  and  a  solution  of  haemo- 
globin, always  induce  abscess  (^^flfswr).  Hlood  is  also  rajiidly  absorbed  when 
injected  in  small  amount  into  the  respiratory  passages.] 

Mellltjemia — The  sugar  in  the  blood  is  partly  given  ofl'  by  the  wrm/,  and  in  "  diabetfls 
mellituB  "  I  kilo.  (3.2  lb)  may  be  given  otf  daily,  when  the  <|uaniiiy  of  urine  may  nsc  to  35 
kilos.  To  replace  this  loss  3  large  amount  of  food  and  drink  is  rcijutred,  whereby  the  urea  may  be 
increased  threefold.  The  increased  production  of  sugar  causes  an  increased  dcoompoettioa  nf 
albuminous  tissues;  heocc,  the  urea  is  always  increased,  even  though  the  supply  of  albumin  be 
insufhcicut.  The  patient  loses  flesh  ;  all  the  glands,  and  even  the  testicles,  atrophy  or  degenerate 
(pulmonary  phthisis  is  common):  the  skin  and  bones  become  thirmer ;  the  nervous  system  holds  out 
longest.  The  teeth  become  carious  on  account  of  the  acid  saliva,  the  cryrtalline  Ichm  becomes 
turbid  from  the  amount  of  sugar  m  the  fluid  of  llic  eye  which  extracts  water  frum  the  lens  yKundt.^ 
iienbtl)^  and  wounds  heal  badly  because  of  the  abnurmal  condition  of  the  blood.  Absence  of  all 
carbohydrates  in  the  food  causes  a  diminution  of  the  sugar  in  the  blood,  but  docs  not  cause  it  to 
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dUippear  entirely.     [The  sugar  in  the  blood  is  also  incrcaKcd  after  the  inhalation  of  chloroform  or 
*myl  nitrite,  ami  after  the  use  of  curaro,  nitroben/ole  ami  chloral  ({  i75J.] 

An  exce-^ve  amnuntof  inosiic  ha«  been  found  in  the  blood  and  urine  (^  267),  constituting  melU- 
turim  iDoaita  ( loi/}. 

Lip<emia.  or  an  increase  of  the  Pat  in  th«  Blood,  occurs  after  every  meal  rich  in  fat,  so  that 
the  serum  may  Ixrcomc  turblH  Hkc  milk.  I'alhologically,  this  occurs  in  a  high  degree  in  drunk, 
ards  and  in  corpulent  individuals.  When  there  is  grcxt  dccumjw&ition  of  albumin  in  the  body 
(and,  therefore,  in  vcr/ severe  diseases},  the  fat  in  the  blood  increases,  and  ihii  also  lakes  place 
after  a  liberal  supply  of  easily  decomposable  carlMihydrales  and  much  fat. 

The  Sails  remain  very  persistently  in  the  blood.  The  withdrawal  of  common  salt  produces 
albuminuria,  and,  if  all  sails  be  withheld,  pnralylic  phenomena  occur  {FcrsUr).  Over  feeding  with 
■alted  food,  such  ax  s.ilt  meat,  has  caused  death  through  fatty  degcncraiion  of  the  tissues,  especially 
the  glands.     Withdrawal  uf  lime  and   phtjsplioric  acid   produces  atrophy  and  softening  of  the 

>nes.  In  infectious  <liseases  and  dropsies  the  sahs  of  the  blood  are  often  increased,  and  dimin- 
fished  in  tnnammau^>n  and  cholera.  [NaCI  is  absent  from  the  urine  in  certain  sia^'us  of  pneumonia. 
' ukI  it  is  a  good  sign  when  the  chlorides  begin  to  return  to  the  unnc.J  [In  Scurvy  the  corpus- 
cular etemeiti>  are  diminished  in  amount,  but  we  have  not  precise  information  as  to  the  salts, 
alihoogh  this  disea.sc  is  prevented,  in  persons  forced  lo  live  upon  preserved  and  salted  food,  by  a 
liberal  use  of  the  salts— especially  potash  tolls — of  the  organic  acids,  as  contained  in  lime  juice. 
In  Oout,  the  blood,  during  on  acute  attack,  and  also  in  chronic  gout,  contains  an  excess  of  uric 
acid  I  Garroii ).] 

The  amount  of  fibrin  is  increased  [hyperinonis]  in  inHammatinns  of  the  lung  nnd  pleura 
[croupous  pneumonia,  erysipelas],  hence,  such  blood  forms  a  trusUi phhgiitua  \\  27}.  In  other 
diseases  where  dccoin[>ositiunof  the  blood  corpuscles  occurs,  the  libriu  Is  increased,  perhaps  liccau&c 
the  dissolved  red  corpuscles  yield  m-itcrial  for  the  formation  of  hbnn.  After  repeated  hemorrhages, 
Sigm.  Miyer  found  an  increase  of  tibrin.  l^Iood  nch  in  fibrin  is  said  to  coagulate  more  shmly  than 
when  less  fibrin  is  present — still  there  are  many  exceptions. 

For  the  abnormal  changes  of  the  red  and  white  blood  corpuscles,  see  {  10 ;  for  Heemophilia, 
I  28. 

fH)  Diminution  of  the  Quantity  of  Blood,  or  Its  Individual  Constituents. — 11}  Oligc- 
mta  vera,  Aniemia,  or  diminniion  of  the  quantity  of  blood,  occurs  whenever  (here  is  hemor- 
rhage. Life  IS  endangered  in  newly-bnm  children  when  they  In^e  a  few  ounces  of  blood;  in 
jchildren  a  year  old,  on  losing  half  a  pound;  and  in  adults,  when  one-half  of  the  total  blood  is 

\\.  Women  Ijear  los«  of  blood  much  better  than  men.  The  periodic^  formation  of  bluod  after 
each  merisiruaiiun  seems  to  enable  bloo<l  to  be  renewed  more  rapidly  in  their  case.  Stout  persons, 
old  people,  and  children  do  nut  bear  the  loss  of  blood  well.  The  more  rapidly  blood  is  lost,  the 
mi->re  dangerous  it  is,  [A  moderate  loss  of  blood  is  soon  made  up,  but  the  fluid  port  is  more 
quickly  restored  than  arc  the  corpuscles.] 

Syirptoms  of  Loss  of  Blood. — Great  loss  of  blood  is  accompanied  by  general  paleness  and 
>ldncM  of  the  cutaneous  surface,  increased  oppression,  twitching  of  the  eyeballs,  noises  in  the  ears 
id  venijjo,   loss  of  voice,  great  breathlcssaesi,  stoppage  of  secretions,  coma;  dilatation  of  the 

ipils,  involuntary  evacuations  of  urine  and  fceces,  and  lastly,  general  convulsiuns,  arc  ^lurc  signs  of 
^Jt'iih  by  hemorrhage.  In  the  gravest  cases  restitution  is  only  po.s«hIe  by  means  of  transfusion. 
Animals  can  bear  the  loss  of  one-fourth  of  their  entire  blood  without  the  blood  pressure  in  the 
arteries  permanently  failing,  because  the  blood  vessels  contract  and  accommodate  themselves  lo  the 
smaller  tjuantiiy  of  blood  (in  consequence  of  the  stimulation  of  the  vasomotor  centre  in  the  medulla). 
The  loss  of  onettiiid  of  the  total  blood  dimiaislies  the  blood  pressure  considerably  (one  fourth  in 
the  carotid  of  ttie  di>^).  If  the  hemorrhage  is  not  such  a.s  to  cause  death,  the  Htud  part  of  the 
blood  and  the  dissolved  salts  are  reslore<l  by  absorption  from  the  ti.ssaeK,  the  blood  pressure  gradil- 
irmlly  rises,  and  then  the  albumin  x*  re^ored,  though  a  longer  time  is  required  for  the  formation  of 
eoq>u>cIcs.  At  tirst,  therefore,  the  blood  is  abnormally  rich  in  water  {Ayi/rfrmiu  \  and  at  last 
(ally  poor  in  corpuscles  {olij^flfytfttemie^  hypoglobulu').  With  the  incren.scd  lymph  stream 
which  pours  into  the  blood,  the  colorless  corpuscles  are  considerably  increased  above  oormal,  and 
during  the  fichud  of  restitution  fewer  red  corpuscles  seem  to  be  uaed  up  {t.g.^  for  btic). 

After  mixleraie  bleeding  from  an  artery  in  animals,  Uuntzen  observed  that  the  volume  of  the 
blood  was  restored  in  several  htfirs;  after  more  severe  hemorrhage  in  24  to  48  hours.  The  red 
bkud  ciirpusclcs,  after  a  lo»s  of  bb'od  equal  to  i.i  to  4.4  per  cent,  of  the  body  weight,  are  restored 
ily  after  7  to  34  days.  The  rcgderaiion  begini  after  24  hours.  During  the  period  of  regencra- 
ion  the  number  uf  the  smallest  blood  corpuscles  (harmatoblasts)  is  increased.  Even  in  man  the 
dnraiion  uf  the  period  of  regeneration  depends  n{>on  the  amount  of  blood  lost  (Z^vn)  The 
aawunt  of  harmoglobin  is  diminished  nearly  in  propodion  to  the  amount  of  the  hcmonhage  [Biua- 
Mere  atiit  ^ith'ioii). 

Metabolism  m  Aneemia. — ^The  condition  of  the  metaboUtm  within  the  bodies  of  anemic  per- 
important.     The  decomposition  of  proteids  is  increased  (the  same  is  the  case  in  hunger)* 

loe  the  excretion  of  urea  is  increased  (Hauery  JArgensen),     The  decomposition  of  fals,  on  (he 
,  IS  diminishetl,  which  stands  in  relation  with  the  diminution  of  CO.,  given  off.     Anemic 
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and  chtorotic  persons  put  on  fat  easily.     The  fattening  of  cattle  is  aided  by  occasional  bleeding! 
and  by  intercurrent  pCTtods  of  hunger  [Arisfotli). 

(2)  An  excc»ivc  thickening  of  the  blood  through  loss  of  water  is  called  OUgcmiA  sicca. 
This  occunt  in  man  after  copious  watery  evacuations,  as  in  cholera,  so  that  the  thick,  tarry  blood 
stagnalek  in  the  vessels.  Perhaps  a  similar  condition — though  to  a  less  degree — may  exist  ifler 
very  copious  pcnpiralion. 

(3)  If  the  proteids  in  blood  be  abnonnally  diminished,  the  condition  is  called  OligSBmia  hyp- 
albaminosa  ;  ihey  may  be  diminished  about  onehalf.  They  are  usually  replaced  by  on  eicess  of 
w.iter  in  ihe  blood  [so  that  the  blood  is  watery,  constituting  Hydrjcmia].  Loss  of  altiumin  from 
ihc  blcMxi  is  causcti  directly  by  albuminuria  (25  grammes  of  albumin  may  be  given  ofl'  by  the 
urine  daily),  persistent  suppuration,  great  loss  of  milk,  extensive  cutaneous  ulceration,  albuminous 
diarrhtra  (dysentery).  Krcijucnl  ami  copious  hemorrhages,  however,  by  increasing  the  absorption 
«jf  water  into  ihc  vessels,  nl  first  produce  oligaimia  hypalbuminosa. 

[Organi5ni8  in  the  Blood. — The  presence  of  animal  and  vq^ctable  parasites  in  Uie  blood  gives 
rice  10  certain  diseases.     Some  of  these,  and  especially  the  vegetable  organisms,  have  the  power  of 

Fig,  20.  Fig.  ai. 


.-^  I 


?M!_ 


A,  Ai^gTMxti   of  micrococciu,    D,  bActe-  Bacithis  anthncls  froa   ihc 

riiim.    C,  vibrio*.    D,  bacUU;    £,  blood{ox)  Inaplenic  fe«<r 

spirillum,  iOfMit), 

multiplying  in  ihc  bloml.     The  vegetable  forms  Iwlonging  to  the  Schixomycetes  are  frequently 
spoken  of  collecting  under  the  title  bacteria.     They  arc  classified  by  Coha  into 

1.  Sphitrohacteria 

IL  Microbacteria    \  

in.  Dcbmobacteria  V  exhibit  movements. 

IV.  Spirobnctcria    J 

These  fomrL<^  arc  shown  in  Fig.  20.  The  micrococci  (A)  are  examples  of  I:  while  bacterium 
termo  (B)  is  an  example  of  II.  In  III  the  memt>ers  are  short  cylindrical  rods,  straight  (Bacillus, 
D)  or  wavy  (Vibrio,  C).  Splenic  fever  of  cattle  is  due  to  the  presence  of  Bacillus  anthracis  {  Kig. 
21).  These  rod  shaped  bodies  under  proper  conditions  divide  transversely  and  elongnlc.  but  they 
.also  form  sf>orcs  in  llietr  interior,  which  in  turn,  under  appropriate  conditions,  may  germinate  (Fig- 
81).  Class  IV  is  represented  by  two  genera.  Spirochxta  and  Spirillum  (Fig.  20).  the  former  with 
close,  and  the  latter  with  open  spirals.  The  Spirochreta  Obermeicri  (olten  sptiken  of  as  "Spirillum") 
is  pre*cnt  in  the  blood  during  the  paroxysms  in  persons  .■iuffcring  from  relapsing  fever.  Among 
animal  parasites  are  Filaria  ^nguinis;  Hilharzia  hicniatobia,  which  occurs  in  the  portal  vein  and  in 
the  veins  of  the  urinary  apparatus.] 
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42.  GENERAL  VIEW  OF  THE  CIRCULATION.— The  blood 
wtthm  the  vessels  is  in  a  state  of  continual  motion. 
being  carried  /mm  the  ventricles  by  the  large  arteries 
(aorta  and  pulmonary)  and  their  branches  A?  the  system 
of  (apillary  vessels, _/>■(?/«  which  again  it  passes  into  the 
veins  that  end  in  the  atria  of  the  auricles (W^  Harvey). 

The  Cause  of  the  Circulation  is  the  difference  of 
pressure  which  exists  Iwtwecn  the  blood  in  the  aorta 
and  pulmonary  artery  on  the  one  hand,  and  the  two 
venae  cavre  and  the  four  pulmonary  veins  on  the  other. 
The  blood,  of  course,  moves  continually,  in  its  closed 
tubular  system,  in  the  direction  of  least  resistance. 
The  greater  the  difference  of  pressure,  the  more  rapid 
the  movement  will  be.  The  cessation  of  the  difference 
of  pressure  (as  after  death)  naturally  brings  the  move- 
ment to  a  standstill  (§  81). 

The  circulation  is  usually  divided  into — 

Ci)  The  greater,  or  systemic  circulation^ 
which  includes  the  course  of  the  blood  from  the  left 
auricle  and  left  ventricle,  through  the  aorta  and  all 
its  branche^,  the  capillaritrs  of  the  body  and  the  veins, 
until  the  two  venx  cav;e  terminate  in  the  right  auricle. 

(2)  The  lesser,  or  pulmonic  circulation, 
which  includes  the  course  frum  the  right  auricle  and 
right  ventricle,  the  pulmonary  artery,  the  pulmonary 
capillaries,  and  the  four  pulmonary  veins  springing 
from  them,  until  these  open  into  the  left  auricle. 

{3)  The  portal  circulation,  which  is  sometimes 
spoken  of  as  a  special  circulatory  system,  although  it 
represents  only  a  second  set  of  capillaries  (within  the 
liver)  introduced  into  the  course  of  a  venous  trunk. 
It  consists  of  the  vena  jwrtarum — formed  by  the  union 
of  the  intestinal  or  me«rnteric  and  splenic  veins,  and 
it  passes  into  the  liver,  where  it  divides  into  capillaries, 
from  which  the  hepatic  veins  arise..  These  last  veins 
join  the  inferior  vena  cava. 

Strictly  speaking,  however,  there  is  no  special  portal  circulation. 
Similar  arruifjemcnts  occur  in  other  animals  in  diflcrcnl  places; 
e.g,,  Mikes  have  such  a  system  in  iheir  supr.irenal  capsules,  and  ihe  fro;;  in  its  kidneys. 

When  an  artery  splits  up  into  fine  branches  during  its  course,  and  iheiic  brancbes  do  not  form 
<apiltarica,  but  reunite  into  an  arterial  trunk,  a  rete  mirabile  is  formed,  such  as  occur»  in  npe»  and 
f'Jeotata,  Microscopic  retia  mirabilia  exist  in  the  human  mesentery  {SifiHf).  Similar  anange- 
mcjits  may  exist  on  veins,  giving  ri>c  to  vfHous  relut  mimbiUa. 

43.  THE  HEART.— Muscular  Fibres  of  the  Heart. — The  mtisculature 
of  the  mammalian  heart  consists  of  short  (50  to  70  /i»  man),  very  fine,  transversely 
striated  muscular  fibres  (C  Krause,  iSjj)j  which  are  actual  tyiicellular  elements 
{EdertA,  /866)y  devoid  of  a  sarcolemma  ( 15  to  25  /i  broad),  and  usually  divided 
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Stfitmt  ttf  tht  iin>tttUtan — n,  righl 
auricle :  A,  right  ventricle :  i, 
left  auricle.  U,  left  ventricle  ,  i, 
pulmottary  irtery  ;  a, aorta  with 
tanlKuur  valves;  A  area  of 
pulaaouiry  ci  rcuUtion ;  K ,  area 
of  systemic  circuLiiion  in  region 
supplying  ttic  ftupericir  vena 
cava.  »;  G,  area  tiipplvlDe  the 
iofcrior  vena  cava,  «  .-  i/,  J,  in- 
teslirte, :  m,  rocKnteric  artery: 
f,  (wnal  vein ;  L.  liver ;  4.  he- 
patic vein. 
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at  their  blunt  ends,  by  which  means  they  anastomose  and  form  a  network  (Fig. 
23,  A,  B),  The  individual  muscle  cells  contain  in  their  centre  an  oval  nucleus, 
and  are  held  together  by  a  cement  which  is  blackened  by  silver  nitrate,  and  dis- 
solved by  a  33  per  cent,  solution  of  caustic  potash.  This  cement  is  also  dissolved 
by  a  40  per  cent,  solution  of  nitric  acid.  The  transverse  strije  are  not  very 
distinct,  and  not  unfrequently  there  is  an  3pi>earanre  of  longitudinal  striation^ 
produced  by  a  number  of  very  small  granules  arranged  in  rows  within  the  fibres. 
The  fibres  are  gathered  lengthwise  in  bundles,  or  fasciculi,  surrounded  and  sepa- 
rated from  each  other  by  delicate  processes  of  the  perimysium.  When  the 
connective  tissue  is  dissolved  by  prolonged  boiling,  these  bundles  can  be  isolated, 
and  constitute  the  so-called  "  fibres'*  of  the  heart.  The  transverse  sections  of  the 
bundles  in  the  auricles  are  polygonal  or  rounded,  while  in  the  ventricles  they  are 
somewhat  flattened.  [The  muscular  mass  of  the  heart  is  called  the  myocardium, 
and  is  invested  by  fibrous  tissue.  It  is  important  to  notice  that  the  connective 
tissue  of  the  visceral  pericardium  (epicardium)  is  continuous  with  that  of  the 
endocardium  by  means  of  the  perimysium  surrounding  the  bundles  of  muscular 
fibres.]  The  fine  spaces  which  exist  between  these  bundles  form  narrow  lacunx, 
lined  with  epitheUum,  and  constituting  part  of  the  lymphatic  system  of  the  heart. 

Fig.  23. 


At  Imnchcil   muscular  Abrei  from  the  hnrt  oT  x  mammal;     Ti,  tmmvcnc  lectioB  of   the  unlbc  fihna;    i,  «»• 
necUvc-tisauc  corpiuclta  :  c,  capllUriei ;   C,  muAculu-  fibre*  from  Ute  hean  of  a  froc. 

[The  cardiac  muscularfibres  occupy  an  intermediate  position  lietween  striped  and  plain  mtucular 
fibres.  AUIiough  they  cir?h(riped  they  are  involuntary,  not  being  cUrectly  under  the  infiuence  of  Uie 
wdl,  while  they  contract  morr  slowly  than  a  voluntary  mufvcle  of  the  skeleton.] 

[In  the  frog's  heart  tlie  rauscular  fibres  are,  in  shape,  elongated  spindles,  or  funform,  in  this 
respect  rescmhlini;  the  plain  muscle  cells,  but  ihey  arc  tninsver>cly  striped  (Fig.  23.  C).  They 
are  easily  isolated  by  means  of  a  33  per  cent,  solution  of  potash  or  dilute  alcohol  {H'fisimiJiifi, 
/•rtwt'iVrj.] 

44.  ARRANGEMENT  OF  THE  CARDIAC  MUSCULAR 
FIBRES,    AND    THEIR    PHYSIOLOGICAL    IMPORTANCE.— 

The  study  of  the  embryonic  heart  is  the  key  to  a  proper  understanding  of  the 
complicated  arrangement  of  the  fibres  in  the  adult  heart.  The  simple  tubular 
heart  of  the  embryo  has  an  <;w/cr  circular  and  an  inner  iongitudina!  layer  of  fibres. 
The  septum  is  formed  later;  hence,  it  is  clear  that  a  part,  at  least,  of  the  fibres 
must  be  common  to  the  two  auricles,  and  a  part  also  to  the  two  ventricles,  since 
there  is  originally,  but  one  chamber  in  the  heart.  The  muscular  fibres  of  the 
auricles,  are,  however,  completely  separated  from  those  of  the  ventricles  by  the 
fibro-cartiLiginous  rings  {^Lieutaud^  2j82).  In  the  auricles  the  fundamental 
arrangement  of  the  embryonic  fibres  partly  remains,  while  in  the  ventricles  it 
becomes  obscured  as  the  cavities  undergo  a  sac-Like  dilatation,  and  also  become 
twisted  in  a  spiral  manner. 

(1)  The  Muscular  Fibres  in  the  Auricles  are  completely  separated  firom 
the  fibres  of  the  ventricles  by  \\\t  fibrous  rings  which  surround  the  auriculo-ventrt- 
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cular  orifices,  and  which  serve  as  aii  attachment  for  the  auriculo-ventricular  valves 
(Fig.  24,  I).  'J'he  auhcleb  are  much  thinner  than  the  ventricles,  and  their  fibres 
are  generally  arranged  in  two  layers ;  the  outer  transverse  layer  is  continuous  over 
both  auricles,  while  the  inner  one  is  directed  longitudinaily.  The  outer  transverse 
fibres  may  be  traced  from  the  openings  of  the  venous  trunks  anteriorly  and  pos- 
teriorly over  the  auricular  walls.  The  longitudinal  fibres  are  specially  well  marked 
where  (hey  are  inserted  into  the  fibro-cartilaginous  rings,  while  in  some  ]iarts  of 
the  anterior  auricular  wall  they  are  not  continuous.  In  the  auricular  septum^  some 
fibres,  circularly  di5{X)sed  around  theywjJd/'eW/j  (formerly  the  embryonic  opening 
of  the  foramen  ovale)  are  well  marked.  Ctrcu/ar  bands  of  striped  muscle  exist 
around  the  veiris  where  they  open  into  the  heart ;  these  are  least  marked  on  the 
inferior  vena  cava,  and  are  stronger  and  reach  higher  (2.5  cm.)  on  the  superior 
vena  cava  {Fig.  24,  II).  Similar  fibres  exist  around  the  pulmonary  veins,  where 
they  join  the  left  auricle,  and  these  fibres  (which  are  arranged  as  an  inner  circular 
and  an  outer  longitudinal  layer)  can  be  traced  to  the  hilus  of  the  lung  in  man  and 
some  mammals;  in  the  ape  and  rat  they  extend  on  the  pulmonary  veins  right  into 
the  lung.  In  the  mouse  and  bat,  again,  the  striped  muscular  fibres  i>ass  so  far 
into  the  lungs  that  the  walla  of  the  smaller  veins  are  largely  composed  of  striped 

^^^    muscle  {^Stieda), 

^^H  F1&34. 


v.p. 


f 


I 


fl 


I.  Coonc  ol  the  muscuUr  fibncs  on  the  left  auricle.     Observe  the  outer  transverae  mvA  inner  loogitudllial  fibres,  (he 

ctrcnte  fibre*  oit  the  p'limonar)- veins  (v./.);  V,  the  left  ventricle  {y>fA<t /?nt/].     II.  Arr»»j:cmeat  ol  ibe  ktrlped 
moicnUi'  6bfes  on  the  •uperior  vena  cava  {E/ack*r)—ti,  opening  of  vena  azygoa .  v,  auricle. 

Circular  muscular  fibres  are  found  where  the  vena  magna  cordis  enters  the  heart, 
and  in  the  iWvu/a  Thebesii  which  guards  it. 

From  a  pJiysio/ogicai  point  of  virw^  the  following  facts  are  to  be  noted  as  a 
result  of  the  anatomical  arrangement ; — ■ 

(x)  The  auricles  contract  imirpendenity  o{  the  ventricles.  This  is  seen  when 
the  heart  is  about  to  die  ;  then  there  may  be  several  auricular  contractions  for  one 
ventricular,  and  at  last  only  the  auricles  puLsaie.  The  auricular  portion  of  the 
right  auricle  beats  longest;  hence,  it  is  called  the  "  ultimum  moriens."  Inde- 
pendent rhythmical  contractions  of  the  ven^e  cavx  and  pulmonary  veins  are  often 
noticed  after  the  heart  has  ceased  to  beat  y//aUer,  Nysten).  [This  beating  can 
also  be  observed  in  those  veins  of  a  rabbit  after  the  heart  is  cut  out  of  the  body.] 

(a)  The  double  arrangement  of  the  fibres  (transverse  and  longitudinal)  pro- 
duces a  simuluncous  and  uniform  diminution  of  the  auricular  cavity  (such  as 
occurs  in  most  of  the  hollow  viscera), 

(3;  The  contraction  of  the  circular  muscular  fibres  around  the  venous  orifices, 
and  the  subsequent  contraction  of  the  auricle,  cause  these  veins  to  empty  them- 
selves into  the  auricle;  and  by  their  presence  and  action  they  prevent  any  large 
quantity  of  blood  from  passing   backward  into   the  veins  when  the  auricle  con- 
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tracts.  [No  valves  are  present  in  the  superior  and  inferior  vena  cava  in  the  adult 
heart,  or  in  the  pulmonary  veins,  hence  the  contraction  of  these  circular  muscular 
fibres  plays  an  important  part  in  preventing  any  reflux  of  blood  during  the  con- 
traction of  the  auricles.] 

45.  ARRANGEMENT  OF  THE  VENTRICULAR  FIBRES.— 
(2)  The  Muscular  Fibres  of  the  Ventricles. — The  fibres  in  the  thick  wall 
of  the  ventricles  are  arranged  in  several  layers  (  Fig.  25,  A)  under  the  pericardium. 
First,  there  is  an  outer  longitudinal  layer  (A),  which  is  in  the  form  of  single  bun- 
dles on  the  right  ventricle,  but  fornts  a  complete  layer  on  the  left  ventricle,  where 
it  measures  about  one-eighth  of  the  thickness  of  the  ventricular  wall.  A  sfcorni 
longitudinal  layer  of  fibres  lies  on  the  inner  surface  of  the  ventricles,  distinctly 
visible  at  the  orifices,  and  within  the  vertically- placed  papillary  muscles,  while 
elsewhere  it  is  replaced  by  the  irregularly  arranged  trabecule  carncK.  Helwcen 
these  two  layers  there  lies  the  thickest  layer,  consisting  oi  more  or  less  transversely 

Fig.  15. 


Ccunc  oftlM  venlriciiUr  musculBr  fibm      A.  im  the  «nlcrior  »urfacc 
C,  kchcme  ntf  the  counc  o(  ihc   fibra  wilhiD  the  veniricular  wall ; 
<C.  LmHi^e) 


view  of  the  apex  with  Uie  vnrtcs  {tttn'> 
D,  fibr«8  pasting  ioto  a  papiUary  ntu» 


arranged  bundles,  which  may  be  broken  up  into  single  layers  more  or  less 
circularly  disposed.  The  deep  iymphalie  vessels  run  between  the  layers,  while  the 
blood  vessels  lie  within  the  substance  of  the  layers  and  are  surrounded  by  the 
primitive  bundles  of  muscular  fibres  (^/fenle).  All  three  layers  arc  not  completely 
indei)endent  of  each  other ;  on  the  contrary,  the  fibn's  which  run  obliquely  form 
a  gradual  transition  between  the  transverse  layers  and  the  inner  and  outer  longi- 
tudinal layers.  It  is  not,  however,  quite  correct  to  assume  that  the  outer  lon- 
gitudinal layer  gradually  passes  into  the  transverse,  and  this  again  into  the  inner 
longitudinal  layer  (as  is  shown  schematically  in  C)  ;  because,  as  Henle  pointed 
out.  the  transverse  fibres  are  relatively  far  greater  in  amount.  In  general,  the 
outer  longitudinal  fibres  are  so  arranged  as  to  cross  the  inner  longitudinal  layer  at 
an  acute  angle.  The  transverse  layers  lying  between  these  two  form  gradual 
transitions  between  these  directions.  At  the  apex  of  the  left  ventricle,  the  outer 
longitudinal  fibres  bend  or  curve  so  as  to  meet  at  the  so-called  vortex  (•*  Wirbel'*) 
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B,  where  they  enter  the  muscular  substance,  and,  taking  an  upward  and  inward 
direction,  reach  the  papillary  muscles,  D  {Ltnot^n  ;  although  it  is  a  mistake  to  say 
that  all  the  bundles  which  ascend  to  the  papillary  muscles  arise  from  the  vertical 
fibres  of  the  outer  surface;  many  seem  to  arise  independently  within  the  ven- 
tricular wall.  According  to  Henle,  all  the  external  longitudinal  fibres  do  not 
arise  from  the  fibrous  rings  or  the  roots  of  the  arteries. 

fT)ic  asiumpiiiia  that  ihe  luuBclvit  uf  ihe  veiiiriclc  arc  arrangecl  m)  as  to  fonn  a  6^re  of  8,  or  in 
pft,  seems  In  V>t  incorrect :  thus,  Hhre«  are  said  to  nriKc  at  the  base  of  the  ventricle,  to  pass  over 
and  lo  reach  the  vurtex,  where  ihcy  po&s  into  llie  interior  of  the  muscular  «ubatance,  to  end 
itiier  in  the  [)a|jil)ary  muscles  or  hi^h  up  un  the  inner  surface  uf  the  heart  at  its  base.  Figs  C  and 
give  a  schematic  representation  of  this  view.] 

A  special  layer  of  iircular  muscular  fibres,  which  acts  like  a  true  sphincter, 
surrounds  the  arterial  opening  of  the  left  ventricle,  and  seems  to  have  a  certain 
independence  of  action  {Henle'). 

Only  the  general  arrangement  nf  the  ventricular  muscular  fil»rc<  has  been  indicated  here  ( Lowrr^ 
Casp.  Wolff,  i^So—if2).  C.  Ludwig  (1849),  and  more  recently  I^ettigrew  {1H64),  have  made  th? 
-•ubiect  a  special  study,  and  foliowetl  out  its  complications.  According;;  to  the  last  observer,  there 
are  seven  layers  in  the  ventricles,  viz.,  three  external,  a  foarth  or  central  layer,  i\nd  three  internal. 
These  internal  layers  are  continuotu  with  the  corresponding  external  layers  at  the  apex,  thus  —one 
and  seven,  two  and  six. 

46.  PERICARDIUM.  ENDOCARDIUM,  VALVES.— The  pericardium  encloses  within 
il^  iwo  layers  [vi_i^efal  ami  parirlai )  .1  lym|)h  space — the  prricartUal  spare  —which  contains  a  small 
ciaantity  of  lymph — the  pericardial  fluid.  It  ha«  the  structure  of  a  svnmi  mcmlirane,  /.  f.,  it  con- 
sists of  <tmHf<tive  tissue  mixcl  with  fine  elastie  fibra  arranged  in  the  furm  of  a  thiu,  delicate  mem- 
ttrane,  an<l   covered  on    its  free  surfaci^  with 

Is  «inj;te  layer  of  epithelium  or  enJit/heliuPi,  FlC  26. 

[composed  of  irregular,  polygnna),  Hal  cells. 

A  rich   lymphatii    netii'ork  lies  under  the 

bprricardiom    ( Fig.    26}  and   endocardium ; 

al*o  in  the  deeper   layers  of  the   vis- 

'crral    pcricardiam    next   the  heart,  but  sto- 

nuta    nave    not   been    found   leading    from  .-SS 

the   pericanlial  cavity   into   these    lyniphat- 

,ic»,   nor    do    these  ojjeninpu    exist   on    the 

irietai  hyrr.      [Salvioli  has  shown    that       ^i«i_ee~  N>e     ■■'?  r^. 
lymphatic  spaces  also  lie  between  the  mus-  '^USSsLft.  aT*    /   ' 

cular  bundles.]      Arr.und  the  cnronary  artcr> 
ies  of    the   heart   exist  lymph   vessels  and 

deposits  of    fat    (  Wedl),   which   lie  in   the  -Mjfjf-p^     (._      ;,,^ 

furrows  and  grooves  in   the  suhierosa  of  the 
tpitardiHiif  (visceral  layer). 

The  endocardium  (according  to  Luschka) 
does  not  represent  the  intima  ainne,  but  the 
wall  of  a  blood  vessel.  Next  the  cavity 
of  the  heart,  it  consist'*  o>i  a  stn^ie  layer  of 
hulygtinal.  Hat,  nucleated  mdolhtlial  cells. 
[Under  thb  there  is  a  nearly  liomogeneous 
hyaline  layer  (Fig.  27.  a),  slightly  thicker  oir 
the  left  tide,  which  gives  the  endficarttium 
its  polishe<I  appearance.]  Then  follows,  as 
the  baiii  of  the  memttrane^  a  layer  q\  fine 
ttastie  ^^rrt— stronger  in  the  auricles,  and 
fai  some  places  thereof  assuming  the  char- 
•cters  '>f  a  fenestrated  membrane.  Between 
ihcM  fibres  a  smsll  '[uanlily  iii  connective 
lissue  exists,  which  is  in  larger  amount  nnd 
mure  areolar  in  \Ks  characters  next  the 
.Rivocardium.  Bundles  of  nrMj/riped  mus- 
rtiiar  fibrr$  (few  in  the  aoricles)  arc 
ratiered  and  ananged  for  the  most  part 
iftiludinnlly  Ikctwccn  the  elastic  Bbres. 
'hese  seem  evidently  meant  to  roist  the 
liilention  which  is  apt  to  occur  when  the 
conuacis  and   great   pressuie  is   |>ut 
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I.yinphalic  of   the  pcrkardium,  cpitbclJuai   StaiDcd   with 
nitnte  of  kUver. 


Fig.  27. 
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Settlor  of  (he  enr1o<Uin)luiii.  a,  hyaline  layer :  A,  nrtvrork  ul 
fine  elnitk  tilire«;  e,  neiwoTk  of  ilrotwrT  elxvUc  fibre*  : 
</.  myocanliuin  with  ttlood  vesiek,  wnJch  do  nut  lui* 
into  the  ciulocanlium. 
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upon  the  endocardium.  In  oil  c»*e%  uherc  high  prc&.*ture  is  put  upon  walls  composed  of  soft  pAtls. 
uc  always  find  muscular  fibres  present,  and  never  ela^iic  fibres  atone.  No  bhodventh  occur  in 
the  endocardium  (£<?«, vr.) 

The  valves  also  belong  to  the  endocardium — both  the  semilunar  riahies  of  the 
aorta  and  pulmonary  artery,  which  prevent  the  blood  from  passing  back  into  the 
ventricles,  and  the  tricuspid  (r/^/z/auriculo-ventricular)  and  mitral  (/i^?  auriculo- 
ventricular),  which  protect  the  auricles  from  the  same  result.  The  lower  verte- 
brata  have  valves  in  the  orifices  of  the  vensecava;  which  prevent  regurgitation  into 
them;  while  in  birds  and  some  mammals  these  valves  exist  in  a  rudimentary  con- 
dition. 

The  valves  are  fixed  by  means  of  their  base  to  resistantyf^z-^wx  r/w^j,  consist- 
ing of  elastic  and  fibrous  tissue.  They  are  formed  of  two  layers — (i)  x\\e  Jihrous, 
which  is  a  direct  continuation  of  the  fibrous  rings,  and  (2)  a  layer  of  elastU  ele- 
ments. The  elastic  layer  of  the  auriculo-ventricular  valves  is  an  immediate  pro- 
longation of  the  endocardium  of  the  auricles,  and  is  directed  toward  the  auricles. 
The  semilunar  valves  have  a  thin  elastic  layer  directed  toward  the  arteries,  which 
is  thickest  at  their  base.  The  con nectivf- tissue  layer  directed  toward  the  ventricle 
is  about  half  the  thit  kiiess  of  the  valve  itself. 

Muscular  Fibres  in  the  Valves. — The  auriculo-ventricularvalves  also  contain 
striped  muse ular fibres  {Reid^  Gussenbauer),     Radiating  fibres  proceed  from  the 

Ftc.    28. 
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Purld^it't  fibrtt  bolaUd  with  diluU  alcohol,    e,  cell ;  f,  ttrlated  lubiuacc ;  «,  DUektu.    X  Sw. 


auricles  and  pass  into  the  valves,  which,  when  the  atria  contract,  retract  the 
valves  toward  their  base,  and  thus  make  a  larger  opening  for  the  passiige  of  the 
blood  into  the  ventricles  ;  according  to  Paladino,  they  raise  the  valves  after  they 
have  been  pressed  down  by  the  blood  current.  This  observer  also  described  some 
longitudinal  fibres  which  proceed  from  the  ventricles  to  enter  these  valves.  There 
is  also  a  concentric  layer  of  fibres  arranged  near  their  point  of  attachment,  and 
directed  more  toward  their  ventricular  surface.  Thest-  fibres  seem  to  contract, 
sphincterdike,  when  the  ventricle  contracts,  and  thus  approximate  the  base  of  the 
valves,  and  so  prevent  too  great  tension  t>eing  put  upon  them.  The  larger  chordae 
tendinea^  also  contain  striped  muscle  (Orh/),  while  a  delicate  muscular  network 
exists  in  the  valvula  Thcbcsii  and  valvula  Kustachii. 

Purkinjc's  Fibres. — This  name  is  applied  to  an  anastomosing  system  of  grayish  fibres  which 
CKiu  in  thv  sub-endocardiat  tissue  of  the  ventricles,  especially  in  the  heart  of  the  sheep  and  on.  I'hc 
fibres  are  made  up  of  |X}|yhcdra1,  clear  cells,  containing  some  i;ranular  protoplasm,  and  usually  two 
nuclei  (Fig.  28).  The  margin  of  the  cells  are  striated.  Transition  forms  arc  found  between  Lhc«c 
cells  and  the  ordinary  cardiac  fibres;  in  fact,  these  cells  became  continuous  wiih  the  true  folly 
deveIo[>ed  cardiac  fibres.  They  represent  cells  which  have  been  arrcslcd  in  ihcir  development. 
They  arc  absent  in  man  and  the  lower  vertebrates,  but    in  birds  and  some  niararoals  they  are  well 

Blood  Vessels  occur  in  the  auriculo-vcnlricular  valves  only  where  muscular  tilires  are  present, 
while  the  semilunar  valves  arc  usually  devxitd  of  vessels  except  a(  their  base.    The  best  figures  of 
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ie  niood  v«s««Is  of  ihe  valvc<  are  given  hy  Lander.     The  network  of  lyinphalicB  in  the  eodocar- 
diiim  reaches  tuwanl  the  middle  of  the  valves  (Eberth  and  /iriajeff). 

Weight  of  the  Heart. — According  to  W.  Milllcr  the  proponion  IkIwcch  the  weight  of  the 
body  and  the  heart  in  the  child,  and  until  the  hody  reaches  40  kilos  ,  is  5  grms.  of  heart  substance 
1(1  I  kilo  of  body  weight;  when  the  budy  weight  is  from  50  to  90  kiloft  ,  the  ratio  is  1  kilo,  to  4 
I^Tms.  of  heart  substance;  at  ico  kilus  3.$  grms.  As  age  advances  the  auricles  become  stronger. 
The  right  ventricle  is  halfihe  weight  ofthe  left.     The  i«eight  of  the  heart  of  an  adult  man  is  about 

?o£.  [I  at.  ^=  29.3  gnns.  I ;  female  --^  8^  oz.  (riendinning,  aA  a  mean  of  400  observations). 
According  to  Laennec  the  heart  is  about  the  sixe  of  the  c)osc<l  6st  of  the  individual.]  Blosfcld  and 
>veberg  give  346  grms.  for  the  male,  and  310  lo  340gTfns.  for  the  female  heart.  The  speiifii-  grar'ity 
[of  the  heart  muscle  ii  1. 069  [A'lipff).  The  thickness  of  the  left  venlricte  in  the  middle  in  man  is 
11.4  mm.,  and  in  woman  11.15  ;  that  of  the  right  is  4  I  find  3.6  mm.  re-^peclively.  Tlie  c'rcumfer- 
:ence  of  the  tricuspid  orifice  in  man  is  118  mm.,  and  in  woman  M  1.2  mm. ;  the  corresponding  num- 
ber* for  the  mitral  being  106.I  and  97.  The  circumference  of  the  pulmonary  artery  —  75.5  mm. 
(man),  and  74.7  mm.  (woman);  aorta  ^::r  71.1  mm.  ^man).  and  6K'0  mm.  (woman).  Sup.  vena 
cava  (circumference  I  —  iS  to  27  mm,  the  inferior  from  37  to  36  mm.  The  diameter  of  the  pul- 
unary  veins  is  1 3.53  to  t  $.79  mm.  [llic  sizes  of  these  orifices  are  best  measured  by  means  of 
Icuncs  or  oriBce  gauges  of  known  diameter.] 

47.  AUTOMATIC  REGULATION  OF  THE  HEART.— Coronary  VcBsels.— Many 
vbservatiuns  have  lieen  made  to  ascertain  whether  the  orilices  of  the  C«ir<inary  artcnes  are  covered 
bv  the  semilunar  valves  during  contraction  of  ihe  left  ventricle  ( TTiehtiitu,  tjSQ*  BriUkt,  /8j4)i 
or  whether  they  are  permanently  open  {Mpr^a^^ni,  ty2j ;  tfyrtl^  tS^j)  (Fig-  29). 

Anatomical  Investigations, — The  two  coronary  arteries  arise  from  the 
bt'ginning  of  the  aorta  in  the  region  of  the  sinus  of  Valsalva.  [HyrtI  asserts  that 
the  branches  of  the  coronary  arteries  do  not  anastomose,  but  this  is  certainly  not 
the  case  {Krausr,  L.  Lander).  West  has  injected  the  one  artery  from  the  other.] 
The  position  of  origin  varies — (t)  either  the  origins  lie  within  the  sinus,  or  (2) 
their  openings  are  only  partially  reached  by  the  margins  of  the  semilunar  valves 
(which  is  mualiy  the  case  in  the  /</"/ coronary  artery  of  man  and  the  ox),  or  (3) 
their  orifices  lie  clear  above  the  margins  of  the  valves.  Post-mortem  observations 
seein  to  show  that  during  contraction  of  the  ventricle  it  is  very  improbable  that 
the  semilunar  valves  constantly  cover  the  origin  of  the  coronary  arteries. 

The  Automatic  Regulation  of  the  Heart. — Briitke  attempted  to  show 
that  during  the  systole,  or  contraction  of  the  ventricle,  the  semilunar  valves 
covered  the  oijcnings  of  the  coronary  arteries,  so  that  these  vessels  could  be  filled 
with  blood  only  during  the  diastole  or  relaxation  of  the  ventricle.  To  him  it 
seemed  that  ia)  the  diastolic  filling  of  the  coronary  arteries  would  help  to  dilate 
•the  ventricles  ;  {p)  on  the  contrary,  a  systolic  filling  of  these  arteries  would  oppose 
the  contraction,  because  the  systolic  filling  and  expulsion  of  the  blood  from  the 
coronary  arteries  would  diminish  the  force  of  the  ventricular  contraction.  [To 
this  supposed  arrangement  Brljcke  gave  the  name  "Selbslsteuerung,"  which  may 
be  rendered  as  above,  or  as  "self-controlling"  action  of  the  heart  by  the  aortic 
valves.] 

Ar^ments  Against   Brucke'e   View. — The  following   constder-ilions  militate   against   this 

[theory:  (l)  Filling  the  coronnry  vessels  ondcr  a  high  pressure  in  a  dead  heart  causes  a  liiminufian 

the  ventricular  cavity  (r.  li'iftuh\.     (2)  The  chief  trunks  of  the  coronary  arteries  lie  in  loose 

1))  pericardial  fatty  tiunc  in  ihc  cardiac  »ulci.  hence  a  dilatation  of  the  ventricle  through  this  agency 

m(M  unlikely  ( t^jmioi:).     (3)  Experiments  on  animals  have  shown  that  a  coronary  artery  sjuuts, 

like  all  arterirs,  dunng  the  systole  of  the  ventricle.     Von  Ziemssen  found  that  in  ihe  ca'ie  of  a 

woman  {Sirafin),  who  had  a  large  part  ofthe  anlerior  wall  of  the  ihnrax  removed  by  an  (jperation, 

ihe  heart  being  covered  only  by  a  thin  membrane,  the  puke  in  the  coronary  arteries  was  synchronous 

ith   the  puUe  in  the  pulmonary  artery.      H.  N.  Martin  and  Sedgwick  placed  a  manometer  in 

>nnection  with  the  cnrunary  artery,  and  another  with  the  can.»tid,  in   a  large  dog,  and   they  found 

lat  ilie  pulsations  occurred  simullaufouih.     When  a  coronary  artery  is  divided,  the  hiood  flows 

»at  contmuouily,  but  undergoes  acceleration  during  the  systole  of  the  ventricle*.  ( Am/f-wunw,  Perls). 

\a)   If  >  strong  intermittent  current  of  water  l>e  bUowc<I  to  flow  thrrjufjh  a  sufficiently  wide  tulie  into 

jhe  left  auricle  of  a  fresh  pi^'s  heart,  so  thai  the  water  parses  into  the  aorta,  and  if  the  aorta  tie 

»rovided    with  a   vertical   tube,  the  water  flows  continuously  from  ihe  coronary  arteries,  and  is 

tccclcraled  during;  the  systole,      f  5)   It  is  exceedingly  improbable  that  the  coronary  arteries  should 

tilled  durin:^  ilie  diastole  while  all  ihe  other  ancrics  ate  filled  during  systole  of  the  ventricle. 

I6J  There  is  always  a  <>uS)C>cni  tjaaniity  of  blood  in  the  sinus  of  Valsalva  to  fUl  the  arteries  dnnne 
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ilic  ftnt  part  of  ihe  systole.  (7)  The  valves,  when  ni»;<I.  are  not  applied  directly  to  the  •artic  w»II 
{//amfirri^-fr.  A'iiiiin^fr\  even  hy  the  most  energclic  prt^sure  from  the  ventricle  ( Sdtiii/Stfrg  and 
Worm  Aliiilfr).  (8)  <L)b&ervations  on  voluntary  mu^clci  have  fchown  that  the  hmall  arteries  rliiitc 
during  contraction  of  ihe  muf^cle,  ind  the  blood  Mream  m  accelerated.  (91  By  the  systulic  6lliog 
of  (he  oocta  the  artcHai  path  is  elongated — this  ela&tic  distention  is  compensated  before  the  diastule 
occurs.  By  the  recoil  of  the  aortic  walbi  the  layer  of  blood  in  them  is  driven  backward  and  ctoics 
the  valves  {Cfradini).  According  to  Sandtiorc  and  Worm  Milller.  the  semilanar  valves  close  jiut 
after  the  ventricles  have  \xgoi\  to  reloXf  which  agrees  with  the  curve  obtained  from  the  cardiac 
impulse  (Fig.  32,  A). 

During  the  systole,  the  small  arterial  trunks  lying  next  the  ventricular  cavities 
have  to  lK>ar  a  higher  pressure  than  that  borne  by  the  aorta,  and  their  luroen  must 
be  compressed  during  the  sj'Stole  so  that  their  contents  are  propelled  toward  the 
veins. 

Peculiarities  of  the  Cardiac  Blood  Vessels  — The  eaftittary  veiith  of  the  myocardiam  are 
very  numerous,  corrcsfxinding  to  the  energetic  activity  of  the  heart.  Where  they  pass  into  veins 
several  unite  at  once  lo  form  a  wide  venous  trunic  whereby  an  easv  passage  is  olTered  to  the  Mood. 
The  veins  are  provided  with  valves  so  that  ( t )  durinjj  systole  of  the  rijjht  auricle  ihe  venous  sirrani 
is  interrupted  ;  {'2)  during  contraction  of  the  ventricles  the  blood  in  the  coronary  veins  is  similarly 
accelerated  as  in  the  veins  of  muscles. 

The  coronary  arteries  nre  characterizeil  by  their  very  thick  connective  tissue  and  elastic  inlima, 
which  perhaps  accounts  for  the  frequent  occurrence  of  atheroma  of  these  ves^ls  {/{ru/t).  Some 
observers  {Ifyrd  and  //cnfe)  niainlaiti  that  the  cornnAty  atterics  do  not  .luxstomofie,  but  this  is 
denied  by  Langer  and  Krause.  .Many  of  the  small  lower  vertebrates  have  no  blood  vessels  ia  their 
heart  muscle  rj..  frog  {/fyrti). 

Coronary  Circulation. — The  phenomena  produced  by  partial  obliteration  or 
ligature  of  the  coronary  arteries  are  most  important.  In  man  analogous  conditions 
ocnir,  as  in  atheroma  or  calcification  of  these  arteries. 

Ligature  of  the  Coronary  Arteries. — See  and  others  ligatured  the  coronary 
arteries  in  a  dog,  and  found  that  after  two  minutes  the  cardiac  contractions  gave 
place  to  twitchings  of  the  muscular  fibres,  and  ultimately  the  heart  ceased  to  beat. 
Ligature  of  the  anterior  coronary  artery  alone,  or  of  both  its  branches,  is  sufficient 
to  produce  the  result.  If  the  ordinary  arteries  be  compressed  or  tied  in  a  rabbit, 
in  the  angle  between  the  bulbus  aortie  and  the  ventricle,  the  he^irt's  action  is  soon 
weakened,  owing  to  the  sudden  anxmia  and  to  the  retention  of  the  decomposition 
products  of  the  metabolism  in  the  heart  muscle  {v.  BesoM,  Erichsen),  Ligature 
of  one  artery  first  affects  the  corresponding  ventricle,  then  the  other  ventricle, 
and.  last  of  all,  the  auricles.  Hence,  compression  of  the  left  coronary  artery 
(with  simultaneous  artificial  respiration  in  a  curarized  animal)  causes  slowing  of 
the  contractions,  especially  of  the  left  ventricle,  while  the  right  one  at  first 
contracts  more  quickly,  and  then,  gradually,  its  rhythm  is  slowed.  The  contrac- 
tions of  the  left  ventricle  are  not  only  slowed  but  also  weakened,  while  the  right 
pulsates  with  undiminished  force.  Hence  it  follows  that,  as  the  left  half  of  the 
heart  cannot  expel  the  blood  in  sufficient  quantity,  the  left  auricle  becomes  tilled, 
while  the  nght  ventricle,  not  being  affected,  pumps  blood  into  the  lungs.  CEdema 
of  the  lungs  is  produced  by  the  high  pressure  in  the  pulmonary  circulation,  which 
is  propagated  from  the  right  heart  through  the  pulmonary  vessels  into  the  left 
auricle  {SdmueUon  ami  Gfunhagen).  According  to  Sig.  Mayer,  protracted  d>'spnrea 
causes  the  left  ventricle  to  beat  more  feebly  sooner  than  the  right,  so  that  the  left 
side  of  the  heart  becomes  congested.  Perhaps  this  may  explain  the  occurrence  of 
pulmonary  a'dema  during  the  death  agony. 

Cohnheiin  and  v.  Schulthcss-Rcchberf;  found,  after  ligature  of  one  of  the  large  branches  of  a 
coronary  artery  in  a  large  dog.  thnt  at  the  end  of  a  minute  the  pulsations  became  discontinuous; 
several,  as  it  were,  do  m»t  occur.  This  intcrmiUence  becomes  more  pronounced,  the  two  sides  of 
the  heart  do  not  contract  simuttancuusly  (arhythnDia),  the  beait  beats  niurc  slowly,  aiid.the  blood 
pressure  falls.  Suddenly,  about  105  seconds  after  the  li)^ature  is  applied,  both  ventricles  cease  lo 
beat,  and  there  is  the  greatest  fall  of  the  blood  pressure.  After  10  to  ao  seconds,  twitching  move- 
ments occur  in  the  ventricles,  while  the  auricles  pulsate  rei^larly,  and  may  continue  tu  do  50  for 
many  minutes,  but  the  veiuricles  cease  to  beat  altogether  after  50  seconds.    According  to  Lukjauovr, 
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re  is  A  prristAltic  con<lilion  which  o)>cratcs  iipunrd  and  downward,  and  occurs  in  the  period 
(t>ct<4-cen  ihe  regular  contraclinn  and  the  twitching  viliralorv  mnvemenl. 

Pathological. — In  Ko-callcd  sclerosis  of  the   coronary  arteries,  in  old  age.  there  are  altacVs  of 
diminished  cardiac  activity,  weakne&s  of  the   heart,  an  aliered  rhythm  and  frequency.  M'ilh  con- 
9e()uent  brcBihleuncss;  there  may  also  be   loss  of  conficiousncM,  congestionVf  and   niiackii  of  pul- 
tonarjr  (cdema. 

48.  MOVEMENTS  OF  THE  HEART— Cardiac  Revolution.— The 

movement  of  the  heart  is  characterized  by  an  alternate  contraction  and  relaxation 
of  the  cardiac  walls.     The  total  cardiac  movement  is  called  a  **  cardiac  revolu- 
tion," or  a  '*  cardiac  cycle,"   and  consists  of  three  acts — the  contraction  or 
\sta/^  of  th^  auriiUSy  the  contraction  or  systole  of  the  ventricles,  and  the  pause 
F(Fig.  43^).     During  the  pause  the  auricles  and  ventricles  are  relaxed;  during  the 
contraction  of  the  auricles  the  ventricles  are  at  rest  ;  while  during  the  contraction 
of  the  ventricles  the  auricles  are  relaxed.     The  rest  during  the  phase  of  relaxation 
[is  called  the  diastole.    The  following  is  the  sequence  of  events  in  the  heart  during 
rdiac  revolution: — 

EVEKTS   DUHIWG   A    CARDIAC   REVOLtTION. 

(A)  The  Blood  Flows  into  the  Auricles,  and  thus  distends  them  and 
he  auricular  appendices.     This  is  caused  by — 
f  I)  'X\\t pressure  of  the  blood  in  the  venae  cavae  (right  side)  and  the  pulmonary 
veins  (left  side)  being  greater  than  the  pressure  in  the  auricles. 

(2)  The  elastic  traction  of  the  lufti^s  (§  68)  which,  after  complete  systole  of  the 
auricles,  pulls  asunder  the  now  relaxed  and  yielding  auricular  walls.    The  auricular 
appendages  are  also  filled  at  the  same   time,  and  they  act  to  a  certain  extent  as 
accessory  reservoirs  for  the  large  supply  of  blood  streaming  into  the  auricles. 
I  rB)  The   Auricles  Contract,  and  we  observe  in  rapid  succession — 

^H  ( I )  The  contraction  and  emptying  of  the  auricular  appendix  toward  the  atrium. 
^^BSimultaneously  the  mouths  of  the  veins  become  narrowed  {Haller^  Nysten)  owing 
^Hto  the  contraction  of  their  circular  muscular  fibres  (more  especially  the  superior 
^^prena  cava  and  the  pulmonary  veins'). 

^^B  (2)  The  auricular  walls  contract  simultaneously  toward  the  auriculo-ventricular 
^^nralves  and  the  venous  orifices,  whereby 

^H|     (3)  The  blood  is  driven  into  the  relaxed  ventricles,  which  are  considerably  dis> 
^^lended  thereby. 
I  The  contraction  of  the  auricles  Is  followed  by 

(d)  A  slight  stagnation  of  the  blood  in  the  large  venous  trunks,  as  can  be  easily 
observed  in  a  rabbit  after  division  of  the  pectoral  muscles  so  as  to  expose  the  junc- 
tion of  the  jugular  with  the  subclavian  vem.  There  is  no  proper  regurgitation  of 
the  blood,  but  only  a  partial  interruption  of  the  inflow  into  the  auricles,  because, 
OS  already  mentioned,  the  mouths  of  the  veins  are  contracted,  and  because  the 
ressure  in  the  superior  vena  cava  and  in  the  pulmonary  veins  soon  holds  in  equili- 
rium  any  reflux  of  blood  ;  and  Ia.stly,  because  any  reflux  into  the  cardiac  veiirs  is 
prevented  by  valves.  The  movement  of  the  heart  causes  a  regular  pulsatile  phe- 
nomenon in  the  blood  of  the  vena  cavae,  which  under  abnormal  circumstances 
may  produce  a  venous  pulse  (see  ^  99). 

(^)  The  chief  motor  effect  of  the  contraction  of  the  auricles  is  the  dilatation  of 
e  relaxed  ventricle^  which  has  already  been  dilated  to  a  slight  extent  by  the 
\tstie  traetion  of  the  lungs. 

Aapiration  of  the  Ventricles. — Tlie  ditaiaiion  of  the  vcntnctes  has  heen  ascribed  to  the  elaa 

ticity  uf  the   muscular  walls — the  strongly  comracted   ventricular  wa)l5  (like  a  compresMd  iodia- 

ihbcr  bag),  in  virtue  of  their  elasticity,  are  supposed,  in  rduniing  to  their  normal  resting  form,  lo 

ick  in  or  aspirdlc  the  blood  under  a  negative  prcuure;  this  power  on  the  port  of  the  ventricle  is 

not  great  (p.  77). 

(<•)  when  the  ventricles  are  distende*!  by  the  inflowing  blood,  the  auriculo- 
ventricular  valves  are  floated  up,  partly  by  the  recoil  or  reflection  of  the  blood 
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from  the  ventricular  wall,  and  partly  owing  to  their  lighter  specific  gravity, 
whereby  they  easily  float  into  a  more  or  less  horizontal  position.  The  valvea  arc 
also  raised  to  a  slight  extent  by  the  longitudinal  muscular  fibres,  which  pass  from 
the  auricles  into  the  cusps  of  the  valve  {Pa/ai/ino). 

(C)  The  Ventricles  now  Contract,  and  simultaneously  the  auricles  relax, 
whereby 

(i)  The  muscular  walls  contract  forcibly  from  all  sides,  and  thus  diminish  the 
ventricular  cavity. 

(a)  The  blood  is  at  once  pressed  against  the  under  surface  of  the  auriculo- 
ventricular  valves,  whose  curved  margins  are  opposed  to  each  other  like  teeth, 

Fin.  39. 


\ 


90%^ 


Gypviim  emit  tif  the  veiilrirles  lA  ihc  huiti.in  heart— viewed  fruot  f'  hiu.i  jiiij  ulioire  :  the  wxlb  have  Keen  rvmavcd,  ind 
only  the  (ihmiiB  Hng^  am)  (he  »\inriilo. ventricular  valve*  ore  reuLned.  L,  left,  R,  right  ventrirle  S,  poiilion  ol 
septum:  F,  left  fibmiis  rin^,  wiih  tnitrnl  valve  cl<»ed  ;  I>,n2hl  ftbn>u»  ring,  with  tricuspid  clMcd :  A,  ««rta«  vUh 
the  left  (C, )  uid  right  (C)  coroiury  afieriu ;  S,  stun*  of  VMbalvii ;  P,  pulmooitry  artery. 

and  are  pressed  hermetically  against  each  other  {Sandiforg  and  IVorm  BiSUtr^ 
(Fig.  29).  It  is  impossible  for  the  blood  to  push  the  cusps  backward  into  the 
auricle,  as  the  chordae  tendineac  hold  fast  their  margins  and  surfaces  like  a  taut 
sail.  The  margins  of  the  neighboring  cusps  are  also  kept  in  apposition,  as  the 
chords  tendincK  from  one  papillary  muscle  always  pass  to  the  adjoining  edges  of 
two  cusps  (John  Rad).  The  extent  to  which  the  ventricular  wall  is  shortened  is 
compensated  by  the  contraction  of  the  papillary  muscle,  and  also  of  the  large 
muscular  chordae,  so  that  the  cusps  cannot  be  pushed  into  the  auricle  (p.  83). 
When  the  valves  are  closed  their  surfaces  are  horizontal,  so  that,  even  when  the 
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Fig.  30. 


ventricles  are  contracted  to  their  greatest  extent,  there  remains  in  the  supra- 
papiUary  space  a  small  amount  of  blood  which  is  not  expelled  {Samiborg  and 
Worm  Muiier), 

(3)  Opening  0/  ihe  Semiiunar  Fa/ves. — When  the  pressure  within  the  ventricle 
exceeds  that  in  the  arteries,  the  semilunar  valves  arc  forced  open  and  stretched 
like  a  sail  across  the  pncket-like  sinus,  without,  however,  being  firmly  or  directly 
applied  to  the  wall  of  the  arteries  (pulmonary  and  aorta),  and  thus  the  blood 
enters  the  arteries. 

Neg^ative  Pressure  in  the  Ventricle. — Goltz  and  Gauli:  found  that  there  mas  a  mfga/h^ 
fretturt  of  33.5  mm.  Hg  (dog)  in  the  interior  of  Uie  ventricle  during  s  certain  phase  of  the  heart's 
action.  This  they  dciermined  hf  a  maximal  and  minimal  manometer.  They  uirmiied  that  this 
phue  coincided  with  the  diasti?ik  dHatation,  for  which  (hey 
■ssiimed  a  constderahle  power  of  aspiration.  Marcy  o(«cr%'cd  a 
similar  condition  and  called  it  "vacuitc  pustiystoUque,"  but  thnaght 
that  it  coincided  with  the  emd  of  the  iyUoU :  while  Moens  is  of 
opinion  that  this  negative  pressure  within  the  ventricle  obtains 
thortly  tt*fort  the  systole  has  reached  its  hdgki^  1.  /.,  just  before  the 
inner  surface  of  the  venincles  and  the  valves,  after  the  blood  is  ex- 
pelled, me  nearly  in  apixisiiion.  He  explains  this  aspiration  as 
being  dne  to  the  formation  of  an  empty  space  in  the  ventricle 
caused  by  lite  energetic  expulsion  of  the  blood  through  the  aorta 
and  pulmonary  artery. 

(D)  Pause. — As  soon  as  the  ventricular  contraction 
endei,  and  the  ventricles  begin  to  relax,  the  semiiurtar 
rahfs  close  (Fig.  30 1.  The  diastole  of  the  ventricles  is 
followed  by  the  pause.  Under  normal  circumstances 
the  right  and  left  halves  of  the  heart  always  contract  or 
relax  uniformly  and  simultaneously. 


The  closed  tcmilurur   wulve  of  the 
pulmunarj-  nrlcry    iccn    from 


49.  PATHOLOGICAL.  DISTURBANCES  OF  CARDIAC  ACTION.— Cardiac 
Hypertrophy. — All  resistances  to  the  mijvcinent  of  the  bIo*»d  through  the  various  chambers 
of  ilic  heart,  and  through  the  %es«eU  communicating  with  it.  cause  a  greater  amount  of  work 
to    hr    thrown   upon  the   ponion  of   the    he.irt    specially    related   to  this   part    of    the    circulatory 

IsyHem;  coaw^acntly,  there  is  produced  an  increase  in  the  thickness  of  the  muscular  walls  and 
dilatolion  of  the  heart.     If  the  resiMance  or  iihi.iAclc  does  not  act  upon  oh^  part  of  the  heart  alone, 
but  on  part*  lying  in  the  on-.msrd  direction  of  the   blood  stream,  lhc*e  parts  also  subsequently 
ondcrgo  hypertrophy.     If  in  addition  to  the  muscular  thickening  of  a  part  of  the  heart  the  cavity 
U  simultaneously  dilated,  it  is  spoken  of  as  eerentric  hyf>ertrophy  ot  hypertrophy  with  dilatation. 
The   obstacles  most    likely  tn  occur   in  ihc^  bla^id  veaets  %rc  narrowing  ol   the  lumen  or  want  of 
elasticity  in  their  walls;  in  the  hearty  narrowing  of  the  arterial  or  venous  orifices  or  insufficiency  or 
incompetency  of  the  valves.     Incompetency  of  the  valves  forms  an  obstruction  to  the  movement  of 
the  blood,  by  allowing  part  of  the  blood  to  flow  bock  or  regurgitate,  thus  throwing  extra  work  upon 
the  heart. 
Thus  arise  (i)  Hypertrophy  of  the  left  ventricle,  owing  to  resistance  tn  the  area  of  the  sys- 
temic circulaiinn,  e«|M:daMy  in  the  arteriei  and  captll:iries— nut  in  the  veins.     Among  the  causes 
are.  cjnstriclion  of  the  oriticc  ur  o4her  parts  uf  the  aurta,  calcification,  atheroma  and  want  of  elas* 
ticity  of  the  large  arteries  and  irregular  dilatations  in  their  coursti  (.Aneurisms) ;  insufficiency  of  the 
aortic  valves,  in  which  ca«e  the  samtr  [Kcssure  always  obtains  within  the  ventricle  and  In  the  aorta; 
and  lastly,  contraction  of  ihe  kidneys,  v)  that  the  excretion  of  water  by  these  organs  is  diminiAed. 
^^£ven  iti  mitral  insufhciency  compensator)-  hypertrophy  of  the  left  ventricle  must  occur,  owing  to 
^^Hlie  hypcrtrofihy  of  the  left  atrium  in  con&cfjuence  of  the  increased  blood  preuure  in  the  pulmonary 
^^Btiriruii. 

^^V^  (3)  Hypertrophy  of  the  left  auricle  occurs  in  stenosis  of  the  left  auriculo-ventricular  orifice,  or 
^^Bd  ioxulfictency  of  the  mitral  valve,  and  it  occurs  also  a«  a  result  of  aoriic  tnsuflicicoc)',  because  lite 
^^Muricle  has  to  overcome  the  continual  aortic  pressure  within  the  ventricle. 

^H     (3 )  I  (j-penrophy  of  the  right  ventricle  occurs  (a  |  when  there  u  retistance  to  the  blood  stream 

^^thr-jugh  the  pulmonary  circuit.     The  resistance  may  be  due  to  {<i\  obliteration  of  large  vascular 

areas,  in  conse-^ucncc  of  desiniction,  ^ihnnkinj;  or  compression  of  tlie  lungs,  and  the  dis-ij^pearance 

numerous  capillaries  in  emphyiurmatous  Iung9;    (^)  overfilling  of  the  pulmonary  circuit  with 

in  consc'iuence  of  stenosis  of  the  left  auriculo-ventricular  orihce,  or  mitral  intufficicncy— 

ln^e^uent   upon  hypertruphy  of  the  left  auricle  resulting  from  aortic  insufficiency.     (»)   Hyper- 

>phy  of  the  right  ventricle  will  alio  occur  when  the  valves  of  the  puhnonary  artery  are  insufficient, 

permitting  the  blood  to  flow  back  into  the  ventricle,  so  that  the  pteuuie  within  the  pulmonary 

lery  prevails  within  the  right  ventricle  (very  rare). 
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(4)  H)rpeTtroph7  of  the  right  auricle  occurs  in  consequence  of  the  Uat  niuned  condition,  and 
also  from  stenosis  of  the  tricuspid  orilice,  or  in^uRiciency  of  the  tricuspid  valve  (rare).  If  sevcril 
luions  occur  simultaneousty,  the  result  }a  comptex. 

Artificial  Injury  to  the  Valves. — O.  Ruscnbach  has  made  expcrimcDts  on  the  acltou  of  the 
heart  when  its  valves  »re  injured  artificially.  If  the  aortic  valves  are  perfuruted,  with  or  without 
Mmutianeous  injury  to  the  mitral  or  tricuspid  valves,  the  heart  does  more  work;  thus  the  physical 
defect  is  overcome  for  a  lime,  fio  that  the  blood  pressure  does  not  fall.  The  heart  seems  to  have  a 
iture  of  re;»erve  energy,  which  \s  called  into  ptay.  Soon,  however,  dilatation  take^i  place,  on  account 
of  the  regurgitation  ol  the  blood  into  ihe  heart.  Hypertrophy  then  occurs,  bat  the  oompensatton, 
meanwhile,  must  be  obtained  through  the  reserve  energy  of  the  heart. 

Impeded  Diastole. — Amon^  causes  which  hinder  the  diastole  of  the  heart  are— copious  effusiou 
Into  the  pericardium,  or  pressure  of  tumors  upon  the  heart.  The  syttiole  is  greatly  interfered  with 
when  the  heart  is  united  to  the  [M:ricardium  and  to  the  connective  tissue  in  the  mcdiostLnum.  As  a 
ciin<«ei[uerice,  the  connective  tissue,  and  even  the  thoracic  wall,  are  drawn  in  during  contraction  of 
the  heart,  so  that  there  is  a  tetraciiun  of  the  region  of  the  apex  beat  during  s)'stole,  and  a  protrusion 
of  this  part  during  the  dia.<ito[e. 

(Palpitation  is  a  symptom  indicating,  generally,  very  rapid  and  quick  action  of  the  heart,  the 
salions  often  being  une<iuai  ui  lime  anJ  intensity,  while  the  (lenton  is  generally  conscious  of  the 
irregularity  of  the  cardiac  actiuu.  It  may  be  due  to  some  organU  condition  of  the  heart  itself, 
esi>ecially  where  the  cardiac  muscles  arc  weak,  m  cases  of  dilatation  and  hypertrophy  of  the  left 
ventricle  where  the  heart  is  gradually  becuniing  unable  to  overcome  the  resistances  offered  to  its 
work,  and  especially  during  exertion,  when  the  heart  is  taxed  above  its  strength.  It  may  also  occur 
where  the  bloixi  pressure  is  low,  as  in  an.-emia,  so  that  the  hcail  contracts  tjuickly,  there  being  little 
resistance  opposed  to  its  action.  The  excitability  of  the  cardiac  muscle  may  be  increased,  bs  in 
fatty  heart,  witen  very  slight  exertion  may  excite  it,  often  in  a  paroxysmal  way.  In  other  cases  it 
Is  Htrvous  ia  Its  origin,  being  either  direct  or  reflex.  In  very  emotional  and  excitable  people 
(es]iecially  in  womenj,  it  is  easily  set  up,  and  in  some  people  it  may  be  protluced  reflexly  by  gastric 
or  intestinal  irritation  or  dyspeftsia.  It  also  frequemly  results  from  excesses  of  all  kinds  and  the 
over-use  of  tol>acco.] 

[Action  of  Drugs. — The  remedies  to  be  used  obviously  depend  on  the  cause.  Where  the 
blood  pressure  it,  low,  as  in  anxmia,  digitalis  and  iron  will  do  good ;  the  former  by  increasing  the 
blood  pressure,  and  the  latter  by  improving  the  general  nutntion  of  the  body  and  the  blood  in 
particular,  in  neurotic  cases,  cardiac  sedatives  aic  indicated,  while  in  cases  due  to  indigotiun, 
jiydrocyanic  acid  is  useful  (///■««/.-«)-] 

[Fainting  or  Syncope. — In  fainttui|,  the  perton  loses  consciousness,  owiug  to  a  sudden  arrest 
of  the  blood  supply  to  ttie  brain,  the  lacc  is  (jallid,  the  respiration  is  feeble  or  cea*cs,  whde  the 
heart  beats  but  feebly  or  not  at  all.  The  defective  supply  of  blood  to  the  brain  may  depend  U|>iin 
sudden  arreKl  of  the  heart's  action,  caused,  it  may  be,  by  a  fnghi,  or  the  hean's  action  may  !« 
arrested  rcllcxiy.  Any  cause  which  suddenly  diminishes  the  bluod  pressure  may  produce  it,  or 
when  pressure  is  suddenly  removed  from  the  large  vessels,  as  in  tapping  the  abdomen  in  ascics, 
without  at  ihc  same  lime  giving  suliiLicnt  sup|H>rt  to  the  alxlominal  viscera.  When  a  person  ha« 
been  long  in  the  recumbent  position,  un  being  rapidly  set  up  in  bed,  lie  may  faint.  In  some  forms 
of  heart  uiseasc,  suddea  exertion  or  change  of  position  may  produce  it.] 

[Treatment. — The  object  is  to  restore  consciousness  and  the  action  of  the  heart.  Place  Ihe 
person  m  the  horiroiual  poaitiud,  with  the  lieud  Ijw.  even  lower  than  the  body,  and  do  not  support 
it  with  pillows,  iJa-ihing  cold  water  in  the  face,  so  as  to  stimulate  the  fifth  nerve,  usually  succce^it 
in  causing  the  person  to  take  a  deep  inspiration.  In  other  cases,  a  sniff  of  smelling  salts  or  aminunia, 
acting  tluough  the  nasal  branch  01  the  tilth  nerve,  will  excite  ilie  cardiac  and  respiratory  functtoos 

50.  THE  APEX  BEAT.  THE  CARDIOGRAM,  CHANGES  IN 
THE  SHAPE  OF  THE  HEART.— Cardiac  Impulse.— By  the  term 
"apex  beat,"  or  cardiac  impulse,  is  understood,  under  normai  circumstances, 
an  elevation  (^perceptible  to  touch  and  sight)  in  a  circumscribed  area  of  the  jS/fA 
left  intercostal  sjKice,  catiscd  by  the  nnoveraent  of  the  heart.  [The  a[>ex  beat  is 
felt  in  the  fifth  left  intercostal  space,  2  inches  below  the  nipple  and  i  inch  to  its 
sternal  side,  or  at  a  point  2  inches  to  the  left  of  the  sternum.]  The  impulse  is 
more  rarely  felt  in  the  fourth  intercostal  space,  and  it  is  much  Itrss  distinct  when 
the  heart  beats  against  the  fifth  rib  itself.  The  position  and  force  of  the  cardiac 
impulse  vary  with  changes  in  the  position  of  the  body. 

[The  cardiac  impulse  is  synchronous  with  the  systole  of  the  heart,  but  although  this  name 
and  apex  beat  arc  frequently  used  as  synonymous  terms,  it  is  to  be  remembered  that  the  impulse 
may  lje  caused  by  ditfercnt  pans  of  the  heart  being  in  contact  with  the  cheM  wall.  The  cardiac 
impulse  IS  usually  higher  than  uomioi  in  children,  while  it  is  lowci  during  io»piralion  than 
expiration.] 
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[Methods. --To  ohiain  a  curve  or  ihe  itpex  bent  or  a  cardiogram,  we  may  use  one  or  other  of 

the  follovftiig  carding; rauhs  [Fig.  31).  Fig.  u,  A,  is  the  finit  form  used  by  Marcy,  and  it  consisti  of 
an  oval  wooden  capf^le  applied  in  an  uir-ltght  manner  uver  the  apex  beat.  The  disk,  p,  capable 
of  being  regulated  by  the  screw,  j,  pre«cs  upon  the  region  of  the  apex  beat,  while  /  is  a  tube  which 
may  be  connected  with  a  recording  tambuur  ( Fig.  40).  B  \*-  an  improved  fnrm  of  the  instrument, 
consisting,  essentially,  of  a  tamlour,  while  attached  lu  the  membrane  ts  a  button,  /,  to  Ik  appheil 
Over  the  apex  beat.  The  movements  of  the  air  within  the  cjp^iile  are  communicated  by  the  lube, 
t^  to  a  recording  tambour.  Fig.  31,  C,  is  the  pansphyg^roograpb  of  Hrondgeest,  which  consist*  of 
a  Marey's  tambour,  in  an  iron  burses  hoe  frame,  and  adjiisiable  by  means  of  a  screw,  1.  Burdocv* 
Sanderson's  cardiograph  is  shown  in  D.  The  button,  />,  carried  by  the  spring,  t,  does  not  rest 
upon  the  caoutchouc  membrane,  but  on  an  aluminium  plate  attached  to  it.  The  apparatus  is  adiucted 
10  the  chest  by  three  supports.  Fig.  31,  E,  shows  a  modified  inMrumcnt  on  tlie  same  principle,  by 
Grummach  and  v.  Knoll.  In  nil  these  figures,  the  /  indicates  the  exit  tul»e,  communicating  with  a 
recording  tambuur  \  Fig.  40).  D  and  £  may  be  used  for  other  purposes,  t g.^  for  the  pulse,  so  that 
they  are  polygraphs.     See  also  Fig.  72  ] 

Fig,  33. 


I. 


II. 


1.  Schemadc  horizontal  «ectioo  dirough  the  heart  and  Iiuigx,  and  the  thoncic  walk,  to  thov  the  ck^mgc  of  aliag 
which  th«  bas«  of  ihc  hcan  unilcrgoes  'durinc  contraction  of  ih«  venlrielc — i.  J,  irinii'erK  diameter  of  the 
iriclc  during  diiiiiolc ,    r.  poaitioD  of  the  thoracic  wall  during  diploic  ;   a,  h.  traiiftvcr*e  diameter  of  iltc  heart 
durinc  *>'«tok,  wUh  /,  the  pwition  of  the  anterior  thunuic  wall  during  rystok.    11.  Side  view  of  the  hcut — i, 
apex  during  dLutolc .  /,  the  tunc  during  >y>tolc  (C  Ludtui^  attJ  Htnit). 


Fig.  32,  A,  shows  the  cardiogram  or  the  impulse  curve  of  the  heart  of  a  healthy 
man ;  B,  that  of  a  dog,  obtained  by  means  of  a  sphygmo^raph.  In  both  the 
following  points  are  to  be  noticed :  a  d,  corresponds  to  the  time  of  the  pause  and 
the  coniractiott  of  the  auricUi.  As  the  atria  contract  in  the  direction  of  the  axis 
of  the  heart  from  the  right  and  above  toward  the  left  and  below,  the  apex  of  the 
heart  moves  toward  the  intercostal  space.  The  two  or  three  smaller  elevations  ara^ 
perhaps  caused  by  the  contractions  of  the  ends  of  the  veins,  the  auricular  appcndi' 
ces,  and  the  atria  themselves. 

Some  ohscrvers  ascribe  the  small  elevations  occurring  before  b  to  the  filling  of  the  ventricle  during 
the  diastole,  whereby  it  is  pressed  against  the  intercostai  space  yMaurer,  GrUtsMtr). 

The  portion  bc^  which  communicates  the  greatest  impulse  to  Ihe  instrument  and 
also  to  one's  hand  when  it  is  placed  on  the  apex  beat,  is  caused  by  the  eontnuttom 
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ventricUs^  and  during  it  the  first  sound  of  the  heart  occurs.  Frequently,  but 
erroneously,  the  cardiac  impulse  has  been  ascribed  to  the  contraction  of  the 
ventricles  alone.  It,  however,  is  due  to  all  those  conditions  which  cause  an  eleva- 
tion in  the  region  of  the  apex  beat. 

The  cause  of  the  ventricular  impulse  has  been  much  discussed.  It 
depends  upon  the  following  : — 

(i)  The  base  of  the  heart  (auriculo-ventricular  groove)  represents  during 
diastole  a  transjfrrst/yphud  eiiipse,  while  during  contraction  it  has  a  more  circuiar 
figure.  Thus,  the  long  diameter  of  the  ellipse  is  diminished  in  the  cat  from  28  to 
32.5  mm.  (C  Ltuiwi^Y,  the  small  diameter  is  increased  {-^  to  ^),  while  the  base 
IS  brought  nearer  to  the  chest  wall  i. Arnold,  Ludwig),  (Fig.  33,  I).  This  alone 
does  not  cause  the  impulse,  but  the  basis  of  the  heart,  being  hardened  during  the 
systole  and  brought  nearer  to  the  chest  wall,  allows  the  apex  to  execute  the 
movement  which  causes  the  impulse  [compare  p.  82]. 

(2)  During  relaxation,  the  ventricle  lies  with  its  apex  obliquely  downward,  and 
|With  its  long  axis  in  an  oblique  direction — so  that  the  angles  formed  by  the  axis 

f  the  ventricles  with  the  diameter  of  the  base  are  unequal — represents  a  regular 
cone,  with  its  axis  at  right  angles  to  its  base.  Hence,  the  apex  must  be  erected 
from  below  and  behind,  forward  and  upward  {^Harvey — **cor  sese  erigere"),  and 
when  hardened  during  systole  presses  itself  into  the  intercostal  space  {Luiiwig)^ 

(Fig.  33.  10- 

(3)  'llie  ventricles  undergo  during  systole  a  slight  spiral  twisting  on  their  long 
axis  ("lateralem  inclinationem  " — Han'ey)^  so  that  the  apex  is  brought  from 
behind  more  forward,  and  thus  a  greater  portion  of  the  left  ventricle  is  turned  to 
the  front.  ITiis  rotation  is  caused  by  the  muscular  fibres  of  the  ventricles,  which 
proceed  from  that  part  of  the  fibrous  rings  between  the  auricles  and  ventricles 
which  lies  next  the  anterior  thoracic  wall.  The  fibres  pass  from  above  obliquely 
downward,  and  to  the  left,  and  also  run  in  part  u[)on  the  posterior  surface  of  the 
ventricles.  When  tliey  contract  in  the  axis  of  their  direction,  they  tend  to  raise 
the  apex,  and  also  to  bring  more  of  the  jKjsterior  surface  of  the  heart  in  relation 
with  the  anterior  thoracic  wall  (^Hari'ey,  Kiirs^hnfry  W^Uk^ns).  This  rotation  is 
favored  by  the  slightly  spiral  arrangement  of  the  aorta  and  pulmonary  artery 
i^K&rmtifr), 

These  are  the  most  important  causes,  but  minor  causes  are  as  follows: — 

(4)  The  *' reaction  impuise'*  or  ^'recoiV'  is  that  movement  which  the  ventricles 
are  said  to  undergo  (like  an  exploded  gun  or  rocket),  at  the  moment  when  the 
blood  is  discharged  into  the  aorta  and  pulmonary  artery,  whereby  the  apex  goes 
in  the  opposite  direction,  /.  €.,  downward  and  slightly  outward  {AUkrson  {/Szj), 
Guthrod,  Skoda^  Hiffcisheim),  Landois,  however,  has  shown  that  the  mass  of 
blood  is  discharged  into  the  vessels  0.08  of  a  second  after  the  beginning  of  the 
systole,  while  the  cardiac  impulse  occurs  with  the  first  sound. 

(5)  When  the  blood  is  discharged  into  the  aorta  and  pulmonary  artery,  these 
vessels  are  slightly  eionj^afed,  owing  to  the  increased  blood  pressure  (S^na<:\.  As 
the  heart  is  suspended  from  above  by  these  vessels,  the  apex  is  pressed  slightly 
downward  and  forward  toward  the  intercostal  space  (?). 

II  CttUmann  ■»d  Jahn  obKrved  that  the  cardiac  impulse  disappeared  after  suddenly  tigaluriog  the 

I  *ona  and  pulmonary  artery,  white  Chauveau  and  Kosenstein  maintain  that  it  persists  after  this 
I       operation. 

^^L  As  the  cardiac  impulse  is  observed  in  the  empty  hearts  of  dead  animals,  (4)  and 
^Bb)  are  certainly  of  only  second-rate  importance.  P'ilehnc  and  Penizoldl  maintain 
^^Sat  the  apex  during  systole  does  not  move  to  the  left  and  downward,  as  must  be 

the  case  in  (4)  and  (5),  but  that  it  moves  upward  and   to  the  right — a   result 

corroborated  by  v.  Ziemssen. 

in  aWributcs  the  caiuc  of  the  impulse  to  the  rigidity  or  hardening  of  the  ventricle  during 
»le,  (u  the  rotatory  tnovemeni  and  lengthening  downward  of  the  blood  column  in  the  aorta  and 

6 


82 


CHANGE    IN    SHAPE  OF   HEART. 


imlmoimry  anery.  uhile  toward  the  end  of  ihe  systole  the  maxtmuni  of  recoil  takes  place  and 
tonlribules  to  cauic  it.] 

It  U  to  be  rciucuiberetl  that  as  tlie  apex  is  always  applied  to  the  chest  wall,  separated  from  it 
merely  by  the  thin  margin  of  the  lung,  it  only  presses  against  the  intercostal  Kpace  during  systole 

After  the  apex  of  the  curve,  r,  has  been  reached  at  the  end  of  the  systole,  the 
curve  falls  rapidly,  as  the  ventricles  rapidly  Income  relaxed.  In  the  descending 
part  of  the  curve,  at  //and  ^,  are  two  elevations,  which  occur  simultaneously  with 
ihe  second  sound.  These  are  caused  by  the  sudden  closure  of  the  semilunar  valves, 
which,  occurring  suddenly,  is  propagated  through  the  axis  of  the  ventricle  to  its 
apex,  and  thus  causes  a  vibration  of  the  intercostal  space  :  //corresponds  to  the 
closure  of  the  aortic  valves,  and  e  to  the  closure  of  the  pulmonary  valves.  The 
closure  of  the  valves  in  these  two  vessels  is  not  simultaneous,  but  is  separated  by 
an  interval  of  0.05  to  0.09  sec.  The  aortic  valves  close  sooner  on  account  of  the 
greater  blood  pressure  there  {Landois  {i8y6),  Ott  and Ifaas,  Malbranc^  Maurer^ 
Gruizner,  Langtndorff^  v.  Ziemssen,  and  Ter  Grexorr'ans). 

Complete  diastolic  relaxation  of  the  ventricle  occurs  from  <r  to/  in  the  curve. 
It  is  clear,  then,  that  the  cardiac  impulse  is  caused  chiefly  by  the  contraction  of  the 
ventricles,  while  the  auricular  systole  and  the  vibration  caused  by  the  closure  of 
the  semilunar  valves  are  also  concerned  in  its  production. 

[Change  in  Shape  of  Heart. — The  experiments  of  Ludwig  and  Hesse  on 
the  heart  of  the  dog  show  that  the  shape  of  the  ventricles  varies  remarkably 
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in  systole  and  diastole,  and  that  rhe  shape  of  the  heart  as  found  post-mortem  is 
not  its  natural  shajje.] 

[Method. —  lllceil  a  dog  rapidly  frnm  the  carotids,  dr5bnnnlc  the  blood,  cxpoM  the  heart,  tie 
graduated  stmighi  tut>es  into  the  pulmonary  artery  and  aorta,  and  ligature  the  auricular  vesaels. 
Pour  the  blomt  into  the  heart  until  it  is  diluted  under  a  pressure  etjual  to  the  mean  arterial  pressure 
(150  mm.).  The  ventricles  arc  in  Ihe  diastnlic  phnKc,  the  anricles  still  pul&ate.  A  plaster  cast  i* 
now  rapidly  made  of  the  veiiinctcs.  This  represents  the  diastolic  phase.  To  obtain  what  may  be 
regarded  as  the  ftystnlic  phase,  a  heart,  similarly  prepared  but  emptied  of  blood,  is  suddenly 
planged  into  a  hot  (50°  C),  i^aturated  snlution  of  puloi^'-ic  bichromate,  when  the  heart  gives  one 
rapid  and  final  contraction  and  remains  permanently  cuniraacd,  owing  to  the  heat  ngor,  its  prtXeids 
being  coagulate<i  (J  295).  This  is  (he  fty*loHc  phaw.  Little  pins  with  twisted  [.H'ints  are  pre- 
vioutly  inserted  in  the  organ,  to  mark  certain  parts  of  both  hearts,  for  comparison.] 

[In  diastole,  the  shape  of  the  ventricle  is  hemispheroidal,  the  apex  being 
rounded,  while  the  posterior  surface  is  flatter  than  the  anterior  (Kig.  34)-  In  the 
plane  of  the  ventricular  base,  the  greatest  diameter  is  from  right  to  left,  and  the 
shortest  from  base  to  apex.  The  conus  arteriosus  is  above  the  plane  of  the  base. 
During  systole,  the  apex  is  itiore  (>ointed,  the  ventricle  more  conical,  while  all  the 
diameters  in  the  plane  of  the  ba.se  are  equally  diminished,  hence  the  verticil 
measurement  from  base  to  aj^x  is  longer  now  than  either  of  the  diameters  at  the 
base  (Fig.  35),  The  conus  arteriosus  sinks  toward  the  plane  of  the  base,  while 
(he  base  of   the  ventricle  becomes  more  circular,  so  that  the  difference  of  the 
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curvatures  of  the  anterior  and  posterior  surfaces  vanishes  (Fig.  36).  In  all  these 
figures  the  shaded  part  represents  diastole  and  the  riear  part  systole.  The  most 
remarkable  point  is  that  the  vertical  measurement  remains  unchanged.  This 
refers  to  the  left  ventricle,  which,  of  course,  forms  the  apex  ;  the  right  Ls  shortened. 
The  plane  of  the  ventricular  base  in  systole  is  about  one-half  of  what  it  is  in  dias- 
tole, and  as  shown  in  Fig.  38.  Thus  the  heart  is  diminished  in  all  its  diameters 
except  one,  the  arterial  orifices  are  scarcely  affected,  while  the  area  of  the  auriculo- 
vtrntricular  orifices  (M.T.)  is  diminished  about  one-half  (Fig.  37).  This  is  most 
important  in  connection  with  the  closure  of  the  auriculo-vcntricular  valves  ;  as  it 
shows  that  the  muscular  fibres  of  the  heart,  by  diminishing  these  orifices  during 
systole,  greatly  aid  in  the  perfect  closure  of  these  valves.  Thus  we  explain  why 
defective  nutrition  of  the  cardiac  muscle  may  give  rise  to  incompetency  of  these 
valves,  without  the  valves  themselves  being  diseased  {Ma€atister).'\ 

[In  order  to  account  for  the  vertical  diameter  remaining  unchanged,  we  may 
represent  the  ventricular  fibres  as  consisting  of  three  layers,  viz.,  an  inner  and 
outer  set,  more  or  less  longitudinal,  and  a  middle  set,  circular.  Both  sets  will 
lend  when  they  contract  to  diminish  the  cavity,  but  the  shortening  of  the  longi- 
tudinal layers  is  compensated  for  by  the  contraction,  /.  e.<,  the  elongation  pro- 
duced by  the  circular  set.] 

tin  ortter  to  obtain  the  shape  of  the  cavities,  ^ogs  were  taken  of  the  same  litter  and  as  nearly 
e  as  possible.    One  heart  was  filled  with  blood,  as  already  described,  and  placed  in  a  cool  solu- 
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tion  of  polas&ic  bichroroaie,  whereby  it  wu  slowly  hardened  in  the  diastolic  form,  while  the  oihe 
was  plunged,  as  before,  in  a  hoi  sohilion.     Casts  were  then  made  of  the  cavities.] 

51.  THE  TIME  OCCUPIED    BV   THE  CARDIAC  MOVEMENTS.— Methods.— 

The  lime  occuiiicd  bjr  the  vhtxoms  phtues  iff  ike  moz'tmirH/s  of  the  heart  may  be  determined  by  i^udy- 
UI2  the  apex-beat  curve. 

( I )  If  wc  know  at  what  rate  the  plate  on  which  the  curve  was  obiaine<l  moved  during  the  experi- 
ment, of  course  .ill  that  is  necessary  is  to  measure  the  distance,  and  so  calculate  the  time  occupied 
by  any  event  (sec  Pulse,  3  67). 

(3)  It  is  prcferatile,  however,  to  cause  a  tuning  fork,  whose  rsie  of  vilvation  is  known,  to  write 
its  Tibralions  under  the  curve  of  the  apex  beat,  or  the  curve  may  he  wriuen  up<jn  a  plate  attached  to 
a  vibrattn|<!  tuning  fork  (Fig.  32,  I),  K).  Such  a  curve  contain.^  fine  teeth,  caused  by  the  vibrations 
of  the  tuning;  furk.  1)  and  E  are  cur\'cs  obtained  from  the  cardiac  im^mlsc  in  this  way  from  hcahhy 
ShtAenti,  In  D  the  notch  t^ia  not  indicated.  Each  complete  vibration  of  the  tuning  fork,  reckoned 
fromaDcx  to  apex  of  the  teeth  ^0.01613  second,  so  that  it  is  simply  necessary  to  count  the  number 
of  le^n  and  muhiplv,  to  obtain  the  time.  The  values  obtained  vary  within  certain  limits,  even  in 
health. 

Pause  and  Contraction  of  Auricles. — The  value  of  <j  ^=  pau.se  +  con- 
traction of  the  auricles,  is  subject  to  the  greatest  variation,  and  depends  chiefly 
upon  the  number  of  heart  beats  per  minute.  The  more  quickly  the  heart  beats, 
the  smaller  is  the  pause,  and  conversely.  In  some  curves,  even  when  the  heart 
beats  slowly,  it  is  scarcely  possible  to  distinguish  the  auricular  contraction  (indi- 
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cated  by  a  rise)  from  the  part  of  the  curve  corresponding  to  the  pause  (indicaK 
by  a  horizontal  line).  In  one  rase  (heart  beats  55  \xt  minute)  the  pause  =  0,4 
second,  the  auricular  contraction  =  0.177  '^cond.  In  Fig.  32,  A,  the  lime  occu- 
pied by  the  pause  -f  the  aurictilar  contraction  (74  beats  ix;r  minute}^  0.5  second. 
In  D,  a  ^^  19  to  20  vibrations  ^  0.32  second;  in  £  =  26  vibrations  =  0.42 
second . 

Ventricular  Systole. — The  ventricular  s>'sto!e  is  calculated  from  the  b^io- 
ning  of  the  contraction  d,  to  g  when  the  semilunar  valves  are  closed  ;  it  lasts  from 
the  first  to  the  second  sound.  It  also  varies  somewhat,  but  is  more  constant.  When 
the  heart  beats  rapidly,  it  i:i  somewhat  less — during  slow  action,  greater.  In  E  = 
0.32  second  ;  in  D  =  0.29  second  ;  with  55  beats  per  minute  Landois  found  it  ^ 
0.34,  with  a  very  high  rate  of  beating  —  0.199  second, 

NVhcn  the  ventricles  beal  feebly,  they  contract  mure  slowly,  as  caa  be  shown  by  applying  ibe 
regiitcring  apparatus  to  the  he.irt  of  an  animal  just  killed.  In  Fig.  39,  from  the  ventricle  of  a 
rauliit  juFt  killed,  the  slow  heart  Itcatfi,  II,  arc  iicen  to  last  longest. 

In  calculating  the  lime  occupied  by  the  ventricular  systole  we  must  remember—f  i")  The  timr 
beififtH  the  tiva  sounifs  of  the  heart,  /.  e.,  from  the  beginning  of  the  first  to  the  end  of  the  second 
suund  {&  to  e). 

(2)  TAe  time  the  bh0dfi(nvs  into  the  aorta,  which  comfi  to  an  end  at  the  depression  between  r 
and  d  [in  Fig.  31,  K).  Its  commencement,  however,  does  not  coincide  with  b^  as  the  aortic  valves 
open  0.0S5  ( Landois)  to  0.073  ( ^'^'}  second  after  the  beginning  of  the  vcnlricnlar  systole.  Hcace 
the  aortic  current  lasts  o.oS  to  0.09  second. 

This  is  calculated  iti  the  following  way :  The  time  between  the  first  sound  of  the  heart  and  the 

Fio.  39. 


Curv«s  obtUD«(l  from  ttte  ventricle  ^  a  ratthii,  4im)  written  upon  a  vibnadrg  pbte  AUachcd  lo  a  tuning  fork  (vibruloa 
«  0.01613  kccund).     A.  lolenibly  soon  ■Iter  dealb ;  B,  frum  clu  dying  vsntridc. 

pulse  in  the  axillary  artery  is  0.137  second,  and  of  this  time  0.052  second  is  occupied  in  the  propa* 
gallon  of  the  pulse  wave  along  the  30  cm.  of  anery  lymg  between  the  root  of  the  aorta  and  Uie 
axilla.  1  hu)i  the  pulse  wave  in  the  aorta  occurs  0.137  minus  0.053  ^  0.085  wcond  after  the  begin- 
rting  of  the  first  sound.  The  cuirent  in  the  pulmonary  artery  is  imermpied  in  the  depression 
bttween  d  and  1*. 

(31  Lastly,  the  time  occupied  by  the  muscular  contraction  of  the  ventricle,  which  b^ios  at  b, 
reaches  its  greatest  extent  at  c,  and  is  completely  relaxed  aiy;  The  apex  of  the  curve  c,  may  b« 
higher  or  lower  according  lo  the  flexibility  of  the  inicrtO'tnl  ^pacc,  hence  the  portion  of  c  varies. 
In  hypertrophy  with  dilatation  of  the  -left  ventricle,  the  duraittm  of  the  ventriculai  cuniraction  does 
not  greatly  exceed  the  normal. 

The  lime  which  elapses  between  ^and  <*,  /.  c,  between  the  complete  closure  of 
the  aortic  and  pulmonary  valves,  is  greater  the  more  the  pressure  in  the  aorta 
exceeds  that  in  the  pulmonary  artery,  as  the  valves  are  closed  by  the  pressure  from 
above,  and  the  difference  in  lime  may  be  0.05  second,  or  even  double  that  time, 
in  which  case  the  second  sound  ap|>ears  double  (compare  §  54).  If  the  aortic 
pressure  diminishes  while  that  in  the  pulmonary  artery  rises,  d  and  i  may  be  so  near 
each  other  that  they  are  no  longer  marked  as  distinct  elements  in  ihe  curve. 

The  time,  ef,  during  which  the  ventricles  relax  varies  soraewhai  :  o.  i  second 
may  be  taken  as  a  mean. 

Accelerated  Cardiac  Action. — When  the  action  of  the  heart  is  greatly  accelerated,  the  pause 
is  conuJcraUy  shoTlcncd  in  the  first  instance  [Dondcts),  and  to  a  less  extent  the  time  of  contraction 
of  the  auricles  and  ventricles.  When  the  pulse  rate  is  very  rapid,  the  systole  of  the  atria  coincides 
with  the  closure  of  the  arterial  valves  of  the  preceding  contraction, as  ts  shown  in  Kig.  32,  C  (dog). 
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In  regtstcring  the  carcliac  impuliic,  the  apparatus  is  separated  by  a  greater  or  Ic&s  extent  of  soft 
parts  from  the  luart  itself,  so  that  in  nil  cases  the  ii«ercc*tal  tiuues  do  not  follow  exaaly  the  move- 
mcnis  uf  the  hean,  and  thus  the  curve  obtained  may  not  coincide  mathematically  with  the  movements 
of  the  hcait.  It  is  (Ic<iirable  that  curves  be  obtained  from  persons  whose  hearts  are  exposed,  i.  r.,  in 
cases  of  Ectopia  cordis. 

Cleft  Sternum.— Oibson  in5cri»>ed  cardiograms  from  the  heart  of  a  man  MPi(h  cleft  sternum.  The 
fullowiiig  were  the  results  obtained  :  Auricular  contraction  ^0.115:  ventricular  contraction  (^.  ^) 
=:ft2S;  dirrercnce  between  closure  of  valves  (//,  f)  =  o.09;  ventricular  diastole  (^,  /j^^o.ii; 
pause  =^  0.45  KCond. 

[Ventricular  Systole.— •Chapman  has  calculated  the  duration  of  the  ventricular  systole  for 
varying  frequency  of  the  heart  beat,  as  follows,  in  sees :— 


frequeocy 
per  Mm. 

rhiratioa  oT  Sr>iol«. 

Frequency 
per  Min. 

Durmtloo  of  Sysiola. 

46-50 

.3600  /normal). 
.3425    normal). 

r    86-  90 
.    86-90 

.3200  (exentoo  and  normal). 

51-55 

•2800  (bath). 

(    56-60 

.3200  (bath). 

91-  95 

,2f'»90  (mixed  coacs). 

V  56-60 

•3460  {normal). 

f    96-100 
\   96-100 

.2730  {normal). 

61-65 

.3200  (mixed  case«). 

.2540  (bath). 

6^75 

.3200  (mixed  cases). 

101-105 

.2543  (balh). 

71-75 

•J033  (bath). 

106-110 

.2675  (exertion  onlv^. 

1  76-So 

\   76-80 

.3300  (exertion  and  normal). 

111-115 

.2475  ('Tii'^efl  cases). 

.3032  (bath). 

116-120 

.2350  (mixed  cases). 

f  8i-»5 
\  81-S5 

.32^0  I'exentoD  and  normal). 

130 

.2100  (exertion). 

.3030  (barh). 
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These  results  were  obtained  by  measuremencs  of  tracings  of  cardiograms  taken  after  a  Turkish 
both,  or  after  CAerlion.] 

Endocardial  Pressure. — In  large  tnatnmals,  siich  as  the  horse,  Chauveau  and 
Marey  determined  the  duration  of  the  events 

that  occur  within  the    heart,    and   also  the  ^'*^'  ^o* 

en<locardial  pressure,  by  means  of  a  cardiac 
sound.  Siiiall  elastic  bags  attached  to  tubes 
were  introduced  through  the  jugular  vein 
into  the  right  auricle  and  ventricle.  Each 
of  these  lubes  vas  connected  with  a  register- 
ing tambour  (Fig.  40),  and  simultaneous 
tracings  of  the  variations  of  pressure  within 
the  cavities  of  the  heart  were  obtained  by 
causing  the  writing  points  of  the  levers  of 
the  tambours  to  write  upon  a  revolving 
cylinder. 

Fig.  4I1  A,  give*  the  result  obtained  when  the  elastic 
bog  was  placed  in  the  right  auricle,  introduced  through 
the  jupilar  vein  and  vupcrinr  vena  cava  ;   U,  when  it 

ventricle  ;  I),  m  the  root  of  the  aorta,  pushed  in  through  u,  and  bearing  >n  alumioiDin  di>k,  which  act» 

I         ihecarulid;  C,  pushed  na^t  the  semilunar  valves  into         upon  the  wriiing  lever,  H.  liy  nieaTi*<ifa  ihitW- 
1        .b,  Icr.  ventricle  :  while  ..  E  .  «n,iUr  1«b  ha.  h«„  ;:^h'^„,".7.V;':TJIi'r„;„;;  w',>«''..7:™c:',3 

^^■Blaced   exiemally  tM:tween  the  heart  s    f4>ex  and  the  variations  of  pressure. 

^^Hnner  wall   of  the  chcM.     In  all  cases  v  =r  auriculor 

^^EiDivtraclion ;  V,  that  of  the  ventricle;  s,  clo&urc  of  semilunar  valves,  sooner  in  C  than  B;  P  ;^  pause. 
^^^*  Method. — The  cardiac  sound  cun»tsts  of  a  tube  containing  two  separate  air  pa>i&agei>,  and  in  con- 
^^■neciion  with  each  of  the*^  there  i«  a  small  elastic  bag  or  ampulla.  One  of  the  bags  is  fixed  to  the 
free  end  of  the  sound,  and  communicates  with  one  of  the  air  passages.  The  other  liag  is  placed  in 
connection  with  the  second  air  passage  in  the  sound,  and  at  such  a  distance  that,  when  the  former 
Wg  lies  within  the  ventricle,  the  latter  is  in  the  auricle.  Each  bag  and  air  tube  communicating  wiih 
tt  IS  connected  with  a  Marey's  tamt>our  (Fig.  40),  provided  with  a  lever  which  inscribes  its  move- 
ents  upon  a  revolving  cylinder.  Any  variation  of  pressure  within  the  auricle  or  ventricle  will 
ert  the  elastic  ampuU.'v.  and  thui  raise  or  dcprew  the  lever.  Care  must  be  taken  that  the  writing 
point!  of  the  levers  are  placed  exactly  above  each  otbcr.  A  tracing  of  the  cardiic  impulse  is  taken 
simultaneously  by  means  of  a  cardiograph  attached  to  a  separate  tambour. 
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Ii  has  still  to  be  determined  whether  the  auricles  and  ventricles  act  alternately, 
so  that  at  the  moment  of  the  beginning  of  the  ventricular  contraction  the  auricles 
relax,  or  whether  the  ventricles  are  contracted  while  the  auricles  still  remain 
slightly  contracted,  so  that  the  whole  heart  is  contracted  for  a  short  rime  at  least. 
The  latter  view  was  supported  by  Harvey,  Donders,  Schiff,  and  others,  while 
Haller  and  many  of  the  more  recent  observers  support  the  view  that  the  action  of 
the  auricles  and  ventricles  alternates.  In  the  case  of  Frau  Serafin,  whose  heart 
was  exposed,  v.  Ziemssen  and  Ter  Gregorianz  obtained  curves  from  the  auricles, 
which  showed  that  the  contraction  of  the  auricles  continued  even  after  the  com- 
mencement of  the  ventricular  systole.  In  Marey's  cun-e  (Fig.  41)  the  contrac- 
tion of  the  ventricle  is  represented  as  following  that  of  the  auricle. 

Kin.  4r. 


Right  Aurkk- 


Kifilii  VeuttkJr 


■-  I,efi  VctitnCle 


-  CudiAc  Impubc 


Curvtn  obtained  frum  ihc  hc»n  Ijy  the  cardiac  s'KiikJ  (Ctuvrriu  anj  Mar>y\. 

52.  PATHOLOGICAL  DISTURBANCES  OF  THE  CARDIAC  IMPULSE.— 
Change  in  the  Position  of  the  Apex  Beat. — "I'he  position  of  the  cardiac  impulse  is  changed — 
(1)  by  the  accumuLition  nf  fluids  (serum,  pus,  hloodi)  or  gas  in  one  pleural  cavity.  A  copious 
clTu5ion  into  the  left  pleural  cavity  comprcs-^es  the  lutig.  and  may  dtitplacc  the  heart  toward  the 
right  side,  while  efTuaion  qji  the  right  side  may  push  the  heart  more  to  the  left.  As  the  right 
heart  must  make  a  greater  e^brt  to  propel  the  blcxxl  through  the  compressed  lung,  the  cardiac 
impulse  is  usually  increased.  Advanced  emphysema  of  the  lung,  causing  the  diaphra^nii  to  be 
pressed  downward,  displaces  the  heart  downward  and  inward,  while  conversely  the  pushing  or 
pulling  up  of  the  diaphragm  (by  contraction  of  the  lung,  or  through  pressure  from  below)  cauiex 
Iht;  apex  beat  to  be  displaced  upward  (even  to  the  third  Intercostal  space),  and  also  slightly  to  the 
left.  TIncliening  of  the  muscular  walls  and  dilatalion  of  the  cavities  of  the  left  ventricle  (hyper- 
trophy with  dilatalion)  make  that  Temricle  longer  and  broader,  while  the  increased  cardiac  impulse 
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auy  be  felt  lo  the  left  of  the  niAtnmary  line,  and  tn  the  axillary  line  in  the  sixth,  Hevciith,  or  even 

gitlh  iittercosial  space.      Hypcrtrophvi  with  dilatation  of  tlie  ri|{ht  side,  increases  the  breadth  uf 

heart,  while  the  cardiac  impuUc  is  felt  more  to  the  right,  even  lo  the  right  of  the  sternum,  and 

at  the  ume  time  it  may  be  slii^htly  beyond  the  left   mammary  line.     In  the  rare  cases  where  the 

hearT  is  tnnspofecd.  the  apex  beat  is  felt  on  the  ri^ht  side.     When  the  cardiac  impulse  |>oes  to  the 

^1eft  of  the  left  mammary  line,  or  lo  the  right  of  the  parasternal  line,  (he  heait  is  increased  in  breadth, 
and  there  is  Iiyjwrtrjphy  of  the  heart.  A  greatly  increased  cardiac  impulse  may  extend  to  several 
intercocul  spaces. 
The  cardiac  impulse  is  abnormally  weakened  during  atrophy  and  degeneration  of  the  cardiac 
muscle,  or  by  weakening  of  the  innervation  of  the  cardiac  ganglia.  It  Is  also  weakened  when  the 
heart  is  separated  from  the  chest  wall  owing  to  the  collection  of  the  llui>ls  or  air  in  the  pericardium, 
or  by  a  greatly  distended  left  Jung;  and,  indeed,  when  the  left  side  of  the  cheat  u  filled  with  Huid, 
the  cardLc  iropuhtc  may  be  extinguished.  The  same  occurs  when  the  left  ventricle  is  very  imper* 
Fta  43. 


I  fE 


V  ^nuu^  liirmk  ol  curvn  nbixineil  frnm  the  nrdmc  impukr.  4.  i,  coDtricnun  of  auricles  ,  i,  j,  veiiii  icuLar  iyniole . 
irf,  cintiire  tjf  flomc,  and  e  -4  pulmonary  v^lvrs;  r,/,  diasiMlc  of  ventricle  :  P,  Q,  tiyi»erirophy  and  dilaiallon  of 
ih*  Ufi  •rntriile:  P.,  »tcno«i<  uf  (tie  aortic  nrifice :  K,  mitral  iniufBciency  ;  G,  miinl  »ieao»i6  ;  L,  nervou*  yttlpl- 
UlioD  kn  lUacdov't  ditcaae ;  H,  case  of  »»-c«Ucd  lietoHystolc. 

fccily  filled  during  its  contraction  (in  consequence  of  marked  n-irrowing  of  (he  mitral  orifice), 
€)T  when  it  can  only  cm]<y  itself  very  blowly  and  gradually,  as  during  marked  narrowing  of  the 
aortic  orifice. 

An  increase  of  the  cardiac  impolse  occurs  during  hypertrophy  of  the  walls,  as  well  as  under  the 
influence  of  rarious  stimuli  (psychical,  inflammatnr}-,  febrile,  loxic)  which  affect  the  cardiac  ganglia. 
Creu  hypertrophy  of  the  left  ventricle  causes  the  heart  to  Aeove^  so  that  a  part  of  the  left  chest  wall 
^Biay  be  raised  and  also  vibrate  during  systole. 

A  pulling  in  uf  (he  anterior  wall  of  the  chest  daring  cardiac  «\-«tole  occurs  in  the  third  and 
fourth  tnterspacef,  not  unfrequently  under  normal  circumstances,  sometimes  durln};  increavd  cardiac 
aai<Hi,  and  in  eccentric  hypertrophy  of  the  ventricles.  As  the  heart's  apex  i«  slightly  displaced,  and 
the  rcnlricle  becomes  slightly  -tmaller  during  iis  systole,  the  empty  space  is  hlled  by  the  yielding 
STjft  pans  of  the  intercostal  space.  When  the  heart  is  united  with  the  pericardium  and  the  sur- 
rounding connective  tissue,  which  renders  systolic  locomotion  of  the  heart  impossible,  retractioa 
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of  the  chest  wall  during  sy»to1e  takes  the  place  of  the  carOiuc  impulse  (Siin/a).  Durinj>  ihe 
diastole  a  dtesiotic  cardiac  impulse  of  the  corresponding  part  of  the  chest  wall  may  be  aaid  to 
occur. 

Clianges  in  the  car<Iiac  impulse  are  best  ascertained  b>'  taking  graphic  representations  of  the 
cardiac  impulse,  and  studying  the  curves  so  obtained.  Thi&  method  has  been  largely  followed  by 
many  clinicians. 

In  nil  the  following  carves,  a,  ^,  means  auricnlar  coniniction ;  i,  e,  ventricular  contraction ;  t/, 
closure  of  Ihe  aortic  valves,  and  c  of  the  pulmonan*;  ^t/,  the  time  the  ventricle  is  relaxed 
(Fig.  42). 

Incurve  P  (much  reduced),  taken  from  a  case  of  marked  hypertrophy  with  dilatation,  the 
ventricular  contraction,  fi,  *-,  ts  usually  very  great,  while  the  time  occupied  by  the  cnniroction  h  not 
.  much  increased,  t'  and  (^>  were  nbtainrd  from  a  man  suffering  from  marked  eccentric  hypertrophy 
of  the  left  ventricle,  in  conseiuence  of  insufficiency  of  the  aortic  valves.  Curve  <^  was  taken 
intentionally  over  the  nuriculoveniricular  groove,  where  retraction  of  the  chest  wall  occarrcd  during 
systo'c;  nevertheless,  the  individual  events  occurring  in  the  heart  are  indicated. 

Kig.  E  is  from  n  case  of  aortic  stenosis.  The  auriciiUr  cnntr.iction  (<i,  i\  lasts  only  a  short 
lime;  the  ventricular  systole  is  obviously  lengthened,  and  after  a  short  elevation  (^,  e)  shows  a 
series  of  line  indentations  (r,  e)  caused  by  the  blood  l>eing  pressed  through  Uie  narrowed  and 
roughened  anria. 

Fig  F,  from  a  case  of  insufficiency  of  the  mitral  valve,  shows  (a,  fi)  well  m.irked  on  account 
nf  Ihe  increased  activity  of  the  left  auricle,  while  the  shuck  («/)  from  the  closure  of  the  aortic  \aWes 
is  small,  on  account  of  the  diminished  tension  in  the  arteiiai  svstrm.  On  the  nihcr  hand,  the  shuck 
from  the  accentuated  pulmonary  sound  (*■)  is  ^ery  great,  and  is  in  the  apex  of  the  curve,  f.tn 
account  of  the  great  tension  in  the  pulmonary  artery,  the  second  pulmonary  tone  m;)y  be  so  strong, 
and  succeed  the  second  aortic  sound  ft/)  so  rapidly,  that  both  aJmoKt  merge  completely  into  each 
other  (H  and  K  ). 

The  cun>-e  of  stenosis  of  the  mitral  orifice  (G)  shows  a  long,  irregular* notched  auricular 
contraction  {(i,i\  caii^d  by  the  blood  being  forced  through  an  irregular  narrow  Mribce.  The  ventricu- 
lar contraciion  (A,  f)  is  feeble,  on  account  of  its  being  imperfectly  filled.  The  clocarrs  of  the  two 
valves,  (/and  f,  arc  relativcW  far  apart,  and  one  can  hear  distinctly  a  rcduplicalcil  second  si^und. 
The  aortic  valves  close  rnpidlv,  because  the  aorta  is  imperfectly  supplied  with  blood,  white  the 
more    copious   inflow  of  blood    into   the    pubnonar)*  artery  causes  a  later  ck>sure  of  its  vaJvcA 

If  tlie  heart  beats  rapidly  and  feebly— if  the  blood  pressure  in  the  aorta  and  pulmonary  artery 
be  low,  the  signs  of  closure  if  the  pulmonary  valves  may  be  aluent — as  in  curve  I. — ^takcn  from  a 
girl  suffering  fruin  nervous  palpitation  and  morbus  Basciluwil. 

In  very  rare  cases  of  insutTiciency  of  the  mitral  valve,  it  has  been  observed  that  at  certain  times 
both  ventricles  contract  simultaneously,  as  in  a  normal  heart,  tut  that  this  akematcs  with  a  con 
dition  whtTc  the  right  ventricle  alone  seems  to  contract.  Curve  M  is  such  a  curve,  obtained  by 
Mslbranc,  who  called  tlii»  condition  intermittent  bemisyetole.  The  first  cur\c  (If  »  like  a 
normal  cur\'c,  during  which  the  whole  heart  acted  as  usual.  The  curve  II.  hDHC^er,  is  caused  by 
the  right  side  of  the  heart  alone  ;  it  wants  the  closure  of  the  aortic  valves.  </,  and  there  was  no 
puUc  in  the  arteries.  Owmg  to  insufficiency  of  the  trisctipid  valve,  the  same  person  had  a  venous 
pulse  with  every  cardiac  impulse,  so  that  the  arterial  and  venous  pulses  first  occuired  together,  and 
then  the  venous  pulse  alunc  occurred. 

In  these  cases  ISjttn/t/,  v.  Batnberf^tr,  Leyften)  the  mitral  insufficiency  leads  to  the  right  ventricle 
being  over -distended,  while  the  left  is  nearly  empty,  .vi  that  the  right  side  requires  to  contract  more 
energetically  than  ihc  left.  It  does  not  seem  that  the  ri^ht  ventricle  alone  contracts  in  these  cases, 
but  rather  that  the  action  of  the  left  side  is  very  feeble. 

53.  THE  HEART  SOUNDS.— On  lislcning  over  the  region  of  the  heari 
in  a  healthy  man,  either  with  (he  cur  applied  directly  lo  the  chest  wall,  or  by  means 
of  a  stethoscope  {Larnnec,  /S/t^),  we  hear  two  characteristic  sounds,  the  so-called 
"  heart  sounds."  Harvey  w.is  ac(|iinintL'd  with  these  sounds,  but  they  have 
been  more  carefully  studied  by  clinicians  since  the  time  of  1-aennec.  The  two 
sounds  arc  called  first  ai>d  second,  and  together  they  correspond  to  a  single  car- 
diac cycle.  These  sounds  arc  separated  by  silences,  so  that  as  far  as  the  sounds 
arc  concerned,  during  a  cardiac  cycle  we  have,  as  in  Kig.  43 — 
r.  The  first  sound. 

2.  The  first  or  .short  silence. 

3.  The  second  sound. 

4.  The  second  or  long  silence. 
[This  diagram  shows  the  relation  of  the  events  occurring  in  the  heart  itself  to 

the  sounds  and  silences  (§  48).] 
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Relative  Duration. — There  is  no  absolute  duration  of  each  phase  of  a  cardiac 
cycle,  but  we  may  take  the  average  duration  calculated 
from  the  measurements  of  Gibson  in  a  case  of  fissure  of  ^'*^  •*'■ 

the  sternum  to  be  as  follows  : — 

AuricuLir  tyittole,         .112  sec. 
Ventricular  Kvstule,     .368    *' 
Ventricular  diastole,    .578    ** 


Cardiac  cycle. 


1.058  sec. 


Suppose  we  divide  the  cycle  into  tenths  (  Waishe),  then 
the  first  sound  will  last  -j^,  the  first  silence  y^^,  the  second 
sound  T^,  and  the  long  silence  ^  of  the  entire  period. 

The  first  sound  [long  or  systolic]  is  somewhat  duller, 
twice  as  long,  booming,  and  one-third  or  one-fourth 
deeper,  than  the  second  sound  ;  it  is  less  sharply  defined 
at  first,  and  is  synchronous  with  the  systoU  of  the  ven- 
tri (its  { Turner).  The  second  sound  [short  or  dias- 
tolic] is  clearer,  sharper,  shorter,  more  sudden,  and  is 
one-third  to  one-fourth  higher;  it  is  sharply  defined  and  synchronous  with  the 
ehsure  of  the  semilunar  valves. 

The  sounds  emitted  during  each  cardiac  cycle  have  been  compared  to  the  pro- 
nunciation of  the  syllables  lubb^  dup.     Or  the  result  may  be  expressed  thus — 


2> 

Scheme  of  n  cartiUc  Cycle,  Aller 
G-tirdncf  im*!  Shar]>cy.  *1*)ic 
inner  i;]n:lc  fthom  what 
even*  nectir  in  Ibe  heart. 
and  itir  iitilcr,  itie  rebtkin  nf 
■  he  timnd^  and  ftllencei  to 
these  evenU. 


l^-li 


w 


Bu      •      tup.  Bh      •      twtp, 

[It  is  to  be  remembered  that  in  reality 7&«r  sounds  are  produced  in  the  heart, 
but  the  two  first  sounds  occur  together  and  the  two  second,  so  that  only  a  single 
first  and  a  single  set^ond  sound  are  heard.] 

The  causes  of  the  first  sound  are  due  to  two  conditions.  As  the  sound  is 
heard  in  an  excised  heart  in  which  the  movements  of  the  valves  are  arrested,  and 
also  when  the  finger  is  introduced  into  the  auriculo-ventricular  orifices  so  as  to 
prevent  the  closure  of  the  valves  (  C.  Ludwig  and  Do^el),  one  of  the  chief  factors 
lies  in  the  "  muse/e  sound"  produced  by  the  contracting  muscular  fibres  of  the 
ventricles  (  H'ill/ams,  ft^js)-  '^^'^  sound  is  supported  and  increased  by  the  sound 
produced  by  the  tension  and  vibration  of  the  auriculo-ventricular  valves  and 
their  chordae  tendincae  at  the  moment  of  the  ventricular  systole  ( J^ouanet.  Kiwisch. 
Bayer^  Giese).  Wintrich,  by  means  of  proper  resonators,  has  been  able  so  lo 
analyze  the  first  sound  as  to  distinguish  the  clear,  short,  valvular  part  from  the 
deep,  long,  muscular  sound. 

The  muscle  sound  produced  hy  tr/inrvfrsely-slripfd  munte  doe*  not  occur  with  a  simple  contrac- 
tion. Inil  only  when  fcvcral  contractions  are  superj»n«c(l  to  produce  tetanus  (^|  303).  The  ventricular 
contraction  i*  only  a  iimpie  contraction,  but  it  lasts  coii*>iderably  lon^^er  than  the  contraction  of  other 
muscles,  and  herein  bes  ibe  cause  of  the  occurreuce  of  the  muscle  sound  during  the  ventricular 
c<  ni  ractmn. 

Defective  Heart  Sounds. — In  certain  conditions  (typhus,  fatty  degeneration  of  the  heart) 
where  the  mu<tculrir  su)>sunce  of  the  heart  is  much  weakened,  the  tirsi  sound  may  be  completely 
inaudible.  In  aortic  m^uFTiciencv.  in  consenuence  of  the  reflux  of  blood  from  the  aorta  into  the 
ventricle,  the  mitral  valve  ii  ;;nidually  stretcncd,  and  sometimes  even  before  the  bcj^innin^  of  the 
vrniricular  syMole  the  lirst  sound  may  he  aLiKi;rnt.  l}oth  pnihological  case<i  show  that  frT  the  pro- 
ditrtton  of  the  first  &L>und,  muscle  stmnd  nnd  valve  sound  must  eventually  work  tof:;ethcr,  .inU  ih^t 
the  tone  is  nllered,  or  may  even  disappear,  wheo  one  of  these  causes  is  absent.  [Vco  and  Llanett 
itBic  ihAt  the  tonud  is  purely  miucular  (?)  ] 
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The  cause  of  the  second  sound  is,  undoubtedly,  due  to  the  prompt  closure, 
and,  therefore,  sudden  stretching  or  tension,  of  the  semilunar  valves  of  the  aorta 
and  pulmonary  artery,  so  that  it  is  purely  a  valvular  sound  {Carswell  and  R0uantt^ 
l8jo).  Perhaps  it  is  augmented  by  the' sudden  vibration  of  the  fluid  particles  in 
the  large  arterial  trunks.     As  already  pointed  out  (p.  82),  the  aortic  and  pulrao- 
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Tlte  heart — its  Mvenil  part*  and  itreal  ve«ael»  in  relAlion  lo  the  Tront  of  tW  Ihomx.  The  luagx  are  coHapicd  la  \\>tm 
nnnnjil  extent.  *%  after  tlcaih.  CK{M>«inK  '^^  liealt.  The  i>uillnn  nf  the  itevenal  parU  uF  the  hcuri  arc  indica<ed 
by  very  fine  dailed  linei.  The  area  tk  propagation  uf  v-^lviiUr  murmitrt  \>.  marked  uul  by  m«>re  visible  dotted 
lines.  A,  the  cinile  of  mitral  taurmiir,  carrexTtondt  to  the  left  apex  TSc  broad  and  KHiwwhat  J'ffMi^dam, 
roughly  iriatitfuLar,  U  the  region  of  iricuMitd  initrmiini,  and  cofie«^nd*  generjlly  i*ith  the  right  venind?,  wherr 
it  is  Icait  covered  by  lung.  The  letter  C  U  in  iu  centre.  The  ctrcum^nlwd  cir^nltr  tirra,  D.  i%  the  part  over 
which  the  pulmonic  arterial  rnurmur*  are  coinmunly  he:ird  loudest.  In  ntaiiy  ca^e*  it  U  ao  inch,  or  even  marr, 
lower  down,  correspond  inn  lo  the  caimt  arttriMtn  of  the  risht  ventrirle.  where  it  touchet  the  wall  oT  the  thorax. 
The  iniernal  organs  and  paru  of  organ*  are  indicated  I'y  letters  a%  rolluwK:  p.  m»  fight  auricle,  traced  in  fine 
dotting ;  Hi  a,  arch  of  aoria,  seen  in  the  firkt  intercostal  ^pace,  and  traced  in  fine  dotting  on  the  itcnium ;  c  r,  the 
iniiommaie  vcini :  r   v,  right  ventricle  :  /.  &,  left  ventricle. 


nary  valves  do  not  close  simultaneously.  Usually,  however,  the  dtfTerence  in 
time  is  so  small  that  doih  valves  make  ow  sound,  but  the  second  sound  may  be 
double  or  divided  when,  through  increase  of  the  difference  of  pressure  in  the 
aorta  and  pulmonary  artery,  the  interval  becomes  longer.     Even  in  health  this 
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may  be  the  case,  as  occurs  at  the  end  of  inspiration  or  the  beginning  of  expiration 

(v.  Ihtstr/i), 

[The  second  sound  has  all  the  characters  of  a  valvular  sound.  That  the  aortic 
valves  are  concerned  in  its  production  is  proved  by  introducing  a  curved  wire 
through  the  left  carotid  artery  and  hooking  up  one  or  more  segments  of  the  valve, 
when  the  sound  is  modified,  and  it  may  disappear  or  be  replaced  by  an  abnormal 
sound  or  "murmur"  {Hopi),  Again,  when  these  valves  are  diseased,  the  sound 
is  altered,  and  it  may  be  accompanied,  or  even  displaced,  by  murmurs.] 

Where  the  Sounds  are  Heard  Loudest.— The  sound  produced  by  the 
tricuipiJ  vaivi  is  heard  loudest  at  the  junction  of  the  lower  ri^ht  costal  cartilages 
with  the  sternum  ;  as  the  mitral  valve  lies  more  to  the  left  and  deeper  in  the  chest, 
and  is  covered  in  front  by  the  arterial  orifice,  the  mitral  sound  is  best  heard  at 
the  apex  beat,  or  immediately  above  it.  where  a  strip  of  the  left  ventricle  lies  next 
the  chest  wall.  [The  sound  is  conducted  to  the  part  nearest  the  ear  of  the  listener 
by  the  mascular  substance  of  the  heart.-]  The  aortic  and  pulmonary  orifices  lie 
so  close  together  that  it  is  convenient  to  listen  for  the  second  {aortic)  sound  in 
the  direction  of  the  aorta,  where  it  comes  nearest  to  the  surface,  i.e.,  over  the 
second  right  costal  cartilage,  or  aortic  cartilage,  close  to  its  junction  with  the 
sternum.  The  sound,  although  produced  at  the  semilunar  valves,  is  carried 
upward  by  the  column  of  blood  and  by  the  walls  of  the  aorta.  The  sound  pro- 
duced by  the  pulmonary  ar/fry  is  heard  most  distinctly  over  the  third  left  costal 
cartilage,  somewhat  to  the  left  and  external  to  the  margm  of  the  sternum  (Fig.  44). 

54.  VARIATIONS  OF  THE  HEART  SOUNDS.— An  inrnasf  of  the  first  wunil  of 
both  vcntrirlfts  inHicitcs  a  more  energetic  contraction  of  (he  vi-ntricular  muKle  .ind  a  simultaneously 
grestcr  and  more  i^u'lden  tension  of  the  auriculG^veniricular  valveii.  An  incruase  nf  the  secumj 
iounU  is  ft  sign  of  incr(:aj>ed  ten&ion  in  the  interior  of  the  corresponding  lar^e  arteries.  IleiKe. 
Increase  of  the  second  (pulmonary)  »ound  indictites  overAUing  and  excessive  tension  in  the  pulmonary 
circuit. 

fttbU.  wrai  action  of  the  heart,  u  well  as  abnormal  want  of  blood  in  the  heart,  causes  weak 
heart  sounds,  which  is  the  case  in  degenerations  of  the  heart  muscle. 

IrrccuUriiies  in  struaure  of  the  individual  valves  may  cause  the  heart  sounds  to  become  "/iw/wr*." 
If  a  palhulogical  cavity,  filled  with  air,  be  &o  placed,  and  of  such  a  furm  as  to  act  as  a  resonator  to 
the  hc;in  ^ound*.  they  may  assume  a  *' metallic  "  character.  Tlie  first  and  second  sounds  may  Ijc 
"reduplicated"  or  [although  "duplication"  is  a  more  accurate  terra  (Barr)']  doubled.  The 
reduplication  of  the  first  vnind  is  cxplair)C<i  by  the  tension  of  the  tricuspid  and  that  of  the  mitral 
valves  not  occurring  simultaneously.  Sometimes  a  sound  is  produced  by  a  liypertrnphied  auricle 
producing  an  audible  presystolic  sound,  /.  r,  a  sound  or  "murmur."  preceding  the  first  sound. 
As  the  aurtic  and  pulmonary  valves  do  nut  close  quite  simultaneously,  a  redupliatUii  second  sound 
ts  only  an  increase  of  a  physiolo^icAl  condition  (Lnm/oi's).  All  conditions  which  cause  the  aortic 
valves  to  close  rapidly  (diminished  amount  of  blood  in  the  left  ventricle)  and  the  pulmonary  valves 
lu  clotc  later  (cnn^^cslion  of  the  right  ventricle — both  condiLions  together  in  mitral  Menosis),  favor 
the  jwoduction  of  .1  rcjhiplicated  second  sound. 

Cardiac  Murmurs. — U  ir  egularities  occur  in  the  valves,  cither  in  cases  of  stenosis  or  in  in* 
suKicicncy,  so  that  the  blood  is  subjected  to  vibratory  oscillations  ami  friction,  thcit.  instead  of  the 
heart  sounds,  other  sounds — murmurs  or  hruils — arise  or  accompany  these.  A  combination  of  these 
sounds  is  always  accompanied  by  disturbances  of  the  circulation.  [These  murmurs  may  be  prod  uccd 
within  the  bean  when  incy  are  termed  endocardial,  or  outside  It  when  they  are  called  exocardiol 
munnur*.  Hut  other  murmurs  are  due  to  changes  in  the  quality  or  amount  of  the  blood,  when  they 
arc  spoken  of  as  hzmtc  murmurs.  In  the  study  of  all  murmurs,  note  their  rhythm  or  exaa  relaiiuu 
to  ihe  iiurmal  munds.  their  point  0/  mojimum  infmsily  and  the  dtrtcthn  in  it'hich  tki  murmur  is 
prtf/tt^ti/fd-l  It  is  rare  thai  tumors  or  other  deposits  prujcctine  into  the  veniriclcs  cause  murmur^, 
unless  there  be  present  at  the  seine  tirne  Ic^iuus  of  the  valves  and  disturbances  of  the  circulation. 
Tlie  cardiac  murmurs  or  bruits  arc  always  related  to  the  sjrsiole  or  diastole,  and  usually  the  systolic 
ve  iDorc  accentuated  and  louder.  Sometimes  they  arc  so  loud  that  the  thorax  trembles  under  their 
irregular  oscillalions  {fremitus,  fr^missemcnt  catalrc). 

In  cases  where  diastolic  murmurs  are  heard  (here  ore  alwavi  anatomical  changes  in  the  cardiac 
tnechanism.  These  are  insufficiency  of  the  ailerial  valves,  or  stenosis  of  the  auriculo-ventricular 
orifices  (usually  the  left|.  Svitottc  murmurs  do  not  always  necessitate  a  disturbance  in  the  cardiac 
m^chani^m.  They  may  occur  on  the  left  side,  owing  to  insufficiency  of  the  mitral  valve,  stenosis  of 
the  aorta,  and  in  calcification  and  dilatation  of  the  ascending;  jmrt  of  the  aoita.  The<e  munnurs 
occur  very  much  less  frequeiitly  on  the  right  side,  and  arc  due  to  insnlficicncy  of  the  tricuspid  and 
senosis  of  the  pulmonary  ori6cc. 
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Functional  Murmurs. — Systolic  murmurs  ofen  occnr  without  any  valvular  Inion.  although 
they  are  always  less  loud,  and  arc  caused  by  afanormal  vibralionK  of  the  valves  or  arterial  walls. 
They  occur  most  frequently  at  the  orifice  of  the  pulmonary  artery  [and  are  generally  heard  at  ihe 
base],  les*  frei|uemly  at  the  mitral,  and  still  ]e«  frequently  at  the  aortic  or  the  tricuspid  orifice, 
Amvmia,  general  malnutrition,  acuie  febrile  affections,  are  the  causes  of  these  murmurs.  [Some  of 
these  are  due  to  an  altcicd  conilition  of  the  blood,  and  are  called  hamUt  and  others  to  aefedive 
cardiac  muRcular  nairition  and  are  called  dvnamif  (  WatskfW, 

Sounds  may  also  occur  durini;;  a  certain  stage  of  in^atnmntion  of  the  pericardium  (pericarditis) 
from  the  roughened  surfaces  of  this  membrane  nibbing  upon  each  other.  Audible  friction  sounds 
are  thus  produced,  and' the  vibration  may  even  be  perceptible  to  touch.  [These  arc  **  friction 
sounds, "  and  quite  distlna  from  sounds  produceU  within  the  heart  itsdf.] 


55.  DURATION  OF  THE  MOVEMENTS  OF  THE  HEART.— 
That  the  heart  conlinues  to  beat  for  some  time  after  it  is  cut  out  of  the  body,  was 
known  to  Cleanthes,  a  contemporarv  of  Herophilus,  300  B.C.  The  movement 
lasts  longer  in  cold-blooded  animals  (frog,  turtle,  fish) — extending  even  to  days — 
than  in  mammals.  A  rabbit's  heart  beats  from  3  minutes  up  to  36  minutes  after 
it  is  cut  out  of  the  body.  The  average  of  many  experiments  is  about  11  minutes. 
Panum  found  the  last  trace  of  contraction  to  occur  in  the  right  auricle  (rabbit) 
15  hours  after  death;  in  a  mouse's  heart,  46  hours;  in  a  dog's,  96  hours.  An 
excised  frog's  heart  beats,  at  the  longest,  2%  days  (  Valentin).  In  a  human 
embryo  (third  month)  the  heart  was  found  beating  after  4  hours.  In  this  con- 
dition stimulation  causes  an  increase  and  acceleration  of  the  action.  Afterward, 
the  ventricular  contraction  first  becomes  weaker,  and  soon  each  auricular  con- 
traction is  not  followed  by  a  ventricular  contraction,  two  or  more  of  the  former 
being  succeeded  by  only  one  of  the  latter.  At  the  same  time  the  ventricles 
contract  more  slowly  (Fig.  39),  and  soon  stop  altogether^  while  the  auricles  still 
continue  to  beat.  If  the  ventricles  be  stimulated  directly,  as  by  pricking  them 
with  a  pin,  they  may  execute  a  contraction.  The  left  auricle  soon  ceases  to  beat, 
while  the  right  auricle  still  continties  to  contract.  The  right  auricular  appendix 
continues  lo  beat  longest,  as  was  observed  by  Galen  and  Cardanus  ( 1550).  The 
term  **  iillimurn  moricns  "  is  applied  to  it.  Similar  observations  have  been  made 
upon  the  hearts  of  persons  who  have  been  executed. 

If  the  heart  has  ceased  to  bt-at,  it  may  l)e  excited  to  contract  for  a  short  time 
by  direct  stimulation  {Han^ry)^  more  es|jecially  by  heat;  even  under  these  cir- 
cumstances the  auricles  and  their  appendices  are  the  txst  |)arts  to  cease  contracting. 
As  a  general  rule,  direct  stimulation,  although  it  may  cause  the  heart  to  act  more 
vigorously  for  a  short  time,  brings  it  to  rest  sooner.  In  such  cases,  therefore,  the 
regtilar  sequence  of  events  ceases,  and  there  is  usually  a  twitching  movement  of 
the  muscular  fibres  of  the  heart.  C  Ludwig  found  that,  even  after  the  excitability 
is  extinguished  in  the  mammalian  heart,  it  may  be  restored  by  injecting  arterial 
blood  into  the  coronary  arteries :  lesion  of  these  vessels  is  followed  by  enfeebled 
action  of  the  heart  (§  47).  Hammer  found  that  in  a  roan  whose  left  coronary 
artery  was  plugged,  the  pulse  fell  from  80  to  S  l>eals  per  minute. 

Action  of  Gases  on  the  Heart. — During  its  activit)*  the  heart  uses  O,  and  produces  CO,  fo 
that  it  beats  longest  in  pure  O  (12  hours)  (Casteli),  and  not  so  long  in  N, — 11  (I  hourj— CO,  (10 
minutes).  —  CO  (4a  minutes) — CI  (2  minutes),  or  ia  a  vacuum  (20  to  30  minutes)  {BayU,  i&jo: 
Fontana,  Tifdemann,  tS^y),  even  when  there  ts  watery  vapor  present  to  prevent  evaporation.  If 
the  heart  be  reintr<>duccd  into  O  it  (»ej;ins  to  beat  again.  [A  frog's  heart  ceases  to  beat  in  compressed 
O  (10-12  aimospherci)  in  aliout  one-third  of  the  time  it  would  do  were  it  simply  excised  and  left  to 
itself  (A'.  B.  LekmaHH).  An  excised  heirt  suspended  in  ordinary  air  Vicals  three  to  four  tiine!>  as 
long  a«  a  heart  which  is  placed  upon  a  gl.iss  plate.]  A  heart  which  has  ceased  to  contract  fponta- 
neuusly  may  contract  when  an  electrical  stimulus  is  applied  to  it.  but  it  does  not  do  so  for  a  luager 
lime  than  ottier  muscles  {B$tJge). 

[56.  PHYSICAL  EXAMINATION  OF  THE  HEART.]— fPhe 
physical  methods  of  diagnosis  enable  us  to  obtain  precise  knowledge  regarding  the 
actual  state  of  the  heart.     The  methods  available  are  : — 
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1.  Inspection.  I  3.  Percussion. 

2.  Palpation.  |  4.  Auscultation. 
To  arrive  at  a  correct  diagnosis  all  the  methods  must  be  employed.] 

[Inapection.^'Phe  person  U  sup(v>Md  to  have  his  chest  exjxi^tfd  ami  lo  be  in  ihe  recumlieni  jiosi- 
ituo.  It  ift  itutKirlant  to  icmcmbci  the  limits  of  the  heart.  The  base  corrc^pandii  to  a  line  juiiiing 
ihe  M\t\^M  vruxr^ins  of  the  third  co*ital  cartilages,  the  apex  to  ihc  fifth  intenuacc,  while  iranaversely  it 
extends  from  a  little  to  the  right  of  the  .sternum  to  within  a  little  of  the  left  nipple;  this  area  occu- 
pied Ly  the  heart  ticiug  called  the  deep  cardiac  region.  Hy  the  eye  we  can  detect  any  alteration 
in  the  configuraiiun  uf  the  pr<ecordia,  LjuIkluj;  ur  retractiun  of  the  region  as  a  whole  or  of  the  tiiier- 
co5tal  kpacei,  and  we  may  detect  variations  in  the  position,  character,  extent  of  the  cardiac  impulse, 
ur  the  presence  of  other  visible  pulsaliou^.] 

[Palpation. —  Ry  placing  the  whole  hand  Bat  U|m:)ii  the  pntcnnlin,  we  can  ascerlniii  the  presence 
or  aiisence,  the  »iiUdiion  and  extent,  and  any  alleratiuns  in  the  charadern  of  the  apex  beat ;  or  we 
oiay  detect  the  eKidence  of  abnormal  pulsaiiuns,  viUratiuns,  thrills,  or  fricilon  in  this  region.  In 
feeling  for  the  apex  beat,  if  it  be  at  all  feeble,  it  is  well  lo  make  the  patient  lean  forward.  Of 
coufic,  it  muit  be  remembered  that  Ihe  whole  heart  may  Lh;  displaced  by  tumors  or  accumulations  of 
fluids  pressing  upon  it,  i.  r,  coiidition5  external  to  itself,  or  the  apex  beat  may  be  disrplaccd  fiooi 
caa«c«  within  the  heart  itself,  as  in  hypertrophy  of  the  left  ventricle. J 

[Percussion. — As  the  heart  i»  a  solid  ur^an,  atid  is  surrounded  by  the  lungs,  which  contain  air, 
it  15  evident  that  the  &uund  emitted  by  striking  the  che.Ht  over  the  regiun  of  the  former  nx\Xi\  be  dif- 
ferent from  that  producetl  over  the  laitcr.  Not  only  is  there  a  ditfcrence  in  the  sound  or  note  emitted, 
but  |fac"keTuatiun  of  resistance"  which  one  leels  ou  percussing  the  two  organs  is  diflercnt.  We  may 
uceruin — 

1.  The  superficial  or  absolute  cardiac  dullness. 

2.  The  deep  or  relative  dulhiess.] 

[Superficial  Cardiac  Dullness, — This,  tiKureiically,  is  the  part  of  the  heart  in  direct  contact 
with  Ihe  chest  wall  and  uncovered  by  tuiig.but  obviouiily  as  the  lungs  vary  in  size  during  respiration, 
it  most  be  smaller  during  inspiration  and  larger  during  expiration.  It  forms  a  roughly  triangular 
space,  whose  base  cannot  be  accurately  determined,  as  the  hean  dullness  merges  into  that  oi  the 
Itvcr,  situate  tielow  it,  but  it  corresponds  to  a  horizontal  line  2^  inches  long,  extending  from  the 
a[jcx  beat  to  the  middle  of  the  sleiVlum.  The  intenial  side  conc»ponding  to  the  left  edge  of  the 
siemum  is  2  inches  long,  anrl  reaches  from  the  junction  of  the  fourth  costal  caiiilage  with  the  ster- 
num— af>ex  of  the  triangle — tu  the  sternal  end  of  the  base  line.  '1  he  suiicrior,  outer,  or  oblt([ue  line, 
J  inches  in  length,  is  somewhat  curved,  and  posses  downward  and  outward  from  the  apex  of  the 
irioAgle  to  the  apex  of  the  heart.] 

[Deep  Cardiac  Dullness. — Hy  thi.H  method  theoretically  we  seek  to  define  the  exact  limits  of 
the  heart  as  a  whole,  and  liius  to  ascertain  its  absolute  size,  and  ol  course,  percussion  has  to  l>e  done 
through  a  certain  thickness  of  lung  tissue,  and  hence  one  must  strike  Ihe  plexiroeter  forcibly.  It 
cxlcDda  vcrlicatly  from  the  tiiird  rib  and  eiidit  at  the  sixth,  but  owing  lo  the  cardiac  merging  in  the 
hepatic  dullness,  this  lower  limit  cannot  be  accurately  ascertained  ;  while  franiVfnely  ut  the  fourth 
nb  it  extends  from  just  within  the  nipple  line  to  slightly  lieyond  the  right  of  the  sternum.] 

[By  these  means  we  may  detect  iDcrease  in  die  site  of  the  heart  or  alterations  in  the  relation  of  the 
luTigs  tn  the  heart,  tluid  in  pericardium,  etc.] 

[  Auscultation. ^'lliis  u  one  of  the  most  valuable  methods,  for  by  it  we  csn  detect  variations  and 
modiricaiionx  in  the  healthy  sounds  of  the  heart,  the  rhythm  and  lrei|uency  of  the  heart  treat,  the 
eiistence  of  abnormal  sounds,  and  Uieir  exact  relation  to  the  normal  sounds,  also  their  characters 
ftnd  relation  to  the  cardiac  cycle,  .ind  the  direction  in  which  these  sounds  are  propagated  {\  %^)>\ 

57    INNERVATION  OF   THE   HEART,  CARDIAC  NERVES. 

— [Intra-  and  Extra-Cardiac  Nervous  Mechanism. — When  the  heart  is 
removed  from  the  body,  or  when  all  the  nerves  which  pass  to  it  are  divided,  it 
still  beats  for  some  time,  so  that  its  movements  must  depend  upon  some  mechan- 
ism situated  within  itself.  The  ordinary  rhythmical  movements  of  the  heart  are 
undoubtedly  assodatfd  with  the  presence  of  nerve  ganglia,  which  exist  in  the 
substance  of  the  heart — the  intra-^arMac  gang/ia.  Bat  the  movements  of  the  heart 
are  influenced  by  nervous  impulses  which  reach  it  from  without,  so  that  there  falls 
to  be  studied  an  intra- earMac  and  an  extra-cardiac  nervous  mechanism.] 

The  cardiac  plexus  is  composed  of  the  following  nerves:  (i)  The  cardiac 
branches  of  the  vagus,  the  branch  of  the  same  name  from  the  external  branch  of 
the  superior  lar)ngeal,  a  branch  from  the  inferior  laryngeal,  and  sometimes 
branches  from  the  pulmonary  plexus  of  the  vagus  (more  numerous  on  the  right 
ride) ;  (2)  the  superior,  middle,  inferior,  and  lowest  cardiac  branches  of  the  three 
cervical  ganglia  and  the  first  thoracic  ganglia  of  the  sympathetic;  (3)  the  incon- 
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slant  twig  of  the  descending  branch  of  the  hypoglossal  nerve,  which,  according  to 
Luschka,  arises  from  the  upper  cervical  ganglia.  From  the  plexus  there  proceed 
— the  deep  and  the  superficial  nerves  (the  latter  usually  at  the  division  of  the  pul- 
monary artery  under  the  arch  of  the  aorta,  and  containing  a  ganglion)  (§  370). 
The  following  nerves  may  be  separately  traced  from  the  plexus : — 

{a)  The  plexus  coronarius  dexter  and  sinister  {Scarpa),  which  contains 
the  vasomotor  nemes  for  these  vessels  (physiological  proof  still  wanting)  as  well  as 
the  nerves  (sensory?)  proceeding  from  them  (to  the  pericardium?). 

id)  Xntra-Cardiac  Nerves  and  Ganglia. — The  nerves  lying  in  ihc  x^otntes 
of  ihe  heart  and  in  its  substance^  containing  numerous  ganglia  {Jiemak)^  which  are 
regarded  as  the  automatic  motor  centres  of  the  heart.  A  nervous  ring  containing 
numerous  ganglia  corresponds  to  the  margin  of  the  septum  atrioruin ;  there  is 
another  in  the  auriculo-ventricular  groove.  Where  the  two  meet,  they  exchange 
fibres.  The  ganglia  usually  lie  near  the  pericardium.  In  mammals  the  two 
largest  ganglia  lie  near  the  orifice  of  the  superior  vena  cava — in  hrJi  the  larg( 
ganglion  (containing  thousands  of  ganglionic  cells)  lies  posteriorly  where  the  longi- 
tudinal and  transverse  sulci  cross  each  other.  Fine  branches,  also  provided  wUh 
smalt  ganglia,  proceed  from  these  ganglia,  and  penetrate  the  muscular  walls  of  the 
auricles  and  ventricles. 

Fig.  45.  Fig.  46. 
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FFrog't  Heart. — The  frog's  heart  condats  of  the  sinus  venosujt  into  which  open  the  single 
inferior  and  the  two  superior  vcn;t  coyx  [  Mg.  46).  There  arc  two  auriflrs;  the  light  one  commu- 
nicates with  the  iiinus  vcnosus,  and  o|x>ns  into  the  single  vcnlricle ;  the  left  auricle  also  opens  intn  the 
single  vtniric It  (Fig.  45,  fK  and  in  the  laucr  are  mixed  the  venous  blood  returned  by  the  right 
auricle  and  the  arterial  l)lood  from  the  left  auricle.  The  aorta  with  its  6ulbus  arteriosus  condiicu 
Ihe  blood  from  the  ventricle  (Kig*.  46,  49^).  The  various  orifices  are  guarded  by  projections  of 
tia«uc,  which  act  like  valves.  The  twQ  auricles  are  completely  stparated  by  a  septum.  This  septum 
ends  posteriorly  in  a  free  concave  margin  (Fig.  49),  so  as  to  divide  ihe  auriculo-ventricular  orifice 
into  a  right  and  a  left  orilice.     Each  oriHce  iK  guarded  by  two  thick,  Hrshy  valves,  which  close  it.} 

[Nerves. — The  two  cardiac  branches  of  the  vagi — the  nervi  cardiaci — prtwced  to  the  poste- 
rior surface  of  the  »nus  vcnosu^,  and  where  the  latter  joins  the  auricle  they  interlace,  and  are  miied 
with  a  number  of  ganglion  cells  (Figs.  47,  49>7).  This  spot  is  called  Remak'a  ganglion,  is  sotnc-1 
times  single,  at  others  double,  and  it  can  be  seen  as  a  white  "crescent  "  when  the  heart  is  lifted  up 
and  looked  at  from  behind  (Fig.  46).  The  cardiac  nerves  proceed  downward  on  the  auricular 
septum,  exchangiii;;  tibres  in  ihcir  course  to  join  two  ganglia  at  the  auricuto-vcntricular  groove, 
and  known  as  Bidder's  Gaoglia  (Figs.  47,  49<j.  It  has  l>cen  stated  by  one  observer  that  the 
bulbua  arleriostu  contains  ganglionic  cells,  but  iliis  is  denied  by  others.] 

According  to  Openchowsky,  every  part  of  the  heart  (frog,  triion,  tortoise)  contains  nerve  fibres 
which  are  connected  with  every  muscular  fibre.  lo  the  auricles,  at  the  end  of  Ihe  non-mcdullatod\ 
fibre,  a  tri-radiate  nucleus  exists  which  gives  off  tibrils  to  the  muscular  bundles. 

There  is  a  network  of  fine  nerve  ttbres  distributed  immcdialcly  under  the  endocardium :  these 
fibres  act  partly  in  a  eentripdal  direction  on  the  cardiac  ganglia,  and  are  partly  wrfcr  for  the  endO' 
cardial  muscles.     The  parietal  layer  of  the  pericartliiim  contains  ^sensory]  nerve  fibres-     Tbe  ibl* 
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Ifming  VintU  of  nerve  cells  are  (ouBA—uMi/w/ar  ctlh,  the  single  processes  of  which  aQerwArd  divide ; 
bipolar  pyriform  celh  (tie.  48),  which  in  the  frog  possess  a  straight  (n  1  and  usually,  also,  a  spiral 
process  (<'). 

58.  THE  AUTOMATIC  MOTOR  CENTRES  OF  THE  HEART. 
— (1)  We  must  assume  that  ihc  ticrvous  cenires  which  excite  the  cardiac  move- 
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roents,  and  maintain  the  rhythm  of  these  movements,  lie  within  the  heart,  and 
thai  they  are,  probably,  represented  by  the  ganglia. 

(2)  There  are — not  one,  but  several  of  these  centres  in  the  heart,  which  are 
connected  with  each  other  by  conducting  paths.  As  long  as  the  heart  is  intact, 
all  its  parts  are  made  to  move  in  rhythmical  sequence  from  a  principal  central 
point,  an  impulse  being  conducted  from  this  centre  through  the  conducting  paths 

Fio.  49  Fig.  49a. 
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{Domieri).  What  the  "discharging  forces  "  of  these  regular  progressive  move- 
ments are  is  unknown.  If,  however,  the  heart  be  subjected  to  the  action  of  diffuse 
stimuli  (^,^.,  strong  electrical  currents),  all  the  centres  are  thrown  into  action, 
and  a  spasm-like  action  of  the  heart  occurs.  The  dmunating  untrr  iies  in  the 
OHricUs,  hence  the  regular  progressive  movement  usually  starts  from  them.     If  the 
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excitability  is  diminished  (^■^.»  by  touching  the  septum  with  opium — Luffivig^ 
I/offa),  other  centres  seem  to  undertake  this  function,  in  which  case  the  move- 
ment may  extend  from  the  ventrit:Ies  to  the  auricles.  If  a  heart  be  cut  into 
pieces,  so  that  the  individual  pieces  still  remain  connected  with  each  other,  the 
regular  peristaltic  or  wave-like  movements  proceeding  from  the  auricles  to  the 
ventricle  may  continue  for  a  long  time  {Domiers^  Engelmann^.  If  the  heart, 
however,  be  completely  divided  into  two  distinct  pieces  (auricle  and  ventricle), 
the  movements  of  both  parts  continue,  but  not  in  the  same  sequence — they  l>eat 
at  different  rates.  According  to  Kronecker  and  Schmey,  in  the  doif  s  heart  there 
is  a  spot  above  the  lower  limit  of  the  upper  third  of  the  ventricular  septum  which, 
when  it  is  injured,  brings  the  heart  to  a  standstill;  this  has  been  called  a  coordi- 
nating centre. 

(3)  All  stimuli  of  moderate  strength  applied  directly  to  the  heart  cause  at  first 
an  m crease  of  the  rhythmical  heart  beats;  stronger  stimuli  cause  a  diminution, 
and  it  may  be  paralysis,  which  is  often  preceded  by  a  convulsive  movement. 
Increased  activity  exhausts  the  energy  of  the  heart  sooner. 

(4)  The  auricular  centres  seem  to  be  more  excitable  than  those  of  the  ventricle  ; 
hence,  in  a  heart  left  to  itself  the  auricles  pulsate  longest. 

(5)  The  heart  may  be  excited  (reflexly)  from  its  inner  surface.  Weak  stimuli 
applied  to  the  inner  surface  of  the  heart  greatly  accelerate  the  heart's  action,  the 
stimulus  required  being  much  feebler  than  that  applied  to  the  external  surface  of 
the  heart.  Strong  stimuli,  which  bring  the  heart  to  rest,  also  act  more  easily 
when  applied  to  the  inner  surface  than  when  they  are  applied  to  its  outer  surface 
{Ifenry,  i8j2).     The  ventricle  is  ahva)-s  the  part  first  to  be  paralyzed. 

(6)  In  order  that  the  heart  may  continue  to  contract,  it  is  necessary  that  it  be 
supplied  with  a  fluid  which,  in  addition  to  O  [^Liuiwig^  Volkmanny  Golts)^  must 
contain  the  necessary  nutritive  materials.  The  most  perfect  fluid,  of  course,  is 
blood.  Hence,  the  heart,  after  a  time,  ceases  to  beat  in  an  indifferent  fluid  (0.6 
per  cent,  sodium  chloride;,  but  its  activity  may  be  revived  by  supplying  it  with  a 
proper  nutritive  fluid. 

Cardiac  Nutritive  Fluids. — These  nutritive  fluids  arc  such  as  contain  scium  albumin,  tg.^  blood, 
teruro  or  lymph.  Serum  retains  its  nutritive  {xopcitiea  even  after  it  has  been  subjtcted  to  ditfusion 
[Afartius  ana  Kronecker).  Milk  and  whey  (i'.  t>//),  normal  saline  solution  (0.6  per  cent.  NaCl) 
mixed  with  blood,  albumin  or  peptone  and  0.3  per  cent,  sodium  cartwnate  \  Kronecker^  Mtrun^- 
wtrt  ami StUnon)  a  trace  of  caustic  soda  {Gitute),  ur  a  solution  of  the  satt^  01  serum,  are  $uitftt>le. 
Alkaline  soluiton  of  soda  revives  a  feebly  beating  heart  by  neutralizing  ihe  acid  formed  in  the 
cardiac  muKle  {S.  Rin^ir). 

(7)  The  independent  pulsations  of  parts  of  the  heart  which  are  devoid  of  ganglia 
show  that  the  presence  of  ganglia  is  not  absolutely  necessary  in  order  to  have 
rhythmical  pulsation.  Direct  stimulation  of  the  heart  may  cause  these  movements. 
But  the  ganglia  are  more  excitable  than  the  heart  muscle  itself,  and  they  conduct 
the  impulses  which  lead  to  the  regular  alternating  action  of  the  various  parts  of 
the  heart,  so  that  under  normal  circumstances  we  must  assume  that  the  action  of 
the  heart  is  governed  by  the  ganglia. 

The  chief  experiments  upon  which  the  above  statements  are  based  consist  of 
two  classes:    (i)  Where  the  heart  is  incised  or  divided;  and  (2)  where  it  is 

STIMULATED    DIRECTLY. 

(I)  Experiments  by  cutting  and  UgatuiHng  the  heart.  These  experiments 
have  been  made  chiefly  upon  the  heart  of  the  frog. 

The  Ligature  experiments  are  inrrformed  by  tightening  and  then  relaxing 
ligature  ])laccd  around  the  heart,  so  that  the  physiological  connection  is  destroyed^l 
while  the  anatomical  or  mechanical  connections  (continuity  of  the  cardiac  wall, 
intact  condition  of  its  cavities)  still  exist.     The  most  important  of  these  experi- 
ments are^ 

(i)  Stannius's  Experiment. — If  the  sinus  venosus  of  a  frog's  heart  be 
separated  from  the  auricles,  either  by  an  incision  or  by  a  ligature,  the  auricles  and 


SECTION    OF   THE    HEART. 


97 


se:^ 


1 

Sttinriiu>'ft  eipcrimenl .  Scncnic  after  Jirum* 
tarn.  A,  aoricle,  V,  ventr.,  SV,  kIdus 
vefu»)U.  The  'Ig-xag  linen  indicate 
which  paru  coatliiue  to  beat ;  in  a  the 
venirtcK  beats  at  a  difTtTcnt  nttc. 


ventricle  stand  still  in  diastole,  while  the  veins  and  the  remainder  of  the  sinus 
continue  to  beat  (Fig,  50,  1).  If  a  second  incision  be  made  at  the  auriculo- 
ventricular  groove,  as  a  rule,  the  ventricle  begins  at  once  to  beat  again,  while  the 
auricles  remain  in  the  condition  of  diastolic  rest.  [Thus,  the  sinus  venosus  and 
ventricle  continue  to  beat,  while  the  auricle  stands  still,  but  the  two  former  no 
longer  beat  with  the  same  rhythm  ;  the  ventricle  usually  beats  more  slowly,  as  is 
lown  in  Fig.  50,  2,  by  the  large  zig-zags.]  According  to  the  position  of  the 
:ond  ligature  or  incision,  the  auricles  may  also  b^at  along  with  the  ventricles, 
or  the  auricles  alone  may  beat,  while  the  ventricles  remain  at  rest  (1852). 

Theoretical. — Various  e^cplanalions  of  these  experiments  have  been  given:  (<i)  Remak's  gan- 
glion in  the  sinus  veaosus  is  distinguished  by  lit  great  excitability,  while  UiiMer's  ganglion  in  the 
auricula- vcntricutar  gmnve  is  less  excitable  ;  in  the  normal  condition  of  the  heart  the  motor  imfmlse 
n  carried  from  the  former  to  the  latter.  If  the  sinus  venosus  be  separated  from  the  heart,  Kemak's 
ganglion  has  no  action  on  the  heart.  The  heart  stu|ai,  for  (wo  reason* — first,  l«cause  Hidder's  gan- 
glion alone  has  not  su^cient  energy  to  excite  tt  to  action,  and  because  the  inhibitory  fibres  of  the 
vagu*  going  lu  the  heart  have  been  stimulated  by  l>eing  rimded  at  this  point  [^/Jeidcnkain).  [That 
stimulation  of  the  inhibitory  tibres  of  the  vagus  is  not  the 

caiue  of  the  standstill,  is  proved  by  the  fact  that  the  stand*  Fin.  50. 

still  occun  even  after  the  administration  of  atrupine,  which 
paralyies  the  cardiac  inhibitory  mechanism.]  The  passive 
hcan,  however,  may  be  made  to  contract  by  mechanically 
stimulating  Bidder's  ganglion,  e.g.,  by  a  slight  [irick  with  a 
ueedle  in  the  aurltulo  ventricular  groove  {N.  Munk),  or  by 
tbe  action  of  a  cimstaot  current  of  moderate  strength  ( Erk. 
Aar,i\,  the  ventricular  jnilsation  at  the  same  time  preceding 
the  auricular  {v.  Bez^ld,  B<rmt<iH).  If  the  auriculoven- 
iricular  groove  be  divided,  the  ventricle  pulsates  again, 
because  Bidder's  ganglion  has  been  stimulated  by  the  act  of 
dividing  it:  while,  at  the  same  time,  the  ventricle  is  with. 
<lrawn  from  the  inhibitor)-  influence  of  the  vagus  produced 

by  the  first  division  at  the  sinus  venosus.  If  tlie  line  of  separation  is  50  made  that  Bidder's  gan- 
ghon  remains  ^attached  to  the  auricles,  these  pulsate,  and  the  ventricle  rests;  if  it  t>e  divided  into 
halves,  the  auricles  and  ventricles  pulsate,  each  half  t>eing  excited  by  the  portion  of  the  ganglion  in 
relation  with  it.  {J>)  According  to  another  view,  both  Kemak's  {a)  and  Bidder's  ganglia  {b)  are 
motor  centres,  but  in  the  auricles  there  is  id  addition  an  inhibitory  gangiumie  system  U)  {Betoid, 
TmuAe).  Under  nonnal  circumstances  a  +  6  is  stronger  than  c,  while  c  is  stronger  than  o  or  ^ 
sepaiately.  If  the  sinus  venosus  be  separate*!  it  beats  in  virtue  of  a  ;  on  the  other  hand,  the  heart 
reAs  because  c  is  stronger  than  b.  If  the  section  be  nude  at  the  level  of  the  auriculo  ventricular 
groove,  the  auricles  stand  still,  owing  to  c,  while  the  ventricle  beats,  owing  to  h, 

(2)  If  the  venlriile  of  a  frog's  heart  be  separated  from  the  rest  of  the  heart  by 
means  of  a  licati-'re,  or  by  an  incision  carried  ihrough  it  at  the  level  of  the 
auriculo-ventricular  groove,  the  sinus  and  atria  pulsate  undisturbed  as  before 
{DcscarUs,  1644)^  but  the  ventricle  stands  still  in  diastole.  Local  stimulation  of 
the  ventricle  causes  a  singU  contraction.  If  the  incision  be  so  made  that  th^ 
lower  margin  of  the  auricular  septum  remains  attached  to  the  ventricle,  the  latter 
pulsates  {RosenAfrger,  iS^o).  Even  the  ventricles  of  a  rabbit's  heart,  when 
separated  with  a  part  of  the  auricles  in  connection  with  thetn,  pulsate  (  TigtrsUdf)*. 

[GaakeU'B  Clamp. — Gaskell  uses  a  clamp,  regulated  by  a  millimetre  screw,  to  comprefs  the  heart, 
and  tbtt>  to  obstruct  the  passage  of  impuUcs  from  one  f>art  of  the  heart  (o  the  other,  or  to  "  block  " 
the  way.  the  pulsations  of  the  auricles  and  ventricles  being  separately  registered,  as  described  at  p. 
101.  by  compressing  the  heart  at  the  auricula- ventricular  groove,  the  ratio  of  auricular  ami  ven- 
tricular beal^  aJtere,  and  iusiead  of  being  I  :  1,  there  may  be  3,  3,  or  more  auricular  beats  for  each 

A  II  111  IV  1 
boil  of  the  ventricle,  eKpressed  thus : —  -.  -■  — .  —  I 

V    I     I       1    J 

(3)  Section  of  the  Heart. — Engelmann*s  recent  ex]>eriroents  show  that  if 
the  ventricle  of  a  frog's  heart  be  cut  up  into  two  or  more  strips  in  a  zig-zag  way, 
&o  that  the  individual  parts  still  remain  connected  with  each  other  by  muscular 
tiMue,  the  strips  still  beat  in  a  regularly  progressive^  rhythmical  manner,  provided 
one  strip  is  caused  to  contract.  The  rapidity  of  the  transmission  is  al>out  10  to 
30  mm.  per  sec.  {Engeltnann).     Hence,  it  appears  that  the  conducting  paths  for 
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the  impulse  causing  the  contraction  are  not  nervous,  but  must  be  the  contractile 
mass  itself.  It  has  not  been  proved  that  nerve  fibres  proceed  from  the  ganglia  to 
all  the  muscles. 

[According  lo  Marchand's  experimenTs.  it  takes  a  very  long  time  for  the  excitement  to  pan  frant 
the  auricles  to  the  ventricle — a  much  longer  time,  in  fact,  than  it  would  rerjuire  to  condact  the 
excitement  through  muscle — so  that  ii  is  probable  that  the  propafrnlion  of  the  impulse  from  the 
aun'cleit  to  the  ventricle  is  conducted  by  nervous  channels  to  the  auriculoventricular  nervous  appa- 
ratus. In  fad.  in  the  mammalian  heart  the  muscular  fibres  of  the  auricles  are  quite  distinct  from 
those  of  the  ventricle-] 

(4)  It  is  usually  stated  that  when  the  apex  of  a  frog's  heart  is  severed  from  the 
rest  of  the  heart,  it  no  longer  pulsates  {/lnuitnhain^  Goltz),  but  such  an  apex,  if 
stimulated  mechanically,  responds  with  a  single  contraction. 

Action  of  Fluids  on  the  Heart. — Haller  was  of  opinion  that  the  venous 
blood  was  the  natural  stimulus  which  caused  the  heart  to  contract.  That  this  is 
not  so,  is  proved  at  once  by  the  fact  that  the  heart  beats  rhythmically  when  it 
contains  no  blood. 


Fig.  51. 


Fin.  52. 
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Scheme  of  a  frog  manometer,  a,  i.  Marl* 
otte'N  fUiks  for  the  nulricni  fluidi;  t, 
llpp-cock;  f,  cannula  :  m.  manometer : 
4,  neart ;  </,  glau  cup  for  A .-  t,  ^,  dcc- 
trodei:  <y/,  revolving  cyllndct. 


DouMc'way  or  perfusion  cannula  (nat.  ftite) 
for  a  f'Og'i  ncari  c.  for  fisiiig  an  «Iec- 
irodc  ;  d,  the  heart  w  tied  over  tbe 
flanges,  preventing  it  {mm  >Uppiagoui ; 

t,  SCCtiotl  KlKd. 


Blood  and  other  fluids  which  are  supplied  to  an  excised  heart  are  not  the  cause 
of  its  rhythmical  movemt-nts,  but  only  the  conditions  on  which  these  movements 
depend.  Thus,  a  heart  which  is  too  feeble  to  contract  may  be  made  lo  do  so  by 
supplying  it  with  a  fluid  containing  proteids,  when  a  latent  intra-cardiac  mechan- 
ism is  brought  into  action,  the  albuminous  or  other  fluid  merely  supplying  the 
pabulum  for  the  excitable  elements. 

[Methods. — The  study  of  tlie  action  of  fluids  upon  the  excised  frog's  heort  has  been  rendered 
possible  by  the  invention  of  Ludwig's  '*  frog  manometer."  The  apparatus  has  been  improved 
by  Ludwig's  pupils,  and  already  numerous  imponant  results  have  been  obtained.  Tbe  apparatus 
(Fig.  51)  consists  of  (1)  a  double-way  cannula,  c,  which  is  tied  into  the  heart*  k  :  (2)  a  manometer, 
m,  connected  with  ^,  and  registering  the  movements  of  its  mercur)'  on  a  revolving  cylinder,  tyi ; 
(3)  two  Martotlc's  flasks,  a  and  b,  which  are  connected  with  the  other  limb  of  the  cannula.  Either 
tt  or  *  can  I*  placed  in  communication  with  the  interior  of  the  heart  by  means  of  the  stopcock,  i. 
The  fluid  in  one  graduated  lube  may  be  poisoned.  btkI  the  other  not ;  </  is  a  glass  vessel  for  Huid,  in 
which  the  heart  pulsatc5,  e'  and  e  are  electrodes,  e  is  inicncd  into  the  fluid  in  d,  t'  Is  attached  lo  tbe 
(jerman  silver  cannula  which  is  shovrn  in  Fig.  52.] 

[In  the  tonometer  of  Koy  (Fig.  53)  the  ventricle,  A,  or  the  whole  heart,  is  placed  in  an  air-tight 
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cfaftmbcr,  o^  filled  with  oil,  or  with  oil  and  normal  saline  solution.  Ak  before,  a  "  perfusioD  "  cannulft 
U  lied  iniu  the  heart.  A  ]n<>inn./,  works  up  and  down  in  n  cylinder,  and  h  adjusted  by  means  of  a 
Ihin  Hesible  animal  membrane,  such  as  is  used  by  perfumers.  Attached  to  the  piston  by  means  of  a 
Ihrcsd  ifc  a  wniing  lever,  /,  whicti  records  the  Viihotions  of  pressure  Vithin  the  chamber,  o.  When 
,lhc  ventricle  contract*,  it  becomes  smaller,  diminifih-rs  the  pressure  within  o,  and  hence  the  piston 
■nd  lever  nsc;  conversely,  when  the  bean  dilates,  the  lever  and  piston  descend.  Vanaiions  in  the 
voiame  of  the  ventricle  may  be  registered,  without  in  any  way  intcifcring  with  the  flow  of  Huids 
llirou|[h  it.] 

[Two  prepar^ions  of  the  frog's  heart  have  been  tised — (i)  The  "  hemrt,**  in  which  case  tlic 
cannula  i«  introduced  Into  the  heart  through  the  sinus  vcnosus,  and  a  li}fature  is  tied  over  it  aivund 
ihr  auritlt,  or  it  may  be  the  sinus  venosus.  Thus  the  aunculo- ventricular  ganglia  and  other  nervoujt 
■TUClures  remain  in  the  preparation.  This  was  the  heart  preparation  employed  \ry  Luciani  and 
'ftouhach.  (2)  In  the  "  heart  apex,"  or  apex  preparation,  the  cannula  is  introduced  as  before,  but 
the  ligature  i»  tied  on  it  over  the  vcn'ricle,  several  millimetres  behw  the  nuriculo-ventricuUr  ^oove, 
vj  that  this  preparation  conlain>  none  of  the  auriculo-ventricular  (ran^rlia,  and,  according  lo  the  usual 
siatcmenl.  this  pan  of  the  heart  is  devoid  of  nerve  ganglia.  Thii  is  the  preparati«>n  which  was  used 
by  Huwditch,  Kronecker  and  Stirling.  Mcrunowicz.  and  others.  The  first  effccl  of  the  application 
of  the  h^ature  in  both  cases  is,  that  both  preparations  cease  to  beat,  but  the  '-heart"  usually  resumes 
its  ryhthmical  contractions  within  several  minutes,  while  the  "heart  apex"  does  not  contract  spon- 
taneously until  after  a  much  longer  time  ( to  to  90  mins.}]. 

[If  ihe  "heart  apex  "  be  filled  with  a  0.6  per  cent,  solution  of  common  salt,  the  contractions  are 
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at  first  of  greater  extent,  but  they  afterward  cease,  and  the  preparation  passes  intn  a  condition  of 
** apparent  death;"  while  if  the  action  of  the  fluid  be  prolonged,  the  heart  niay  not  contract  at  all, 
even  when  it  is  stimulated  electrically  or  mechanically.  It  may  he  made,  however,  to  puUate  again, 
if  it  be  tupplicd  with  saline  solution  containing  blood  (I  to  lo  per  cent.).  The  "  Slille"  or  state  of 
quiescence  may  lart  90  mins.  [Kronecker  and  A/erufiPvian).  If  the  ventricle  be  nipped  with  wire 
forcep»  at  the  junction  of  the  up|)er  with  its  middle  third,  so  aA  to  separate  the  lower  two  thirds  of 
the  ventricle  physiologically  but  not  anatomically  from  the  rest  of  the  heart,  then  the  apex  will  cease 
lo  contract,  although  it  is  "itill  supplied  with  the  frog's  own  blood  {/iernstfin,  Bo-uniitch).  The 
physiokigically  isolated  apex  may  be  made  to  beat  by  clamping  the  aortic  branches  su  as  lo  prevent 
blooi]  passing  out  of  the  heait,  and  thus  raising  the  intracardiac  pressure.  The  rote  of  the  beat  of 
the  ap^x  is  independent  of  and  slower  than  that  of  the  re«t  of  the  heart.  This  experiment  proves 
ihAt  the  amount  of  pressure  within  the  apex  cavity  is  an  imi>ortAnt  factor  in  the  causation  nf  the 
>p«)nlBneaus  tieau  of  the  np:x  ( Gaskell).  If  blood  serum,  to  which  a  trace  of  <lelpliintn  is  added, 
be  transfused  or  "perfused  '  through  the  heart,  it  b^ns  to  beat  within  a  minute,  continues  to  beat 
iuraeveral  secoiuls,  and  then  stonds  still  in  diastole  {Bo^wiifck).  Quinine  [ScAtschtpty/jrw)  and  a 
!'aiix(are  of  atropine  and  muscarin  have  a  similar  action  {v.  Bmck).  These  experimeniu  show  thai, 
\prmniied  no  tierpoux  appiiratu-x  existt  ivithin  the  heart  atex,  the  cause  of  the  varj-ing  contraction  is 
ta  be  sought  for  in  the  musculature  of  the  heart  i/Cronecier),  and  that  the  stimulus  necessary  for  the 
•ymole  ollhc  heart's  apex  may  arise  within  itself  {.-iut'err).  If  there  is  no  nervous  apparatus  of  any 
Virtd  prrsent,  then  we  must  a.-^'tume  that  the  hean  muscle  may  execute  rlnihmical  movements  inde- 
pendently of  the  presence  o£any  nervous  mcchonisin,  although  it  is  usually  assumed  that  the  ganglia 
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excite  the  heart  muscle  to  pul&ate  rhythmically.     It  U  by  no  means  definiuly  pr&i'fd  that  the 
apex  w  devoid  of  all  ncrvoua  «ructurc*.  which  may  act  as  originators  of  llic*c  rhythmical  inipul^»-} 

[Action  of  Drugs. — If  the  heart  apex  contains  no  nervous  •ttiuctures.  it  must  form  a  yooj  object 
for  the  study  of  ihe  action  of*  drugs  on  (he  cardiac  muscle.  Some  of  these  have  been  menti4>neJ 
already.  RinRer  finds  that  a  calcium  salt  makes  the  contractions  hij^her  and  longer.  Dilute  adJi 
added  to  saline  soluiiun,  e.  g.,  lactic,  cause  complete  relaxaiion  of  the  cardiac  aiusculatun:,  while 
Uifute  alkalies  produce  an  opposite  effect  or  tonic  contraction,  even  though  the  apex  ht  not  puUaiing. 
The  action  of  a  dilute  acid  may  be  M:t  aside  by  a  dilute  alkali  and  \>'ue  versS.  Digitalto,  anliarin. 
barium,  and  veralria  act  like  alkalies,  while  saponin,  inuscorin,  and  pjlocarpin  have  the  effect  of 
acids  (3  6$).] 

[The  "  Heart  "  preparation  in  many  respects  behaves  like  the  foregoing;,  r.  r.  it  is  exhausted 
after  a  liroc  by  the  continued  application  of  normal  saline  solution  (o.6  per  cent.  NaCl),  while  its 
activity  may  be  restored  by  Ropplying  it  with  albuminous  and  other  fluids  (p.  98}.] 

[(5)  Luciani  found  that  such  a  heart,  when  filled  with  pure  serum,  produced 
fironps  of  pulsations  with  a  long  diastolic  pause  between  every  two  groups  ( Fig.  54). 
The  successive  beats  in  each  group  assutue  a  '*  staircase  "  character  (p.  102).  These 
periodic  groups  undergo  many  changes;  ihey  occur  when  the  heart  is  filled  with 
pure  serum  free  from  blood  corpuscles,  and  Ihey  disappear  and  give  place  to 
regular  pulsations  when  defibrinated  blood  or  serum  containing  haemoglobin  or 
normal  saline  solution  (^Rossbach)  is  used.  They  also  occur  when  the  blood  within 
the  heart  has  become  dark  colored,  /.  ^.,  when  it  has  been  deprived  of  certain  of 
its  constituents,  and  if  a  trace  of  veratrin  be  added  to  bright  red  blood  they 
occur.] 

(6)   ITie  same  apparatus  permits  of  the  application  of  electrical  stimuli  to  either 


Fig.  54. 


Four  croup*  of  puUalioiu  with  inlerv«iiia^  pnurn.-*,  »&  ubuined  by  I^uniAiii,  with  Iheir 
|H>inu  on  tnc  Atukcava  wcie  ntarketi  every  10  fecund*. 


uaifcue  "  duuscier.    The 


of  the  above-named  preparations.  An  apex  preparation,  when  stimulated  with 
even  a  weak  induction  shock,  always  gives  its  maximal  contraction,  and  when  a 
tetanizing  current  is  applied  tetanus  does  not  occur  {^Kronecker  and  SHr/ing). 
When  the  0]x;ning  and  closing  shocks  of  a  sufficiently  strong  cons'.ant  current  are 
applied  to  the  heart  ai>ex,  it  contracts  with  each  closing  or  ojicning  shock.  [When 
a  constant  current  is  applied  to  the  lower  iwo-thirds  of  the  ventricle  (heart  apex), 
under  certain  conditions  the  a|>ex  contracts  rkythmica/iy.  This  is  an  important 
fact  in  connection  with  any  theory   of  the  cardiac  beat.] 

(7)  If  the  bulbus  aortEe  (frog)  be  ligatured,  it  still  pulsates,  provided  the 
internal  pressure  be  moderate.  Should  it  cease  to  Iwat,  a  single  stimulus  makes  it 
respond  by  a  series  of  contractions.  Increa.se  of  temperature  to  35"  C,  and 
raising  the  pressure  within  it,  increase  the  number  of  pulsations  {En^rlmann). 

(II)  Direct  Stimulation  of  the  Heart. — .\ll  direct  cardiac  stimuli  act 
more  energetically  on  the  inner  than  on  the  outer  surface  of  the  heart.  If  strong 
stimuli  are  applied  for  too  long  a  time,  the  ventricle  is  the  part  first  paralyzed. 

{a)  Thermal  Stimuli. — [Heat  affects  the   Humler  or  frtifuency  and  the  am/^UtuJe  of  the 

ruisationi,  as  well  u  the  liurotion  of  the  systole  and  dia^iiale  and  the  excitability  of  the  hean.] 
>escsJtes  (1614)  obierved  thai  heal  increases  the  number  of  pulsations  of  an  eel's  heart.  A.  ▼. 
Humboldt  fuuiid  that  when  a  frog's  heart  was  place<l  in  lukewann  water,  the  number  of  beau 
increased  from  13  to  40  per  minute.  As  Ihe  temperature  increases,  the  number  of  beats  is  at  fint 
considerably  increased,  but  afteruard  the  bealii  again  become  fewer,  and  if  Ihe  tem|)crslare  ii 
raised  above  a  certain  Limit  the  hean  stands  still,  the  myosin  of  which  its  fibres  consist  is  coa^latedt 
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1  •*  hemt  rignr  "  occurs.  Even  before  Hut  stage  is  reached, 
however,  the  hton  may  stand  still,  the  muscutar  Bbres  appear- 
io)*  to  remain  contracted.  The  ventricles  usually  cease  to  beat 
before  the  auricles  {Scfiffxke).  The  size  and  extent  of  the  con- 
tnaions  increase  op  to  about  20"  C,  but  above  Iht^  point  they 
diminish  (l"'ig-55).  'I'he  timt  occupied  by  any  single  con- 
Ir&ciion  at  20°  C  is  only  about  ^^  of  the  time  occupied  by  a 
contraction  occurring  at  5°  C. 

A  heart  which  has  l>een  n-armed  ik  capable  of  rcacuii};  pretty 
rapidly  tu  interinittent  s^timuli,  while  a  heart  at  a  low  tempera- 
ture reacts  only  to  stimuli  occurring  at  a  considc ruble  interval. 
If  A  frup  be  kept  in  a  cold  place  its  heart  beats  slowly  and 
.rfoes  little  work,  but  if  the  heart  be  supplied  with  the  extract 
^■of  »  frog  which  bat  been  kept  warm,  ii  is  rendered  more 
etfjable  of  doing  work  {GauU\. 

Cold. — When  the  temperature  of  the  blood  is  diminished, 
the  heart  beat*  slower  {Kielmeytr,  f7QS)-  A  frog's  heart 
pUced  between  two  watch  glasses  and  laid  on  ice,  beats  very 
much  slower  {LuJtoig,  /S61).  The  pulsations  of  a  frrig's 
heart  stop  when  the  heart  is  exposed  to  a  temperature  of  4°  C. 
10  0°  (£*.  Cy<>n).  If  a  frog's  heart  be  taken  out  of  warm  water, 
and  suddenly  placed  upon  ice,  it  beats  more  rapidly,  and  con- 
vencly.  if  it  be  taken  from  ice  and  placed  over  warm  water,  it 
beau  more  slowly  at  first  and  more  rapidly  afterward  (Arist*nu\. 
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Fli. «,  coDtfacUoitt  ot  a  (rog't  heart  at  190  C :  t,  at  34°  C  ;  c,  ai  3°  C 


[Methods. — Tlic  effect  uf  heat  on  a  heart  may  be  studied  by  the  aid  of  the  frog  manometer,  the 
fluid  in  which  the  heart  is  pl-iced  being  raised  to  any  temperature  re<]uire<l.  For  demonstration 
purposes,  the  heart  of  a  pitlied  frog  is  cxciM:d  and  placed  on  a  gla^  slide  under  a  light  lever,  such 
•s  a  straw.  The  slide  is  warmed  by  means  of  a  spirit  lamp.  In  this  way  Uie  frc([uency  and  atnpli- 
tvde  of  the  contractions  are  rcaiiily  made  visible  at  a  distance.] 

[Gukell  lues  the  heart  by  meant  of  a  clamp  placed  round  the  auriculu- ventricular  groove, 
while  levers  are  placed  horizoulatly  above  and  below  the  heart.  These  levers  are  fixed  to  part  of 
the  auricles  and  to  the  apex  by  means  of  threads,  t^ch  pan  of  the  heart  attached  to  a  lever,  as  it 
contracts,  pulls  upon  its  own  lever,  so  that  the  extent  and  duration  of  each  contraction  may  be 
ff^stercd.  This  method  is  applicable  for  studying  the  effea  of  the  vagus  and  other  nerves  upon 
Ihe  heart.] 

{6)  Mechanical  Stimuli. — Pressure  applied  externally  to  the  heart  accelerates  its  action.  In 
the  case  of  Frau  SL-rafin,  v.  Ziemssen  found  that  slight  pressure  on  the  auriculo-ventricular  groove 
caused  a  second  short  contraction  of  IxMh  ventricles  after  the  heart  l>ea}.  Strong  pre.<»ure  cau.<«s  a 
very  incgular  action  of  the  cardiac  muscle.  This  may  readily  be  produced  by  compressing  the 
Ireshly-excised  heart  of  a  dng  between  the  finijers. 

The  Intra-cardiac  pressure  alau  affects  the  heart  beat  (p.  99).  If  the  prexi^ure  within  the  heart 
be  increased,  the  heart  heats  are  gradually  increased;  if  it  be  diminished,  the  number  of  beats 
■litmmshes  1 1.uii-:vig  and  Thiry).  If  the  intra-cardiac  pressure  be  very  greatly  increased,  the  heart's 
action  l>ccome»  very  irregular  and  slower  (f/eidmfitiin),  A  heart  which  has  ccaiied  to  l>eat 
may,  nnder  certain  circumstances,  Lie  caused  to  execute  a  singlt  contraction,  if  it  be  stimulated 
mechanical  ly. 

(<-)  Electrical  Stimuli. — A  constant  electrical  current  of  mtxlerate  strength  increases  the  number 
of  hean  beats,  v.  Ziemssen  found,  in  the  case  of  Frau  Set^fin  {\  47t  3).  that  the  numlwr  of  lieats 
was  doubled  when  a  constant  uninterrutned  strong  current  wa-t  passed  through  the  ventricles,  if 
the  constant  current  lie  very  strong,  or  if  tetantxing  in'Uiction  currents  be  u<tcd,  the  cardiac  muscle 
a«cmac»  a  condition  resembling,  but  n^»t  identical  with,  tetanus  [LuJviigaMd  I/pffo\,AnAtO\  course. 
ihkrtniha  In  a  fall  of  the  blood  prei^sure  {Sigm.  Mayer). 
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\Vhcn  a  single  induction  shock  is  applied  to  the  ventricle  of  a  frog's  heart  during  systole,  it 
has  no  apparetii  effect;  but  if  it  is  applied  during  HiaMole,  ihc  succeeding  contraction  take*  place 
sooner.  The  auricles  behave  in  a  similar  manner.  While  they  arc  contracted,  an  induction  shock 
has  no  effect;  if,  however,  the  stimulus  is  applied  during  diastole,  il  causes  a  contraction,  which  is 
followed  hy  systole  of  the  ventricle  {^HiUehrand).  Even  when  strong  telanizing  induction  shocks 
are  applied  to  the  heart,  they  do  not  produce  Manns  of  the  entire  cardiac  musculature,  or,  as  it  is 
said,  '-the  heart  knows  no  tetanus"  ik'ninnk^r  ttnt/ S/ir/in^).  Small,  white,  local,  wheal  like  ele- 
vations— such  as  occur  when  the  intrxtinal  musculature  is  stimulated^-Appear  between  the  elec- 
trodes. They  may  lost  several  minutes.  A  frog's  heart,  which  yields  weak  and  irregular  contnc- 
tioDS,  may  be  made  to  execute  rc^^uhr  rhythmical  contractions  synchronous  with  the  stimuli,  if 
electrical  stimuli  are  used  {BinuJitd).  In  thi^  cnse  the  weakett  stimuli  (which  are  still  active) 
behave  like  the  stronger  stimuli — even  with  the  weak  stimulus,  the  hcan  always  gives  the  strongest 
C'iniracUon  possible.  Hence,  this  minimal  electrical  stimulus  is  as  efTeciive  as  a  "  maximal'*  stimulus 
( Kroneeker  and  SiirHng). 

Human  Heart. — v.  Ztemssen  found  that  he  could  not  alter  the  heart  beats  of  the  human  heart 
{Frau  Serajxn.  5,47.  3).  even  with  stronq  induaion  currents.  The  ventricular  diastole  seemed  to 
be  less  complete,  and  there  were  irregularities  in  its  contraction.  By  0(cniDg  and  closing,  or  by 
^ever^ing  a  strong  cpnUant  current  applied  to  the  heart,  the  number  of  tteats  was  increased,  and  the 
increase  corresponded  with  the  number  of  electrical  stimuli;  thus,  when  the  electrical  stimuli  were 
120,  140,  iSo,  the  number  of  heart  beats  wa^  the  same,  the  pulse  beforehand  being  80.  When  180 
shocks  per  minute  were  applied,  the  action  of  the  heart  assumed  the  characters  of  the  pulsus 
altcrnatis  ($  70.  4}.  Minimal  stimuli  were  also  found  to  act  like  maximal  stimuli.  The  normal 
pulse  rate  of  80  was  reduced  to  60  and  50,  when  the  number  of  shocks  was  reduced  in  the  same 
ratio.  The  rhythm  became,  at  the  same  time,  somewhat  irregular.  In  these  experiments  a  strong 
current  is  requircd.and  v.  Hasch  found  that  the  same  was  true  for  the  frog's  heart.  Even  in  healthy 
persons,  v.  Ziems  en  ascertained  that  the  aiergy  and  rhythm  of  the  heart  could  be  modified  by 
passing  an  electrical  current  through  the  iminjured  chest  wall,  fin  Kr^u  Serahn's  case,  the  elec* 
Irodes  were  applied  to  the  heart,  separated  frt>m  it  merely  by  the  pericardium.  Zlems^n  found 
that  the  faradic  current  did  not  modify  the  heart's  action  when  the  thorax  was  intact,  but  that  the 
constant  current  did,  if  of  sufficient  strength.  Herbert  and  Dixon  Mann  obtained  negative  results 
with  both  kinds  of  electricity  in  the  normal  thorax.] 

[Method  — The  apparatus  (lig-  52)  is  also  well  adapted  for  studying  the  effect  of  electrical 
cdrrcnis  upon  the  heart.  Bowditch,  Kronccker  and  Stirling,  and  other  observers,  used  the  "  heart 
apex."  as  it  docs  not  contract  spontaneously  for  some  time  after  the  ligature  is  applied.  One  elec- 
trode i^  attached  to  the  cannula,  and  the  other  is  placed  in  the  fluid  in  which  the  heart  is  bathed.] 

[Opening  induction  shocks,  if  of  sunici"nt  strength,  ca.usc  the  heart  to  contract,  while  weak 
stimuli  have  no  effect ;  on  the  other  hand,  mudemte  stimuli,  when  they  do  cause  the  heart  to  con- 
tract, always  cause  a  maximal  contraction,  so  that  a  minimal  stimulus  acts  at  the  same  lime  like  % 
nuxinial  stimulus.  TIic  heart  cither  contracts  or  it  docs  nni  contract,  and  when  it  contrHCls,  the 
result  is  always  a  "maximal"  contraction.  Bowditch  found  that  the  excitability  of  the  heart 
was  increased  by  its  own  movements,  so  thai  after  a  heart  had  once  coniracted.  the  strength 
of  the  Mimulus  required  lo  excite  the  next  contraction  may  be  greatly  diminishL-d.  and  yet  the 
stimulus  be  effectual.  Usually,  the  amplitude  of  the  first  beat  so  produced  is  not  so  great  a« 
the  second  beat,  and  the  second  is  less  than  the  third,  so  that  a  "  ataircase  "  ^"Treppe  ")  of  beats 
of  successively  greater  extent  were  protluccd  ( Fig.  54).  This  >tairc.isc  arrangtmeiil  occurs  even  when 
the  strength  of  the  stimulus  is  kept  conittant,  so  that  the  pntduciion  of  one  contraction  facilitates 
(he  occurrence  of  the  succeeding  one.  A  staircase  arrangement  of  the  pulsations  is  also  seen  in 
l.uciani's  groups  (p.  too).  The  question,  whether  a  stimulus  will  cause  a  contraction,  depends 
upon  what  particular  phase  the  hean  is  in  when  the  shock  is  applied.  Even  comparatively  weak 
slimuli  will  cause  a  heart  to  contract,  provided  the  stimuli  are  applied  at  the  proper  moment  arHl  in 
the  proper  tempo,  /  r.,  lo  say,  they  become  what  arc  called  "  infallible."  If  stimuli  arc  applied  lo 
the  heart  at  intervals  which  are  longer  th.in  the  time  the  heart  takes  to  execute  its  contraction,  they 
are  effectual  or  "  adequate ;"  but  if  they  arc  applied  before  the  ppriod  of  puUation  comes  to  aa 
end,  then  they  are  irtcffcctual  {Kronaktr).  It  is  quite  clear,  therefore,  that  the  relation  of  the 
strL-ngtJi  of  the  stimulus  to  the  extent  of  the  contraction  of  the  cardiac  muscle  is  quite  different  from 
what  occurs  Jn  a  muscle  of  the  skeleton,  where,  within  certain  limits,  the  amplitude  of  the  contrac- 
tion bear»  a  relation  to  the  stimulus,  while  in  the  hean  the  contraction  is  always  miiximat.\ 

((/)  Chemical  Stimuli. — Many  chemical  substances,  when  applied  in  a  dilute  solution  to  the 
inner  suffice  of  the  hean,  increase  the  heart  beats,  while  if  they  are  concentrated  or  allowed  to  act 
too  long,  they  diminish  the  heart  beats  and  paralyze  it.  Bile  (Bud^f),  bile  salts  yj^dhrig)  diminbb 
the  heart  beats  (also  when  they  arc  absorbed  into  the  blo-^l,  as  in  jaundice);  in  very  dilute  solu- 
tions, both  increase  the  heart  beats  {LanJois).  A  similar  result  is  produced  by  acetic,  tartaric,  citric, 
[B^ftrik)  and  phosphoric  acids  [Lfyden),  Chloroform  and  ether,  applied  to  the  inner  surfice, 
rapidly  diminish  the  heart  beats,  and  then  paralyse  it;  bui  very  small  qunolitics  of  ether  (i  per 
cent.)  accelerate  the  heart  beat  of  the  frog  { Kronftitrr  nnJ  AT Grfj(i>r-Iio6eriiaH),  whde  a  solution 
of  1^  lo  3  per  cent,  passed  through  the  heart,  arrests  it  temporarily  or  complclcly.  Dilute  solu- 
tions of  opium,  stryclmia  or  alcohol  applied  to  the  endocardium  increase  the  heart  beats  (C 
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2.m^mff\ ;  if  concentraied,  they  rapidly  arrest  'At  action.     Chloral-hydrate  paralyzes  the  heart  (/*. 
HoiUaHyiiy). 

Action  of  Gases. — When  blood  containing  dilTercnt  guses  was  passed  through  a  frog's  heart, 
[Kluj;  foand  thtit  biood  containing  sulphurous  acid  rapidly  and  comfiletcly  killed  the  heart;  chlorine 
limuloted  the  heart  at  6rst,  and  uliioiately  killed  it;  and  laughing  gai>  rapidly  killed  it  also.  Blood 
mlaining  sulphuretted  hydrogen  paralyzed  the  heart  without  stimalsting  it.  Cartxinic  oxide  also 
FbanUyzcd  it,  but  if  fresh  blood  was  trnnsfused  the  heart  recovered.  [Blood  containing  O  excites  the 
Deart  {Otstt/i\  while  the  presence  of  much  CO,  paralyzes  it,  and  the  presence  of  CO,  is  more 
iDJorioaa  than  the  want  of  O.     U  and  N  have  no  e^ect.} 

Roscboch  found  on  stimulating  (he  ventricle  of  a  frog's  heart  at  a  circumscribed  area,  either 
lechanicallv.  chemicallv,  or  electrically,  during  systole,  thnt  the  part  sn  Mimulntcd  rclaxcf  in  partial 
''dia&trile.  The  immediAte  direct  after  etfect  of  this  stimulation  is,  that  the  muscular  fibres  in  the  port 
irritated  remain  somewhat  shriveled.  Tliis  part  ceases  to  act,  and  has  tost  its  vital  functions.  If 
the  stimulus  is  applied  during  diastole,  the  part  irritated  always  relaxes  sooner,  and  its  diastole  lasts 
longer  than  does  that  of  the  parts  which  were  not  stimulated.  If  weak  stimuli  are  allowed  to  act 
for  a  long  time  upon  any  part  of  the  ventricle  of  a  frog's  heart,  the  part  so  stimulated  always  relaxes 
^■oooer  than  the  non-stimulated  parts,  and  its  diastole  is  also  prolonged. 

Cardiac  Poisons  arc  those  substances  whose  action  is  characterized  by  special  cfTccts  upon  the 
lovemenls  of  the  hcan.  Among  these  axi:  n^utritl iit/tt  of  ptffasH.  [Until  1863  it  was  believed 
that  the^:  sails  were  just  as  slightly  active  on  the  heart  a^  the  soda  salts,  but  Bernard  and  Grandcau 
shnwcti  that  very  small  doses  of  these  salts  produced  death,  the  heart  standing  still  in  diastole.  An 
exased  frog's  heart  ceases  10  beat  after  one-half  to  one  minute,  when  it  is  placed  in  3  2  per  cent, 
wlution  of  po4a&sic  chloride.]  Even  a  very  dilute  solution  of  yellow  prussiate  of  potash  injected 
into  the  hean  of  a  frog  causes  the  ventricle  to  stand  still  in  systole. 

Aseariyas  1691,  Clayton  and  Moulin  showed   the   poisonous  action  of  potassium  sulphate  and 

I.  as  compared  witlt  the  non-poisonous  action  of  sodium  chloride,  which  was  demonstrated  by 

kuften,  in  1679.     Antiar  (Java  arrow  pcuson)  causes  the  ventrictc  to  stand  still  in  sysiolc  and  the 

ides  in  diastole.     Some  hran  poisons,  in  small  doses,  diminish  the  heart's  action,  and   in    large 

not  unfrequently  accelerate  it,  e.  ^.,  digitalis,  morphia,  nicotin.     Others,  when  given  in  small 

acc«'lcratc  its  action,  and  in  large  doses  slow  it — veratria,  aconiiin,  camphor. 

Special  Actions  of  Cardiac  Poisons. — The  compHcaicd  actions  of  various  poisons  upon  the 

have  led  ulvcrvers  to  suppose  that  there  are  various  IntTa-cardiac  mechanisms  on  which  these 

ibstances  may  act.     IJcsides  the  muuular fihrts  of  the  heart  and  its  automatic  gangUa^  some  toxi- 

>loeisi»  assume  that  there  arc  inftibitary  ^angUa  into  which  the  inhibitory  fibres  of  the  ragus  pass. 

"  avitlfratar ganglia,  which  are  connected  with  the  accclcraiing  nerve  fibres  of  the  heart.     Both 

imhihitifry  amj  atceUrator  ganglia  are  CLmmcted  xailh   the  attiomatit  gangiia   by  conducting 

channels. 

Muscarin  stimulates  pcnnanently  the  inhibitory  ganglia,  so  thai  the  heart  stands  stUI  {SchmieJf- 
an  J  A'.'//*-).  As  Airopin  and  d.iiurin  paralyie  these  ganglia,  the  stand-still  of  the  heart  brought 
by  muscarin  may  be  set  aside  by  atropin.     [  If  a  frog's  heart  be  excised  and  placed  in  a  watch 
and  a  few  drops  of  a  very  dilute  solution  of  muscarin  be  placed  on  it  with  a  pipette,  it  ceases 
beat  within  a  few  minutes,  and  wdl  not  beat  again.      If,  however,  the  muscarin  be  removed,  and 
solution  of  atropine  applied  to  the  heart,  it  will  resume  its  contractions  after  a  shon  time.]    Physos- 
lin  [Calabar  bean]  excites  the  energy  of  the  cardiac   muscle  to  such  an  extent,  that  stimulation 
the    vagus  no  loiki;;er  causes  the  heart  to  stand   still.     lodine-aldehyd,  chloroform,  and  chloral- 
rate  paralyze  the  automatic  ganglia.     The  heart  stands  still,  and  tt  cannot  be  made  to  contract 
m  tiy  atropine.     The  cardiac  niu'<clc  itself  remains  excitable  after  the  action  of  muscarin  and 
tine-aldehyd,  so  that  if  it  be  stimulated  it  contracts.     [According  to  Oaskell,  antiarin  and  digitalin 
solutions  produce  an  alteration  in  the  condition  of  the  muscular  tissue  of  the  apex  of  the  heart  of 
the  same  nature  as  thai  profluced  by  the  action  of  a  very  dilute  alkali  solution,  while  the  action  of  a 
.Wood  solution  containing  muscarin  c!osely  resembles  that  of  a  dilute  acid  solution  (p.  too,  {  65}-] 

[Nature  of  a  Cardiac  Contraction. — The  question  as  to  whether  this  is  a 
simple  contraction  or  a  compound  tetanic  contraction  has  been  much  discussed. 
This  much  is  certain,  that  the  systolic  contraction  of  the  heart  is  of  very  much 
longer  duration  (8  to  10  times)  than  the  contraction  of  a  skeletal  muscle  produced 
^bjr  stimulation  of  its  motor  nerve.  When  the  sciatic  nerve  of  a  nerve  muscle 
tration  ('*  rheoscopic  limb  ")  is  adjusted   upon  a  contracting  heart,  a  j/'m//^ 

:ondary  twitch  of  the  limb,  and  not  a  tetanic  spasm,  is  produced  when  the 
leart  (auricle  or  ventricle)  contracts.     This  of  itself  is  not  suftioient  proof  that  the 

stole  is  a  simple  spasm,  for  tetanus  of  a  muscle  does  not  in  all  cases  give  rise  to 

:ondary  tetanus  in  the  leg  of  a  rheoscoptc  limb.  Thus,  a  simple  "initial  "  con- 
traction  occurs  when  the  nene  is  applied  to  a  muscle  tecanized  by  the  action  of 
strychnia,  and  the  contracted  diaphgram  gives  a  similar  result.  The  question 
whether  the  heart  can  be  tetanized,  has  been  answered  in  the  negative,  and  as  yet 
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it  has  not  been  shown  that  the  heart  can  be  tetanized  in  the  same  way  that  a  skel- 
etal muscle  is  tetanized.] 

The  peripheral  or  extra-cardiac  nerves  will  be  discussed  in  connection  vith 
the  Nervous  System  (§  369  and  370). 

59,  THE  CARDIO  PNEUMATIC  MOVEMENT.— As  the  heart 
within  the  thorax  occupies  a  smaller  space  during  the  systole  than  during  the  dias* 
lole,  it  follows  that  when  the  glottis  is  open,  air  must  be  drawn  into  the  chest  when 
the  heart  contracts ;  whenever  the  heart  relaxes.  /.  e.,  during  diastole*  air  must  be 
expelled  through  the  open  glottis.  But  we  must  also  take  into  account  the  degree 
to  which  the  larger  intrathoracic  vessels  are  filled  with  blood.  These  movements 
of  the  air  within  the  lungs,  although  slight,  seem  to  be  of  importance  in  hybcrnal- 
ing  animals.  In  animals  in  this  condition,  the  agitation  of  the  gases  in  the  lungs 
favors  the  exchange  of  CO,  and  O  in  the  lungs,  and  this  slow  current  of  air  is 
sufficient  to  aerate  the  blood  passing  through  the  lungs.  [Ceradini  called  the 
diminution  of  the  volume  of  the  entire  heart  which  occurs  during  systole  mcio- 
cardia,  and  the  subsequent  increase  of  volume  when  the  heart  is  distended  to  its 
maximum,  auxocardia.] 

Fig.  56. 
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,  and  (he  cufva  otiiained  therewith.     A  »nA  R,  frnm  man  ;  t  and  i  rnrmpoful  to  As 
of  the  fint  and  iccond  heart  loundfc ;    C,  frcMn  dog  :    D,  incthTtd  uf  using  the  appareiuk. 


Method. — The  cardio-i>iieuinalic  niovetnents,  1.  /.,  the  movement  of  the  respiratory  gHses  de- 
|>endeni  on  ihe  movements  of  the  heart  and  great  vessels,  may  l>c  dcmonstrate^l  in  aniauls  and  man. 
A  manometric  flame  may  he  used.  Insert  one  Hmh  of  a  Y-tube  into  the  opened  liachca  of  an 
animal,  while  tlie  other  limb  posses  to  a  fmol)  gas  jet.  and  connect  the  other  tube  with  a  gas  jet. 
I(  is  clear  that  the  movements  of  the  hean  will  affect  the  column  of  gaf,  and  thus  affect  the  tlaioe. 
Large  aniinak  previously  curari/ed  are  be.«t.  It  may  also  he  done  in  man  by  inftcning  the  tobe 
into  one  nostril,  while  the  other  nostril  and  the  mouth  are  closed.  [A  simpler  and  less  irritating 
plan  is  to  till  a  wide  curved  (;l.i«5  tube  with  tobacco  Kmoke,  and  insert  one  end  of  the  tube  into  one 
no&tril  while  the  other  nostril  and  the  mouih  are  closed.  Tf  the  glottis  be  kept  open, and  rcspiratioa 
l>c  stopped,  then  ihc  mnvemenis  of  Ihe  column  of  smoke  within  the  tube  arc  obvious.] 

Cardio-Pneumograph. — C'emdini  employed  a  special  instrument,  while  Landois  uses  hUcardio- 
pneumugrnph.  which  consists  of  a  tube  (I)),  alxmt  i  inch  in  diameter  and  6  to  S  inches  in  length ; 
the  tube  is  bent  at  a  right  angle,  and  Communicates  with  a  small  metal  capsule  abnut  the  si/e  of  a 
saucer  |T),  over  which  a  memtrrane  composed  of  collodion  and  castor  oil  is  Ioo«ely  stretched.  To 
this  membntne  \i,  attached  a  glo&s  rod  (H)  UKd  as  a  writing  style,  which  records  its  movements  on 
a  glass  plate  (.Si  moved  by  clock  work.  A  small  valve  (K)  is  placed  on  the  *ide  of  the  tube  (D), 
which  enables  tne  experimenter  to  lireathe  when  nccewary.  The  lube  |D)  is  held  in  an  aircichi 
manner  between  the  lips,  the  nostrils  t>cing  closed,  the  glottis  open,  and  respiration  stopped.  Fig. 
56,  A,  H,  C,  are  curves  obtained  in  this  way.     In  them  we  observe — 
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{a)  At  the  moment  of  the  first  sound  (i),  the  respiratory  gases  undergo  a  sharp  (xpiraii>ry  move- 
mem,  because  at  the  moment  of  the  ftr4  part  of  the  vcnlricubr  sy!>tulc  the  blooJ  of  the  venlrkle  has 
not  left  ihc  thnrax,  while  venous  blood  is  streaming  into  the  right  auricle  through  the  venx  cavir, 
and  because  the  dilating  branches  of  the  pulmonary  artery  compress  the  accompanying  bronchi. 
The  blood  of  the  right  vcnlriclc  has  not  yet  left  the  thorax,  it  passes  merely  into  the  pnlmonary 
circuit.  The  expiratory  movemenl  U  diminished  somewhat  by  (a)  the  muscular  mass  of  the  vcniricle 
occupying  slightly  less  Inilk  during  the  contraction,  and  (ti)  owing  lo  the  thoracic  cavity  being  slightly 
increased  by  (he  fifth  interci>sta]  space  being  pus^icd  forward  by  ibe  cardiac  impulse. 

(A|  Immediately  after  ( [ )  there  follows  a  strong  inspiratory  ciirrent  of  the  respiratory  gases.  As 
•oon  as  the  blood  from  the  root  of  tlie  aorta  reaches  thai  part  of  the  aorta  lying  outride  the  thorax, 
more  blood  leave*  the  chest  than  passes  into  it  simultaneously  through  the  vcnrt  cavx. 

(r)  After  the  second  sound  (at  2),  indicated  sometimes  by  a  slight  depression  in  (he  apex  of  the 
carve,  the  arterial  blood  accumulales.and  hence  there  is  another  expiratory  movement  in  thiS  curve. 

{d)  The  fiehpheral  wave  movements  of  the  blood  from  the  thorax  cause  another  inspiratory 
movement  of  the  gases. 

{€)  Mure  blood  flows  into  the  chest  through  the  veins,  and  the  next  heart  beat  occurs. 

60.  INFLUENCE  OF  THE  RESPIRATORY  PRESSURE  ON 
THE   DILATATION  AND  CONTRACTION   OF  THE   HEART. 

— ^The  variation  in  pressure  to  which  all  the  intra-thoracic  organs  are  subjected, 
owing  to  the  increase  and  decrease  in  the  size  of  the  chest  caused  by  the  respi- 
ratory movements,  exerts  an  influence  on  the  movetnents  of  the  heart,  as  was 
proved  by  Carson  in  1820,  and  by  Bonders  in  1854.  Kxamine  first  the  relations 
in  different  passive  conditions  of  the  thorax,  when  the  glottis  is  open. 

The  diastolic  dilatation  of  the  cavities  of  the  heart  (excluding  the  pressure  of 
the  venous  blood  and  the  elastic  stretching  of  the  relaxed  muscle  wall)  is  funda- 
mentally due  to  the  elastic  traction  of  the  /urtj^s.  This  is  stronger  the  more  the 
lungs  are  distended  (inspiration),  and  is  less  active  the  more  the  lungs  are  con- 
tracted (expiration).      Hence  it  follows:  — 

(1)  When  the  greatest  possible  expiratory  effort  is  made  (of  course,  with  the 
glottis  open)  only  a  small  amount  of  blood  flows  into  the  cavities  of  the  heart  ; 
the  heart  in  diastole  is  small  and  contains  a  small  amount  of  blood.  Hence  the 
systole  must  also  be  small,  which  further  gives  rise  to  a  small  pulse  beat, 

(2)  On  taking  the  greatest  possible  inspiration,  and  therefore  causing  the 
greatest  stretching  of  the  elastic  tissue  of  the  lungs,  the  elastic  traction  of  the 
lungs  is,  of  course,  greatest  (30  mm.  Hg — Dotuirrs).  This  force  may  act  so 
energetically  as  to  interfere  with  the  contraction  of  the  thin-walled  atria  and 
appendices,  in  consequence  of  which  these  cavities  do  not  completely  empty 
themselves  into  the  ventricles.  The  heart  is  in  a  state  of  great  distention  in 
diastole,  and  is  filled  with  blood  j  nevertheless,  in  consequence  of  the  limited 
action  of  the  auricles,  only  small  pulse  Ijeats  are  observed.  In  several  individuals 
Donders  found  the  pulse  to  be  smaller  and  slower;  afterward  it  became  larger 
and  faster. 

(3)  When  the  chest  is  in  a  position  of  moderate  rest,  whereby  the  elastic 
traction  is  moderate  (7.5  mm.  Wg^DonJirs),  we  have  the  condition  most 
favorable  to  the  action  of  the  heart — sufllicient  diastolic  dilatation  of  the  cavities 
of  the  heart,  as  well  as  unhindered  emptying  of  them  during  systole. 

A  very  important  factor  is  the  influence  exerted  upon  the  action  of  the  heart, 
by  the  voiuntary  increase  or  diminution  of  the  intra-thoradc  pressure. 

(i)  Valsalva's  Experiment. — If  the  thorax  is  fixed  in  the  position  of 
deepest  inspiration,  and  the  glottis  be  then  closed,  and  if  a  powerful  expiratory 
eflTort  be  made  by  bringing  into  action  all  the  expiratory  musrjes,  so  as  to  contract 
the  chest,  the  cavities  of  the  heart  are  so  compressed  that  the  circulation  of  the 
blood  is  temporarily  interrupted.  In  this  expiratory  phase  the  elastic  traction  is 
very  limited,  and  the  air  in  the  lungs  being  under  a  high  pressure  also  acts  upon 
the  heart  and  the  intra-thoracic  great  vessels.  No  blood  can  pass  into  the  thorax 
from  without  j  hence  the  visible  veins  swell  up  and  become  congested,  the  blood 
in  the  lungs  is  rapidly  forced  into  the  left  ventricle  by  the  compressed  air  in  the 
lungs,  and  the  blood  soon  passes  out  of  the  chest.     Hence  the  lungs  and  the 
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heart  contain  little  blood.  Hence,  also,  there  is  a  greater  supply  of  blood  in  the 
systemic  than  in  the  pulmonary  circulation  and  the  heart.  The  heart  sounds  dis- 
appear, and  the  pulse  is  absent  {E.  H.   Weber^  Dondtrs). 

(a)  j.  Miiller's  Experiment. — Conversely,  if  afier  the  deepest  possible 
expiration  the  glottis  be  closed,  and  the  chest  be  now  dilated  with  a  great  inspira* 
tory  effort,  the  heart  is  powerfully  dilated,  the  elastric  traction  of  the  lungs,  and 
the  very  attenuated  air  in  these  organs  act  so  as  to  dilate  the  cavities  of  the  heart 
in  the  direction  of  the  lungs.  More  blood  Hows  into  the  right  heart,  and  in  pro- 
|)ortion  as  the  right  auricle  and  ventricle  can  overcome  the  traction  outward,  the 
blood  vessels  of  the  lungs  become  filled  with  blood,  and  thus  partly  occupy  the 
lung  space.  Much  less  blood  is  driven  out  of  the  left  heart,  so  that  the  pulse  may 
disappear.     Hence,  the  heart  is  distended  with  blood  and  the  lungs  are  congcbted, 

Fig.  57, 
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Attpiniliu  for  demonttrating  ihe  action  of  Inspiration,  U,  and  expiration,  I,  on  (he  hcArt  and  00  the  hlood  Mrcatn. 
P,/,lung«;  H.  A,  Scart ;  L, /,  clrMcd  glnttU :  M,  wr,  mamicnalen  :  E,  r,  inguKi^  liltxnJ  ■tream,  vein ;  A,  «,  out' 
going  bloud  atrcam,  artery  \  O,  dlapbiagn  during  expiimlkm ;  J,  during  in«|>iratiua. 


while  the  aortic  system  contains  a  small  amount  of  blood,  /.  e.,  the  sj-stemic  cir- 
culation is  comparatively  empty,  while  the  heart  and  the  pulmonary  vessels  are 
engorged  with  blood. 

In  normal  respiration  the  air  in  the  lungs  during  inspiration  is  under  slight 
pressure,  while  during  expiration  the  pressure  is  higher,  so  that  these  conditions 
favor  the  circulation  ;  inspiration  favors  the  supply  of  blood  (and  lymph)  through 
the  venae  cavse,  and  favors  the  occurrence  of  diastole.  In  operations  where  the 
axillary  or  jugular  vein  is  cut,  air  may  be  sucked  into  the  circulation  during  in.spini- 
tion,  and  cau.se  death.  Expiration  favors  the  flow  of  blood  in  the  aorta  and  its 
branches,  and  aids  the  systolic  emptying  of  the  heart.  The  arrangement  of  the 
valves  of  the  heart  causes  the  blood  to  move  in  a  definite  direction  through  it. 

The  elastic  traction  of  the  lungs  aids  the  lesser  circulation  through  the  lungs 
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within  the  chest ;  the  blood  of  the  pulmonary  capillaries  is  exposed  to  the  pressure 
of  the  air  in  the  Km^^,  while  the  blood  in  the  pulmonary  veins  is  exposed  to  a 
less  pressure,  as  the  elastic  traction  of  the  lungs,  by  dilating  the  left  auricle,  favors 
the  outflow  from  the  capillaries  into  the  left  auricle.  The  elastic  traction  of  the 
lungs  acts  slightly  as  a  disturbing  agent  on  the  right  ventricle,  and,  therefore,  on 
the  movement  of  blood  through  the  pulmonary  artery,  owing  to  the  overpowering 
force  of  the  blood  stream  through  the  pulmonary  artery,  as  against  the  elastic 
traction  of  the  lungs  iDonders). 

The  above  apparatus  (Fig.  57)  shows  the  cfiect  of  the  iospiratory  and  expiratory  movements  on 
ihe  dilalotion  of  the  heart,  and  on  the  blood  stream  in  the  large  hlood  vessels.  The  large  glass  vessel 
repmenis  the  thorax:  the  ela&lic  membrane,  D,  the  diaphra^  :  P, /,  the  ]un|;;s;  L,  the  trachea 
supplied  with  a  Mnp-cocL  to  represent  the  glottis;  H.  the  heart;  G.  the  venie  ca%ie;  A,  the  aorta. 
If  the  glottis  lie  r/otcj/.  and  the  expiratory  phase  imitated  by  pushing  up  D  as  in  I,  the  atr  in  P,  P  is 
compressed,  the  heart,  H,  is  compressed,  the  venous  valve  closes,  the  arterial  is  opened,  and  the 
fluid  is  driven  out  through  A.  The  manometer.  M,  mdicales  the  inira-thoracic  pressure.  If  the 
glottis  be  closed,  and  the  inspirator)'  phase  imitated,  as  in  11,/./  and  h  are  dilated,  the  venous 
valve  upens.  the  arterial  valve  cloHck;  hence,  venous  bloo<i  flows  from  e  into  the  heart.  Thus, 
inspiraijoo  always  favors  the  venous  stream,  and  hinders  the  arterial ;  while  expiration  hinders  the 
^-rnoos,  and  ^ivorsthe  arterial  stream.  If  the  glottis  L  and  /  be  open,  the  air  in  P,  Pi/i/  will  be 
cbaaged  ilurinp  the  rc-tpiratory  ra"vcnicnts  D  and  J,  so  that  the  action  on  the  heart  and  blood 
veuel&  will  lie  diaiinisbed,  but  it  will  sttU  pcrsi!»t,  although  to  a  much  less  extent. 


THE  CIRCULATION, 


61. 


Fig.  58. 
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THE  FLOW  OF  FLUIDS  THROUGH  TUBES.— Torlcclli's  Theorem  {i643> 
Males  lha(  ihe  vrlocity  of  etflux  (v)  of  a  Htiiil — ihrou^h  an  opening  at 
the  bollom  nf  a  c>'1inilrical  ves.se) — i*.  exactly  the  same  as  the  velocity 
which  a  body  fAlling  ficely  would  acquire,  were  it  to  fall  from  the 
surface  of  ihc  Huid  to  the  hose  of  ihe  orifice  of  ihe  outHow.  If  4  be  the 
height  of  the  propelling  futce,  the  vetucity  of  efflux  is  given  by  the 
formula — 


D 


Cylindrical  ve 
Wkier.     A 


«e1  ftUtd  with 
hci|;h[  {jf  the 
column  or  fliilil :  tl, 
height  of  column  or  fluid 
rvqtjired  to  cnrrome  l)ie 
mhuiice  :  and  F,  height 
(if  column  of  Auld  caui' 
in&  (he  cHluK. 


ir  =:  |/  2^  A  (where^  —  9.8  metres). 

TTie  rapidity  of  outflow  increases  (as  shown  experimentally)  with  increaK 
in  the  height  of  the  propelling  force,  A.  The  former  occurs  in  the  ratio, 
I,  2,  ^,  when  A  incrcafics  in  the  ratio.  I,  4t  9<  >-  f-,  the  velocity  of  efflux 
is  as  ihe  square  root  of  ihc  height  of  the  propelling  force.  Hence,  it  fol- 
lows that  the  velocity  of  efflux  depends  upon  the  hcif^ht  of  the  liquid 
above  the  orifice  of  outflow,  and  not  upon  the  nature  of  the  fluid 

Resistance.— Toricclli's  theorem,  however,  is  only  valid  when  all 
resistance  to  the  outflow  is  ahseni ;  Init,  in  fact,  in  every  physical  experi- 
mcnl  such  resistance  exists.  1  lence,  the  propelling  force.  A,  has  not  only 
to  cause  the  i-^uji:  of  the  fluid,  but  has  also  to  ov^rromtf  r^sistanct. 
These  two  forces  may  he  expressed  by  the  heights  of  two  columns  of 
water  placed  over  each  other,  vix.»  by  the  height  of  the  column  of  waier 
causing  the  outflow,  F,  and  the  height  of  the  column,  D,  which  over- 
comes the  resistance  opposed  to  ihe  outflow  uf  the  fluid.  So  that 
/i  =  F  -f-  n. 

FORCE— VELOCITY  OF  THE  CURRENT,  AND  LAT- 

-In  the  case  of  a  fluid  flon-ing  through   a  tul>c,  which  it   fills  completely, 


6fl.  PROPELLING 
ERAL  PRESSURE.- 

we  have  to  consider  the  prupelling  force,  A^  causing  the  fluid  to  flow  through  the  various  sections  of 
the  iul»e.    The  amount  of  ihe  \  mpelling  force  depends  upon  two  factors: — 

( 1 )  On  the  I'eiocily  af  tAe  cut  renf^  v  ; 

(2)  On  (he  pressure  (amount  uf  remtante)  to  which  the  fluid  is  subjected  at  the  various  parts  of 
the  tube,  D. 

( I  i  The  velocity  of  the  current,  r,  ts  estimated — (a)  from  the  lumen,  /,  of  the  Itibe  ;  and  (B)  from 
the  quantity  of  fluid,  ^,  which  flows  through  the  tulK  in  the  unit  uf  time.  .So  that  v^^tf  .  I.  lU>th 
values,  ^  as  well  as  /,  can  be  accurately  measured.     (The  circumference  of  a  ruund  tube  whose 

diameter  =:^  i*  yy\.d.    The  sectional  area  (lumen  of  the  tube)  is  /^  — —  .d^).     Having  in  this 

way  determined  r,  from  it  we  may  calculate  ihe  height  of  the  column  of  fluid,  F,  which  will  give  this 
velocity,  i.  e.,  the  height  from  which  a  IxkI/  must  fall  in  vacuo,  in  order  to  attain  the  velocity,  p. 

In  this  case  F  =  ^  (where  ^  =  the  distance  traversed  by  a  falling  body  in  I  sec.  =  4.9  metres). 

(3)  The  pressure,  D  (amount  of  resistance),  Ls  measured  directly  \xf  placing  manomcteTS  at 
different  parts  of  the  tube  (Fig.  59). 

'Wit  propcUiitg  force  at  any  [>art  of  the  tube  is 


This  is  proved  experimentally  by  taking  a  tall  cylindrical  vessel.  A,  of  sufBctent  size,  which  h.  kept 
filled  with  water  at  a  con^ant  level,  k.  The  outflow  rigid  tube,  a,  h,  has  in  connection  with  it  a 
number  of  tubes  placed  vertically,  t,  3,  j,  constituting  a  piezometer.  At  the  end  of  the  tube,  h,  there 
is  an  opening  with  a  short  tube  &xcd  in  il,  from  which  the  water  issues  to  a  ctMisiant  height,  pir^vidcd 
Ihe  level  of  A  is  kept  constant.  The  height  to  which  it  rises  depends  on  the  height  of  ihc  column 
of  fluid  causing  the  velocity,  K.  As  the  pressure  in  the  manometric  tul>es,  D'  D',  U»,  can  be  read 
off  directly,  the  propelling  force  of  the  water  at  the  sections  of  the  tubes,  I,  H,  III,  is — 

-*=F-i-D»;  F-f  n»;  F-f-D». 
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Ai  th«  end  of  the  tolw.  b,  wl  ere  D  *  =  O.  ^  =  F  -|-  O.  i.  *.,  4  -  F.     In  the  cylinder  itself  it  is  the 
coosuot  prcssui*:,  A,  which  causes  the  movement  of  the  6uid. 

It  is  clear  that  the  propeltiog  force  of  the  water  gradually  diminishes  as  we  nasi  from  the  part 
where  ihc  fluid  passes  out  of  the  cj-linder  into  the  tube  toward  the  end  of  the  tube,  B.  The  water 
in  the  preuure  cylinder,  foiling  from  the  height,^,  only  rises  as  high  as  F  at  (>.  This  diminution  of 
the  propcllmg  power  is  due  to  the  preseticc  uf  resistances,  which  oppose  the  current  in  ihe  lube, 
J.  t.,  psirt  of  the  energy  is  transformed  into  heat.  As  the  propelling  power  at  6  is  rcprc!>ent«d  nnly  by 
F,  while  in  the  vessel  it  is  ft,  ihc  difference  must  be  due  to  the  sum  of  the  resistances,  D  =  A  —  F; 
iience  it  follows  that  k^¥  -^  D.  {Domfers). 

ESTIMATION  OF  RESISTANCE.— Estimation  of  the  ReaiaUnce.— When  a  Huid 
flows  through  a  tube  of  unifonn  calibre,  the  proj.»ening  force,  h,  diminishes  from  point  to  point,  on 
account  of  the  uniformly  acting  resistance,  hence  the  sum  of  the  resistances  in  the  whole  tube  is 
directly  ptoiwrtional  to  its  length.  In  a  uniformly  wide  tube,  fluid  Hows  through  each  sectional 
area  with  cquat  velocity,  hence  v  and  also  F  are  equal  in  all  parts  of  the  tube.  The  diminution 
which  h  (projielUng  force)  andercocs  cmn  only  occur  from  a  diminution  of  pressure  D,  a*  F  remains 
the  same  thntughout  {and  A  =:  r  -|'  D)*  Exi>eriment  with  the  pressure  cylinder  shon-s  that,  as  a 
matter  of  fact,  the  pressure  toward  the  outHow  end  of  the  tube  Incomes  gradually  diminished. 

In  a  uniformly  'unde  luhe,  the  hfif^ht  of  the  pressure  in  the  manometers  expresses  the  resistances 
ppposed  to  the  current  of  fluid  wkiik  it  has  to  mtrcomt  in  its  etntrse  from  the  point  invtstigattd  to 
the  free  orifice  of  efflux. 

Nature  of  the  Resistance. — The  resistance  o|)ix>scd  to  the  flow  of  a  fluid  depends  upon  the 
cfheiivn  of  the  p<iriif/ei  of  ihe  fluid  among  themselves,  l-njring  the  curreni,  the  outer  layer  of 
fluid  whidi  is  next  the  wall  of  the  tube,  and  which  moistens  it,  is  at  rest   [GirarJ,  PoiseuiUe). 


Oi — 


A  cyUndrlca)  vctsd  Ailed  with  wslci.    a,  i,  outflnw  tube,  along  which  are  ptacnl  al  ItUemb  vertical  tubes,  i,  t,  j,  to 

estimate  the  pressure. 


AO  the  other  layers  of  fluid,  which  may  be  represented  as  »o  many  cylindrical  layers,  one  inside  the 
other,  move  more  rapidly  as  we  proceed  Inward  the  axis  of  the  tube,  the  axial  thread  or  stream 
1-cing  the  most  rapidly  moving  part  of  the  liquid.  On  account  of  the  movement  of  the  cylindrical 
Layers,  one  within  the  other,  a  part  of  ibe  prupelling  energy  must  be  used  up.  The  amount  of  the 
resistance  greatly  depends  upon  the  amount  of  the  cohesive  force  which  \hc  panicles  of  the  fluid 
have  for  each  other;  the  more  firmly  the  particles  cohere  with  each  other,  the  greater  will  be  the 
resistance,  and  rfVc  versd.  Iience.  the  sticky  bluod  current  experiences  greater  resistance  than  water 
or  ether. 

Heat  diminishes  the  cohesion  of  the  particles,  hence  it  also  diminishes  the  resistance  to  the  flow 
of  a  conenl.  These  resistances  are  hrst  developed  by,  and  result  from,  the  movement  of  the  particles 
of  the  fluid,  they  being,  as  it  were,  torn  from  each  utlicr.  Tlic  more  rapid  the  current,  therefore, 
t.  t.t  the  larger  the  numl>er  of  particles  of  f^uid  which  are  pulled  asunder  in  the  unit  of  time,  the 
greater  xuUl  6e  the  turn  of  tht  resiUance.  As  already  mentioned,  the  layer  of  fluid  lying  next  the 
tube,  and  moistening  it,  is  at  rest,  hence  the  material  which  composes  the  tube  exerts  no  influence 
on  the  resistance. 

EFFECT  OF  TUBES  OF  UNEQUAL  CALIBRE.— Unequal  Diameter.— When 
the  velocity  of  the  current  is  uniform,  the  reHislance  depends  upon  the  diameter  of  the  tube — the 
smaller  the  diameter,  the  greater  the  resistance;  the  greater  the  diameter,  the  Icm  the  resistance. 
The  resistance  iu  narrow  tubes,  however,  increases  more  rapidly  than  the  diameter  of  the  tube 
decreases,  as  has  been  proved  experimentally. 

In  tubes  of  unequal  calibre,  at  different  parts  of  their  course,  the  velocity  of  the  current  varies— 
h  is  slower  in  the  wide  port  of  the  tube  and  more  rapid  in  the  narrow  parts.     As  a  general  rule,  in 
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tubes  of  un«]ual  diameter  the  vcloctt)'  of  the  current  is  inversely  proportional  \o  the  diameter  of  the 
corresponding  section  of  the  tube;  /.  f.,  if  the  tul>c  be  cylindrical,  it  is  inversely  proportional  lo  the 
square  of  the  diameter  of  the  circular  transverse  section.  In  lubes  of  uniform  diameter,  the  pro- 
pelling force  of  the  moving  fluid  diminishes  umformly  from  point  to  [wint,  but  in  lubes  of  uHt^ttai 
calibre  it  does  we/  diminish  uniformly.  Ax  the  rexistance  is  greater  in  narrow  tubes,  of  course  the 
propelling  force  must  diminish  more  rapidly  in  them  than  in  wide  lubes.  Hence,  wilhio  the  wide 
parts  of  the  tube  the  pressure  is  greater  than  the  sum  of  the  resistances  still  lo  be  overcome,  while 
in  the  narrow  portions  it  is  less  than  ihe^c. 

Tortuosities  and  Bending  of  the  Vessels  add  new  resistance,  and  the  fluid  presses  more 
^tIongly  on  the  convex  side  than  on  the  concave  side  of  the  bend,  and  there  the  resistance  to  the 
flow  is  greater  than  on  the  concave  side. 

Division  of  a  lube  into  two  or  mure  branches  is  a  source  of  resistance,  and  diminishes  the  pro- 
pelling power.  When  a  tube  divides  into  two  smaller  tubes,  of  course  some  of  the  particles  of  the 
Huid  arc  retarded,  while  olhers  are  accelerated,  on  account  of  the  unequal  velocities  of  the  diiTercnt 
layers  of  the  fluid.  Many  particles  which  had  the  greatest  velocity  in  the  axial  layer  come  to  lie 
more  toward  the  side  of  the  tube,  where  they  move  more  slowly;  and,  conversely,  many  of  iho«e 
lying  in  the  outer  layers  reach  the  centre,  where  they  move  more  rapidly.  Hence,  some  of  the 
propelling  force  is  used  up  in  this  process,  and  the  pullmg  aonnder  of  the  panicles  where  the  lutic 
divide<>  acts  in  a  similar  manner.  If  two  lubes  join  to  form  one  tube,  new  resistance  is  theiehy 
caused,  which  must  diminish  the  propelling  force.  'I'hc  sum  of  the  mean  vetociiies  in  both  branches 
is  independent  of  the  angU  at  which  division  takes  plice  {Jacohion),  If  a  bninch  be  opened  from 
a  tube,  the  principal  current  is  accelerated  to  a  considerable  extent,  no  lualier  at  what  angle  the 
branch  may  be  given  off. 

63.  CURRENTS  THROUOH  CAPILLARY  TUBES.— rolseuille  proved,  experiment- 
ally,  that  the  tlow  in  the  capillaries  is  subject  to  spcci.il  conditions : — 

(ij  The  quantity  of  fluid  which  flows  out  of  the  tamr  capillary  tube  is  proportional  to  the 
pressure. 

(2)  The  time  necessary  for  a  given  quaniJty  of  fluid  to  flow  out  (with  the  like  pressure,  diameter 
of  tube  and  temperature),  is  proportional  to  the  length  of  the  tubes. 

(3^  The  product  of  the  outflow  (other  things  being  equal)  is  as  the  fuurth  power  of  the  diameter. 

(4)  The  velocity  of  the  current  is  pro[iortional  10  the  pressure  and  to  the  square  o(  the  diamclci, 
and  inversely  proportional  to  the  length  of  the  tube. 

(5)  The  resisunce  in  the  capdlaries  is  proportional  to  the  velocity  of  the  current. 

64.  MOVEMENT  OF  FLUIDS  AND  WAVE  MOTION  IN  ELASTIC  TUBES.— 

(1)  When  an  uutnUrrttpted  untform  current  flows  through  au  elastic  lube,  it  follows  exactly  the 
iatnt  laivi  as  if  the  tulie  had  ri^id  wai/s.  If  the  propelling  power  increases  or  diminishes,  the 
elastic  tut>e.^  t>ecorae  wider  or  narrower,  and  they  behave,  as  far  as  the  movement  ol  the  fluid  is 
concerned,  as  wider  or  narrower  rigid  tuljcs. 

(2)  Wave  Motion. — If,  however,  more  fluid  be  forced  in  jerks  into  an  elastic  tube,  i.r,  inter- 
ruptfdlyy  the  lirst  pan  of  the  tube  dilates  suddenly,  corresponding  to  the  quantity  of  fluid  propelled 
into  it.  The  jerk  communicates  an  oitiihiory  movement  to  the  patticlcs  of  the  fluid,  which  is 
comiQUnicaled  to  all  the  fluid  particles  from  the  bcginoing  to  the  end  ot  the  lube;  a postttvc  tvavf  is 
thtii  mpidty  prvpa^aUd  (hroughoui  ihf  whoU  Ungih  0/  the  tubf.  If  wc  imagine  the  elastic  tube  to 
be  closed  at  its  peripheral  end,  the  positive  wave  will  be  reflected  from  the  point  of  occlusiuu,  and 
it  may  be  propagaied  to  and  Iro  through  the  tube  until  It  finally  disappears.  In  such  a  eluded  tube 
A  sudden  jei  ol  fluid  produces  only  a  tvave  mtK/ement,  i>.,  only  a  vibrator>'  movement,  or  an  alteiu- 
tion  in  the  shape  of  the  liquid,  there  being  no  actual  translation  of  the  particles  along  the  tube. 

(3)  If,  however,  fluid  be  pumped  interruptedly  or  by  jerks  into  an  elaf4ic  tube  tilled  with  fluid, 
in  which  there  is  already  a  continuous  current,  the  movement  of  the  current  is  combined  with  the 
wave  movement  Wc  must  carefully  distinguish  the  nunement  of  the  <Hrrmt  ef  ihe  flutti^i^.^ 
the  translation  of  a  mass  of  fluid  through  the  tube,  from  the  imtve  movtmetti,  the  oscillatory  move- 
ment, or  movement  of  change  of  form  in  the  column  of  fluid.  In  the  former,  the  panicles  are 
actually  translated,  while  in  the  latter  they  merely  vibrate.  The  current  in  clastic  tube>  is  slower 
than  the  wave  movement,  which  is  propagated  with  great  rapidity. 

This  last  case  obtains  In  the  aiterial  system,  ihe  bluud  in  the  arteries  b  already  in  a  state  of 
continual  movement,  directed  from  the  aorta  to  the  capillaries  [movement  of  the  cutrent  of  blood  i; 
by  means  of  the  systole  of  the  left  vcntncle,  a  quantity  of  lluid  is  suddenly  pumped  imo  the  autta, 
and  causes  a  poiitive  ivavf  [pulse  iiraz>e),  which  is  propagated  with  great  rapidity  lu  the  icntiiuaitiins 
of  the  arteries,  while  the  current  of  the  blood  itself  moves  much  more  slowly. 

Rigid  and  Elastic  Tubes. — It  is  of  importance  to  contrast  the  movement  of  fluids  in  rigi^  and 
in  elastic  tubes.  If  a  certain  quantity  of  Huid  be  forced  into  a  rijpd  tube  under  a  certain  pressure, 
the  same  quantity  of  fluid  will  flow  out  at  once  at  the  other  end  of  the  tube,  provided  there  be  no 
special  resistance.  In  on  elastic  tube,  immediately  after  ttic  forcing  in  of  a  certain  quantity  of  fluid, 
at  first  only  a  small  quantity  flows  out,  and  the  remainder  flows  out  only  alter  the  prupeiltng  forue 
has  ceased  to  act. 

If  an  equal  quantity  of  fluid  be  periodically  injected  into  a  rigid  tube,  with  each  jerk  an  equal 
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quantity  is  forced  uut  at  the  other  end  of  the  tube,  and  the  outflow  lusts  exactly  as  long  as  the  jeik 
or  the  contraction.  And  the  pause  between  two  jjeriod*  of  outllow  is  cxaclly  the  same  as  l-ctwccn 
the  two  jerks  or  conuactions.  In  an  elastic  tube  it  is  different,  as  the  ouitlow  continues  for  a  time 
kfter  the  jerk;  hence,  it  follows  that  a  continuous  outflow  current  will  lie  produced  in  elastic  tubes 
when  the  lime  between  two  jerVs  U  made  shorter  than  the  duration  of  the  outflow  after  the  jerk  has 
been  completed.  When  fluid  is  pumped  periodically  Into  rigid  lubes,  it  causes  a  sharp,  abrupt  out- 
flow synchronous  with  the  inflow,  and  the  outflow  becomes  continuous  only  when  the  inflow  is  con- 
tinuous and  uninterrupted.  In  clastic  tube*  an  jniermitient  current,  under  the  above  conditions, 
causes  a  continuous  uutHow,  which  is  increased  with  the  systole  or  contraction. 

65.  STRUCTURE  AND  PROPERTIES  OF  THE  BLOOD 
VESSELS.— In  tht  body,  the  large  vessels  carry  the  blood  to  and  from  the 
vanous  tissues  and  organs,  while  the  thin-walled  aipillaries  bring  the  bluod  into 
intimate  relation  with  the  tissues.  Through  the  excessively  thin  walls  of  the 
capillaries  the  fluid  part  of  the  blood  transudes,  to  nourish  the  tissues  outside  the 
capillaries.  [At  the  same  time,  fluids  pass  from  the  tissues  into  the  blood.  Thus, 
there  is  an  exchange  between  the  blood  and  the  fluids  of  the  tissues.  The  fluid, 
after  it  passes  into  the  tissues,  constitutes  the  lymph,  and  acts  like  a  stream  irrigat- 
ing the  tissue  elements.] 

I.  The  Arteries  are  distinguished  from  veins  by  t\\c\T  thicker  walls,  due  to  the 
gieater  development  of  smooth,  muscular  and  elastic  tissues ;  the  middle  coat 
(tunica  media)  of  the  arteries  is  specially  thick, 
while  the  outer  coat  (t.  adventitia)  is  relatively  thin. 
[The  absence  of  valves  is  by  no  means  a  character- 
istic feature.] 

The  arteries  consist  of  three  coats  (Fig.  60). 
(1)  The  Tunica  intima,  or  inner  coat,  consists 
of  a  la)cr  of  (a)  irregular,  long,  fusiform,  nucle- 
ated, squamous  cells,  forming  the  excessively  thin, 
transparent  endothelium  {/fis,  /866),  immediately 
in  contact  with  the  blood  stream.  [Like  other 
endothelial  cells,  these  cells  are  held  together  by  a 
cement  substance  which  is  blackened  by  the  action 
of  silver  nitrate.] 

Outside  this  lies  a  very  thin,  more  or  less  fibrous, 
layer — sub-epithfUal  layer — in  which  numerous 
spindle  or  branched  protoplasmic  cells  lie  em- 
bedded within  a  corresponding  system  of  plasma 
canals.  Outside  this  is  an  elastic  lamina  ( lf\, 
which,  in  the  smallest  arteries,  is  a  structureless  or 
fibrous  clastic  membrane — in  arteries  of  medium 
size  it  is  a  fenestrated  membrane  {Henle),  while  in 
the  largest  arteries  there  may  be  several  layers  of 
ela«>iic  lamina;  or  fenestrated  elastic  membrane 
mixed  with  connective  tissue.  [In  some  arteries 
the  elastic  membrane  is  distinctly  fibrous,  the  fibres 
being  chiefly  arranged  longitudinally.  It  may  be 
stripped  ofi",  when  it  forms  a  brittle  elastic  mem- 
brane, which  has  a  great  tendency  to  curl  up  at  its 
margins.  In  a  transverse  section  of  a  middle- 
sized  artery  it  ap[>ears  as  a  bright,  wavy  line,  bu: 
the  curves  are  probably  produced  by  the  partial  collapse  of  the  vessel.  It  forms 
an  important  guide  to  the  pathologist  in  enabling  him  to  determine  which  coat  of 
the  artery  is  diseased] 

In  niiddle-si/icd  and  large  arteries  a  few  non-striped  muscular  fibres  are  disposed 
longitudinally  between  the  elastic  plates  or  lamina;  {K.  Bardelehen).  Along  with 
the  circular  muscular  fibres  of  the  middle  coat,  they  may  act  so  as  to  narrow  the 
artery,  and  they  may  also  aid  in  keepmg  the  lumen  of  the  vessel  open  and  of 
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uniform  calibre.  It  is  not  probable  that  when  they  act  by  themselves  they  dilate 
the  vessel, 

(2)  The  Tunica  media,  or  middle  coat,  contains  much  non-striped  mtiscle  (c), 
which  in  the  sfnaUest  arteries  consists  of  transversely  disposed  non-striped  muscu- 
lar fibres  lying  between  the  endothelium  and  the  T.  adventitia,  while  a  finely 
granular  tissue  with  few  elastic  fibres  forms  the  bond  of  union  between  them.  As 
we  proceed  from  the  very  smallest  to  the  small  arteries,  the  number  of  muscular 
fibres  become  so  great  as  to  form  a  well-marked  fibrous  ring  of  non- striped  muse  it, 
in  which  there  is  comparatively  little  connective  tissue.  In  the  largt  arteries  the 
amount  of  connective  tissue  is  considerably  increased,  and  between  the  layere  of 
fine  connective  tissue  numerous  (as  many  as  50)  thick,  elastic,  fibrous  or  fenes- 
trated laminae  are  concentrically  arranged. 

A  few  non-striped  fibres  lie  scattered  among  these,  and  some  of  ihera  are 
arranged  transversely,  while  a  few  have  an  oblique  or  longitudinal  direction. 

The  first  part  of  the  aorta  and  pulmonary  artery,  and  the  retinal  arteries  are  devoid  of  mutcle. 
The  descending  aorta,  common  ilhc,  and  poplitcil  have  tnngitudinal  fibres  between  the  transven* 
ones.     Longitudinal  bundles  lying  inside  Ine  media  occur  in  the  rcnat,  splenic  and  internal  spcr- 

Fig.  61, 
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CapiLlarlct.    Ths  outttnei  of  the  endothelial  celU  miiTked  off  from  uch  other  by  th«  cement  whi^  Is  bUckcned  \rj 
the  action  of  stiver  nitmic.    The  nuclei  of  ihe  cells  ore  obvious. 

miiic  arterien.     Lon^tudinal  bundles  occur  both  on  the  outer  and  inner  auriacea  of  ihe  umlMHcal 
arteries^  which  are  very  muscular. 

(3)  The  Tunica  adventitia,  or  outer  coat,  in  the  smaiUst  arteries  consists  of 
a  structureless  membrane  with  a  few  connective-tissue  corpuscles  attached  to  it ;  in 
somewhat  larger  arteries  there  is  a  layer  of  fine,  fibrous,  elastic  tissue  mixed  with 
bundles  of  fibrillar  connective  tissue  (//).  In  arteries  of  miJMe  size,  and  in  the 
largest  arteries  the  chief  mass  consists  of  bundles  of  fibrillar  connective  tissue  con- 
taining connective-tissue  corpuscles.  The  bundles  cross  each  other  in  a  variety 
of  directions,  and  fat  cells  often  lie  between  them.  Next  the  media  there  are 
numerous  fibrous  or  fenestrated  elastic  lamellee.  In  medium-sized  and  small 
arteries  the  elastic  tissue  next  the  media  lakes  the  form  of  an  independent  elastic 
membrane  (Henle's  external  elastic  membrane).  Bundles  of  non-striped  muscle, 
arranged  longitudinally,  occur  in  the  adventitia  of  the  arteries  of  the  penis,  and 
in  the  renal,  splenic,  spermatic,  iliac,  hypogastric  and  superior  mesenteric  arteries. 

II.  The  capillaries,  while  retaining  their  diameter,  divide  and  reunite  so  as  to 
form  networks,  whose  shape  and  arrangement  differ  considerably  in  different  tis- 
sues.    The  diameter  of  the  capillaries  varies  considerably,  but  as  a  general  rule  it 
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is  such  as  to  admit  freely  a  single  row  of  blood  corpuscles.  In  the  retina  and 
muscle  the  diameter  is  5-6 /i,  and  in  bone  marrow,  liver,  and  choroid  10-20 /z. 
The  tubes  consist  of  a  single  layer  of  transparent,  excessively  thin,  nucleated, 
endothelial  cells  joined  to  each  other  by  their  margins  (^Hoyer^  Auerbach^  Ubertk^ 
Aefyj  jS6s). 

[The  naclei  contain  a  well-marked  intranuclear  plexus  of  fibrils,  like  other  naclei.]  The  ecUs 
we  more  fusiform  in  the  smaller  capillaries  and  more  polygonal  in  (he  larger.  1lie  body  of  ttic 
c«n  presents  the  characters  of  very  faintly  refractive  protopUsm,  but  it  ts  doubtful  whether  the  body 
of  vhe  cell  is  endowed  with  the  property  of  contract ttity. 

Action  of  Silver  Nitrate.— If  a  dilute  solution  (^  per  cent.)  of  silver 
nitrate  be  injected  into  the  blood  vessels,  the  cement  substance  of  the  endothelium 
and  of  the  muscular  fibres  as  well,]  is  revealed  by  the  presence  of  the  black  '^stiver 
iines**  The  blackened  cement  substance  shows  Httlc  specks  and  large  black  slits 
at  different  points.  It  is  not  certain  whether  these  are  actual  holes  (_/.  Arnold) 
through  which  colorless  corpuscles  may  pass  out  of  the  vessels,  or  are  merely 
larger  accumulations  of  the  cement  substance. 

[Arnold  called  these  i^mall  areas  in  the  black  silver  lines  when  they  are  large  stomata,  and  when 
mull  stigmata.  They  are  most  numerous  after  venous  congestion,  and  after  the  disturbances 
which  follow  inflammation  of  a  part  {Coknhfim^  Winixuarter).  They  ore  not  alway»  present.  The 
extjQenceof  cement  FiuhMance  between  the  cells  may  also  be  inferret)  from  the  fact  that  indigo- 
sulphate  of  soda  is  deposited  in  it  (  Thoma"),  and  panicles  of  cinnabar  and  China  ink  are  fixed  in  it, 
wbco  these  substances  ore  injected  into  the  blood  (/"im).] 

Fine  anastomosing  fibrils  derived  from  non-medullated  nerves  terminate  in 
fmall  end  buds  in  relation  with  the  capillary  wall  ;  ganglia  in  connection  with 
capillary  nerves  occur  only  in  the  region  of  the  sympathetic  {^Bremer  and  Wal- 
deyrr). 

[If  a  capillary  is  examined  in  a  perfectly  fresh  condition  (while  living)  and  with- 
out the  addition  of  any  reagent,  it  is  impossible  to  make  out  any  line  of  demarca- 
tion l>etween  adjacent  cells,  owing  to  the  uniform  refractive  index  of  the  entire 
wall  of  the  tube.] 

The  small  vessels  next  in  size  to  the  capillaries  and  continuous  with  them  have 
a  completely  structureless  covering  in  addition  to  the  endothelium. 

III.  The  veins  are  generally  distinguished  from  the  arteries  by  \hc\r  lumen 
being  wider  xh^in  the  lumen  of  the  corresponding  arteries  ;  their  mai/s  are  thinner, 
on  account  of  the  smaller  amount  of  non-striped  muscle  and  clastic  tissue  (the 
non-striped  muscle  is  not  unfrequently  arranged  longitudinally  in  veins).  They 
are  also  more  extensile  (with  the  same  strain).  The  adventitia  is  usually  the 
thickest  coat. 

The  occurrence  of  valves  is  limited  to  the  veins  of  certain  areas,  (i)  The 
T.  intima  consists  of  a  layer  of  shorter  and  broader  endothelial  cells,  under 
which,  in  the  smallest  veins,  there  is  a  structureless  elastic  membrane,  sub- 
epithelial layer^  which  is  fibrous  in  veins  somewhat  larger  in  size,  but  in  all  cases 
is  thinner  than  in  the  arteries.  In  large  veins  it  may  assume  the  characters  of  a 
fenestrated  membrane,  which  is  double  in  some  parts  of  the  crural  and  iliac 
veins.  Isolated  muscular  fibres  exist  in  the  intima  of  the  femoral  and  popliteal 
veins. 

(2)  The  T.  media  of  the  larger  veins  consists  of  alternate  layers  of  elastic 
and  muscular  tissue  united  to  each  other  by  a  considerable  amount  of  connective 
tissue,  but  this  coat  is  always  thinner  than  in  the  corresponding  arteries.  This 
coat  diminishes  in  the  following  order  in  the  following  vessels:  pKjpliteal.  veins 
of  the  lower  extremity,  veins  of  the  upper  extremity,  superior  mesenteric,  other 
abdominal  veins,  hepatic,  pulmonary,  and  coronary  veins.  The  following  veins 
contain  no  muscle:  veins  of  bone,  central  nervous  system  and  its  membranes, 
retina,  the  superior  cava,  with  the  large  trunks  that  open  into  it.  the  up|>er  part 
of  the  inferior  cava.     Of  course,  in  these  cases  the  medi 
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Fig.  62. 
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smallest  veins  the  media  is  formed  of  fine  con- 
nective tissue,  with  very  few  muscular  fibres 
scattered  in  the  inner  part. 

(3)  The  T.  adventitia  is  thicker  than  thai 
of  the  corresponding  arteries;  it  contains  much 
connective  tissue^  usually  arranged  longitudin- 
ally, and  not  much  elastic  tissue.  Ix>ngitiidinaHy 
arranged  muscular  fibres  occur  in  some  veins 
(renal,  portal,  inferior  cava  near  the  liver,  veins 
of  the  lower  extrtmilics).  The  valves  consist 
of  fme  fibrillar  connective  tissue  with  branched 
cells.  An  elastic  network  exists  on  their  convex 
surface,  and  both  surfaces  are  covered  by  endo- 
thelium. The  valves  contain  many  muscular 
fibres  (Fig.  62).  [Ranvier  has  shown  that  the 
shape  of  the  epithelial  cells  covering  the  two 
surfaces  of  the  valves  differs.  On  the  side  over 
which  the  blood  passes,  they  are  more  elongated 
than  on  the  cardiac  side  of  the  valve,  where  the 
long  axes  of  the  cell  are  placed  transversely.] 

The  sinuses  of  the  dura  mater  are  spaces  covered  wilh 
endothelium.  The  spaces  are  either  duplicatur»  of  ihe 
membrane,  or  channels  in  the  substance  of  the  tissue  itKlf. 

Cavernous  spaces  we  may  imagine  to  arise  \ff 
numerous  divisions  and  anastomoses  of  tolerably  large 
veins  of  unequal  catilve.  The  vascular  wall  a^iprar^  la 
be  much  perforated  and  like  a  sponge,  the  intemnl  »}nce 
being  traversed  by  threads  and  strands  of  tisue,  which 
arc  covered  with  endothelium  on  their  »urfaccs,  that  are 
in  contact  with  the  blood.  The  surrounding  wall  consisis 
of  connective  tissue,  which  is  often  ver>'  tough*  as  in  the 
corpus  cavcrnosuDi,  and  it  not  unfrcqucntly  contains  non* 
striped  muscle. 


Cavernous  Formations  of  an  analogous 
nature  on  arteries  arc  the  carotid  gland  \ii  the 
frog  (Fig.  45),  and  a  similar  structure  on  the  ptilmonary  arteries  and  aorta  of  the 
turtle,  and  the  coccy^^eai  inland  of  man  {Luschka).  The  last  structure  is  richly 
supplied  with  sympathetic  nerve  fibres,  and  is  a  convolnttd  mass  of  ampullatcd 
or  fusiform  dilatations  of  the  middle  sacral  artery  {Amoid),  surrounded  and 
]3ermeatcd  by  non-striped  muscle  l£befih). 

Vasa  Vasorum. — [These  arc  small  ve^cU  which  nourish  the  coats  of  the  arteries  and  veini. 
They  arise  from  one  part  of  a  \c<Ac\  and  enter  the  walls  of  the  same  or  another  vesKi  al  a  lower 
level.  They  break  up  chieRy  in  ihc  outer  coal,  and  none  enter  the  inner  coal. J  In  slnicture  they 
resemble  other  small  blood  vessels.  The  blood  circulating  in  the  arterial  or  venous  wall  is  icturoed 
by  small  veins. 

[Lymphatics.— There  ore  no  lymphatics  on  the  inner  mrface  of  the  muscular  coot,  or  uixler 
the  intima  in  lar)re  arteries.  They  are  numerous  in  a  gelatinous  layer  immediately  outside  the 
muscular  coat,  and  the  same  relation  obtains  in  large  muKular  veins  and  lymphatic  trunks  (//ir^'^tfM).] 

Intercellular  Blood  Channels. — Intercellular  blood  channels  of  narrow  calibre,  and  without 
wallit,  occur  in  the  granulation  tissue  of  healing  wounds.  At  first  blootl  plasma  alone  is  found 
l>etween  the  formative  cells,  but  afterward  the  blood  current  forces  blood  corpuscles  through  the 
cbaoneU.  The  first  blood  vessels  in  the  developing  chick  are  formed  in  a  umilar  way  from  the 
formative  cells  of  the  mesoblost. 

Properties  of  the  Blood  Vessels. — The  larger  blood  vessels  are  cylindrical 
tubes  composed  of  several  layers  of  various  tissues,  more  especially  elastic  tissM 
and  plain  muscular  fibres^  and  the  whole  is  lined  by  a  smooth  layer  of  endothelium. 
One  of  the  most  important  properties  is  the  contractility  of  the  vascular  wall,  in 
virtue  of  which  the  blood  vessel  becomes  contracted,  so  that  the  calibre  of  the 
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vessel,  and  therefore  the  supply  of  blood  to  a  part,  are  altered.  The  contractility 
is  due  to  the  plain  muscular  fibres,  which  are,  for  the  most  part,  arranged  circu- 
larly. It  is  most  marked  in  the  small  arteries,  and  of  course  is  absent  where  no 
muscular  tissue  occurs.  The  amount  and  intensity  of  the  contraction  depend  upon 
the  development  of  the  muscular  tissue;  in  fact,  the  two  go  hand-in-hand.  [If 
an  artery  be  exposed  in  the  living  body  it  soon  contracts  under  the  stimulus  of 
the  atmosphere  {J,  Hunter)  acting  i)fH>n  the  muscular  fibres.] 

[ActioD  or  Alkalies  and  Acids  on  the  Vascular  System. —GaskcII  finds  ttial  very  dilute 
alkalies  and  acids  liavc  n  re  mark  a  tile  ctl'ect  ori  the  blwjd  vessels  and  also  upon  the  hrnri.  A  very 
dtluie  Mlunon  of  lactic  acid  (i  part  to  10,000  pariit  of  uline  ftoluiion),  passed  thrfiugh  the  blood 
veuels  of  a  fnig,  aWavi  enlarges  the  cahbrc  of  the  blood  ve^seU,  while  aii  alkaline  soruiiou  ([  pnrt 
sodium  hr.lrate  to  10,000  nr  20,000  parts  valine  solution)  always  diminishes  their  sire,  usually  In 
^KHilutc  closure,  and  indeed  the  artificial  conMriction  of  the  blood  ve&scU  may  be  altnoat  complete. 
Ttieve  fluidi  are  antagonistic  lo  each  other  .w  far  as  regnrds  their  action  on  the  calibre  of  the  arteries. 
Micr..4coptc  observations  which  conrirmed  these  results  were  also  made  on  the  bloo<l  vesseU  of  the 
myio-hyuid  muiwrle  uf  the  frog.  Dilute  alkaliut*  sulutiuns  net  on  the  heart  in  the  same  way.  After 
R  series  of  beats,  the  ventricle  slops  beating,  the  stand  still  being  in  a  Mate  of  conlrociion.  Very 
dilute  lactic  acid  causes  the  ventricle  to  stand  still  in  the  posinon  of  complete  relaxation.  The 
action  of  the  acid  and  alkaline  solutio«B  are  antagonistic  In  their  action  on  the  ventncle.  Goskell 
aiucbes  considerable  imjwnance  to  the  "ionic"  and  "atonic"  conditions  of  the  whole  vastcubr 
system  produced  by  very  dilute  eolultons  of  alkalies  and  acids  rcipectively.] 

[Other  Drugs. — Cash  and  Brunton  fiiitl  that  dilute  acids  have  a  tendency  to  increase  the 
transuiUtion  tbruugh  the  vesseh  and  produce  adema  of  ihe  fiurfcunding  tissues..  They  also  ob- 
served that  barium,  calcium,  strontnim.  copper,  tron,  .in<l  tin  produce  contraction  of  the  blood  vesseU 
when  wlutions  of  their  salts  are  driven  through  them,  while  the  same  eflcct  is  produced  by  very 
dilax  solutions  of  potassium.  Nicoiin,  atropin,  and  chloral  differ  in  their  action,  according  to  the 
dose.  In  these  experiments  the  effeiil  was  ascertained  by  the  amount  of  fluid  which  6owed  out  of 
the  vessels  in  a  given  time.] 

That  the  capillaries  undergo  dilatatiun  and  contractiun,  owing  to  variations 
in  size  of  the  protoplasmic  elements  uf  their  walls,  must  be  admitted. 

.*><rickeT  has  desaibed  capdlaries  as '-protoplasm  in  tuttes,"  and  observed  tliat  Ihcy  exhibited 
movements  when  stimulated  in  living  animals.  (Jolubew  described  an  active  slate  of  contractiun  of 
the  capillary  wall,  but  he  rej>arded  ttie  nuclei  as  ihe  parts  which  underwent  change.  Tarclunoff 
found  lliat  mechanical  ur  elcdrical  Slimulaliun  caused  r  change  in  the  shape  and  si^e  of  the  nuclei, 
so  that  he  legards  these  as  the  actively  contradile  parts.  [Sevcriiii  alao  attaches  great  importance 
to  the  contractility  of  the  capillarit:^  an<t  especially  <jf  their  nuclei  o^  inlluencing  the  blood  stream. 
»tygco  acts  on  the  nuclei  of  the  capilhtry  wnll  ^mcmltrana  nictitans  of  fro^)  and  causes  \\\\:\\\  to 
swell,  while  CO,  ha*  an  oppo^te  ctfect.  The  circulaiiun  through  a  lung  suddenly  filled  wiih  O 
or  atmospheric  air,  is  at  liist  very  rapid,  but  raon  becomes  small,  while  with  CO,  the  circulation 
remains  constant-]  Strieker's  observ at ioits  were  made  on  the  caftillanes  of  tadpoles.  These  phe* 
numena  liecanie  less  marked  as  Ihe  animal  became  older.  Kougct  observed  the  same  result  in  Ihe 
capillaries  of  new-born  mammals.  As  the  capillaries  are  excessively  thin  and  delicate,  and  as  they 
arv  viit  btiuctuies,  it  is  ulivi<^us  that  the  lorm  of  the  m'lividual  cells  must  depend  to  a  con<>iderable 
extent  \%\»it\  the  degree  to  which  the  vfs,scls  are  hlled  wilh  blmid.  In  vessels  which  arc  distended 
«'iih  blo-jd  the  endothelial  cells  arc  tlnitened,  but  when  the  capillaries  are  collapsed,  they  project 
more  or  los  into  ihe  lumen  of  Ihe  \esscl  \A'<-naui)., 

It  is  a  Well-known  fact  thai  the  capillaries  present  great  variiUions  in  their  diameter  at  different 
tifncs.  j\s  these  variations  are  usually  accompanied  by  a  corresponding  contraction  or  dilatation  of 
the  arteriulcs,  it  is  usually  assumed  that  the  Vdriations  m  the  diameter  of  the  capillaries  are  due  to 
diffirrences  of  the  pressure  within  Ihe  capilUric?!  thimselvci.  vit,  lu  the  elasiicity  of  their  walls. 
t*cry  line  is  agreed  that  the  capillaries  are  very  elastic,  but  the  experiments  of  Roy  and  Graham 
Itrown  shuw  tiiai  ihey  are  conirnctitc  as  well  as  elastic,  and  these  observers  conclude  that,  under 
nont1.1l  conditions,  it  is  by  the  conlracitUiy  of  the  capillary  wall  a-^  a  whole  that  the  diameter  of 
Incse  vessels  is  changed,  and  lo  all  Ap[K;.trance  (heir  contractility  ts  constantly  in  action.  "  The 
ifuliudual  capillanes  iin  all  probability)  contraa  or  expand  in  accordance  with  the  reijuircments  of 
itic  tiMucs  through  which  they  pas&.  The  regulation  ol  the  vascular  blood  tlow  is  thus  more  com- 
plete lh,ui  is  usually  imagined"  {/(oy  anti  Crahttm  Urmim). 

Physical  Properties. — Amon^  the  physical  properties  of  the  blood  vessels, 
elasticity  ts  the  most  important ;  their  elasticity  is  smail  in  amnunf,  i.  e.,  they 
offer  little  resistance  to  any  force  applied  to  them  so  <ts  to  distend  or  elongate 
tDein,  but  it  \s ptrfect  inquttUh't  i.  e.,  the  blood  vessels  rapidly  regain  their  original 
ii/c  and  form  after  the  force  distending  them  is  removed. 
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[Uses  of  BUslicity. — The  elasticity  nf  the  arteric*  is  of  the  utmort  importmnce  in  nidiog  Ac 
conversion  of  ihe  unei]uat  movement  ol  the  blood  in  the  large  arteries  into  a  unifonn  How  In  the 
capillaries.  P..  H.  Wel>cr  compared  the  ela.siic  M-al)  of  (he  artt:rie<t  with  the  air  in  the  air  chamber 
of  a  6rc-cngtne.  In  both  ca^ca  aa  etosilic  medium  is  acted  u|>on—  the  nir  in  the  one  case  and  the 
ebuic  tissue  in  the  other — which  in  (urn  presses  upon  the  fluid,  propelling  it  onward  conlinoally. 
while  the  action  of  the  pump  or  the  heart,  as  the  case  may  be,  ia  intermittent.  The  ordiiury  ^l^ray 
prrj'lucer  acts  on  this  fmnciple.  A  unifurm  spray  or  jet  is  obtained  by  pumping  intemiittenily,  bat 
only  when  the  resistance  is  nich  u  to  bring  into  aaion  the  elasticity  of  the  bag  between  the  pomp 
and  the  spray  orifice.] 

According  to  E.  H.  We!»er,  Volkmann  and  Werihelm,  the  elongation  of  a  blood  vessel  (and 
most  moitf  Ituues]  is  not  proportional  to  the  weight  used  to  extend  it,  the  elongation  being  rela- 
tively less  with  a  large  weight  than  with  a  small  one,  wo  that  the  curve  of  extension  is  nearly  [or, 
at  least,  bears  a  certain  relation  to]  a  kyf^rbota. 

According  to  Wundt,  we  have  not  only  to  consider  the  extension  produced  aX^nt  by  the  weight, 
hut  aUo  (he  sul»ei)uent  "elastic  after-effect,"  which  occurs  gradually.  The  elongation  which 
takes  place  during  tKe  la-tt  few  momcni.t  occurs  so  iilowly  and  so  gradually  that  it  is  well  to  otrscrre 
the  eftect  by  means  of  a  magnifying  lens.  Varialions  from  ihe  general  law  occur  to  this  extent, 
that  if  a  certain  weight  U  exceeded,  less  extension,  and,  it  may  b«,  permanent  elongatiun  of  the 
anery  not  unfre<|uenily  occur.  K.  liartteleben  found,  especially  in  veins  elongated  to  40  or  50  per 
cent,  of  their  original  length,  that  when  the  weight  employed  increased  by  an  equal  amount  each 
time,  the  elongation  was  proportional  to  the  square  root  of  the  weight.  Thirt  i»  apart  from  any 
elastic  after  efl^ect.  Veins  may  be  extended  to  at  least  50  per  cent,  of  their  length  without  passing 
the  limit  of  their  cliuticity. 

[Roy  has  made  careful  ex[>erimems  u|x»ii  the  elastic  properties  of  the  artfn<7f  rtuiU,  A  portion 
of  an  artery,  9u  ttiat  it  could  be  distended  by  any  desired  internal  prc«4ure,  was  enclosicd  in  a  small 
vessel  containing  olive  oil.  The  small  vessel  with  oil  was  arranged  in  the  same  way  as  in  Fig.  5J 
for  the  heart.  I'he  variations  of  the  contents  were  recorded  by  nieaiib  of  a  lever  writing  on  a  revolv- 
ing C)  linder.  The  aorta  and  othtr  large  arteries  were  found  to  be  most  elastic  and  most  disien. 
sible  at  pressures  corresponding  more  or  less  exactly  to  their  normal  bluod  pressure,  while  in  X'rimi 
the  relation  between  internal  pressure  and  the  cubic  capacity  is  very  different.  In  them  the  maxi- 
mum of  distcnsibitity  occurs  wiih  prci-sures  immediately  atwve  zero.  Speaking  generally,  the  cubic 
Capacity  of  an  artery  \s  greatly  increased  by  raising  the  intra  •arterial  tension,  say  from  zero  to  alNjut 
the  normal  internal  pressure  which  the  artery  sustains  during  life.  Thus  in  the  rabbit  the  c&pacily 
of  the  aorta  was  rjuadrufiUJ  by  raising  the  intra-arterial  pre.<tsure  from  zero  to  3oo  mm.  Ilg,  while 
that  of  the  carotid  was  more  than  six  times  greater  at  that  pressure  than  it  was  in  ihe  undistended 
condition.  The  pulmonary  artery  is  distinguished  by  its  excessive  elastic  diatensibiliiy.  Its  capa- 
city (rabbit)  wa.s  increased  more  than  twelve  times  on  raising  the  internal  preiunire  from  zero  to 
about  36  mm.  Hg.  Veins,  on  the  other  hand,  are  distinguished  by  the  relatively  small  increase  in 
their  cubic  capacity  produced  by  greatly  raising  the  internal  pressure,  so  that  the  enormous  changes 
in  the  capacity  of  the  veins  dunng  life  are  due  Icsa  to  <litfcrcnces  in  the  pressure  than  to  the  gical 
differences  in  the  quantity  gf  blood  which  they  contain  {,Ri>y').\ 

Pathological.— Intcrfdrence  with  the  nutntion  of  an  artery  alters  its  elasticity  [and  that  in  cases 
where  no  structural  changes  can  l>e  found.]  Marasmus  preceding  death  causes  the  arteries  to 
become  wider  tlian  normal  (j^Vf).  Age  also  influences  (heir  elasticity — in  some  old  people  tbcy 
become  atheromatous  and  even  calcihed.  [The  ratio  of  expansion  of  strips  of  the  aortic  wall  to 
the  weights  employed  to  strtlch  them,  remaius  much  the  same  from  childhotxl  up  to  a  certain  age 
i^koy).-\ 

Cohesion. — Blood  vessels  are  endowed  with  a  vcr)'  large  amount  of  cohesion, 
in  virtue  of  whicli  ihey  are  able  to  resi>t  even  considerable  internal  pressure  with- 
out giving  way.  The  carotid  of  a  sheep  is  ruiUiired  only  when  fourteen  times  the 
usual  pressure  it  is  called  upon  to  bear  is  put  upon  it  ( Volkmann),  A  greater 
pressure  is  required  to  rupture  a  vein  than  an  artery  with  the  same  thicknt:ss  of  its 
wall.  The  carotid  of  a  dog  resists  50  times  the  blood  pressure,  the  jugular  \t\Xi 
about  the  half  of  this  (  Grihant  and  Quint/uand). 

Pathological. — The  cohesion  of  the  ariehes  is  diminished,  csjiecially  in  old  age. 

66.  THE  PULSE— HISTORICAL.— Although  the  movement  of  the  pulse  in  tb«  super- 
6cia1Iy  placed  arteries  was  known  to  the  ancients,  still  the  pulse,  as  it  was  affected  by  disease,  was 
more  studied  by  ihe  older  physicians  than  the  normal  pulse.  Hippocrates  (460  lo  337  H.  c)  qieaks 
of  the  former  as  ^<ft/jrno<i,  while  Herophilus  (300  b.  c.)  contrasted  the  normal  pulse  (ncU^^) 
with  the  pulse  of  disease  (<Tf  u^/ioy).  He  lays  special  stress  upon  the  relative  time  occupied  by 
ihe  dilatation  and  contraction  of  the  arterial  tube,  and  compares  ihe«e  phenomena  with  the  notes  of 
music.  He  established  the  fact  that  the  rhythm  of  the  puUe  varies  in  the  ncwly-bom,  in  the  adult, 
and  in  the  aged.  Fuither,  he  dL^tnguixhed  the  sise,/u//Hess,  <fui(knejs  sx\A  /rtqueney  of  the  poUe. 
ErayistratuK  ^f  280  B.  c),  a  contemjurary  of  Herophilus,  made  correct  oh»ervaiions  on  the  fultt 
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He  points  uut  that  the  pulse  occurs  sooner  in  arteries  near  the  heart  than  in  those  placed 
further  away  from  it,  because  the  i>ulse  proceeiling  from  the  heart  juisses  toward  the  ]>eriphcry. 
F.ra«iMnitus  pbccft  a  cnnnuLa  in  ihe  courKc  of  an  artery,  and  he  found  that  the  pulse  could  still  be 
felt  an  the  distal  side  of  this  point.  Achigenes  gave  the  name  dU-rotU pulse  to  a  condition  which  he 
had  observed  in  fchrilc  Males.  Gfllen  ( 131  to  202  A.r>.)  gave  Tnore  eacaci  details  u  to  ihe  relation's 
of  the  diUlatinn  and  contractinn  of  tne  arteriex  during  the  movement  of  the  pulse,  and  supplied 
much  information  on  the  pulse  rhythm,  and  the  infliience  of  icm|>crameni,  a^e,  sex,  period  of  the 
vcar.  climaie,  sleep  and  waking,  cold  and  warm  baths,  on  its  rote  and  other  qualities.  Cusanus 
(1565)  was  the  htst  person  to  count  the  puls«  heals  with  the  aiil  of  a  walch. 

67.  INSTRUMENTS  FOR  INVESTIGATING  THE  PULSE.— 

[The  characters  of  the  pulse  may  be  investigated  by: — 

I.  The  eye  (inspection.^ 

2-  The  finger  {palpation,') 

3.   Instruments.] 
[Two  or  three  fingers  are  placed  over  the  course  of  the  radial  artery,  and  the 
various  phenomena  in  connection  with  the  pulse  are  noted.     It  lakes  much  prac- 
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Poii«uiUe'k  pul»c  niNtuircr     «,  a,  cxpoud  artery :  K,  K,  the  box  conslatiog  oi 
two  piece*  :  t',  vcnicaf  tube,  with  teak  atucbtd. 


SphygTDixnctcT  of  Herl* 
ftOB  and  CbeliiH. 


lice  for  the  physician  to  acquire  the  tactus  cruditus,  and,  notwithstanding  the 
value  of  instruments,  every  physician  should  make  a  careful  ?»ludy  of  (he  pulse 
beat  with  his  finjjcr.] 

The  individual  phases  of  ihe  movement  of  the  pulse  could  only  be  accurately 
investigated  by  the  application  of  iustrumenh  to  the  arteries. 

(]  ]  PoiseulUe's  Box  Pulse  Measurer  (iBa^). — An  anery  (Hg.  63,  fi.  a\  is  exposed  and 
^pUectl  in  an  ob|nn|:;  box  (K,  K)  tilled  with  an  inditferent  fluid.  A  vertical  tul)e,  with  a  scnle 
MlAche^.  cuinmuriicaies  with  the  inieiior  of  the  box.  The  column  of  fluid  undergoes  a  variation 
with  every  pulse  beat. 

(2)  HeriBBon't  Tubular  Sphygmometer  consists  of  a  glaia  tulte  whose  lower  end  ts  covered 
with  an  elastic  [iienihrBne  ( Fig.  64).  The  lube  is  partly  filled  with  Hr.  The  mcfflbnine  is  placed 
over  the  position  of  a  pulnniing  artery,  so  thai  its  T>eal  cjiusex  a  movement  in  Ihe  llg.  Cheliui  used 
B  ntnilar  inMrunicni.  and  he  succeeded  with  ihi>  instrument  in  showing  the  existence  of  the  double 
t^bcal  {dicTcii^ni)  ill  the  nnrnml  pulse  (1S50). 

(3)  Vierordt'a  Sphygmograph  Iia55>. — In  lhi«,  one  of  the  earliest  sphvgmographs.  Vicrordl 
departed  from  the  principle  of  a  tluauaiing  fluid  column,  and  ailuptetl  (he  principle  of  the  tttttr. 
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Vpon  (he  artery  rested  a  small  pad.  which  moved  a  complicated  system  of  leven.  At  Rnt  he  used 
fl  ktraw  6  inches  long,  which  rrsltd  on  the  artery.  The  point  of  one  of  ihe  levers  inscribed  its 
tnovetnenis  u^>on  a  revolving  cylinder.     This  in^tniment  wm  soon  discarded. 

(4)  Marey's  Sphygmo^raph  consists  uf  a  comhinaJion  of  a  lever  with  an  elastic  spring.  It 
consists  of  ail  ela»iic  spring  (Kig.  65.  A)  fixed  at  one  end,  2,  free  ai  the  other  end,  and  pr«Tided 
with  an  ivory  pad,  r,  which  is  pressed  hy  the  spring  upon  the  radial  artery.     On  the  upper  sarCtce 

Fig.  65. 
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Scheme  of  Marey'*  •phygm.-^raph 
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kioti  of  A  :  S,  aminjenierit  for  fixing  llic  Initrumcnt  to  the  am  of  the  pniienL 


A.  spHne  u-ltti  ivi>ry  pad,  _y,  which  re*l»  on  the  arlrry 
i  iiilw  / ;   w,  wrllinu  lever ;    P.  piece  at  tTiiiikcd  gU^  ur  l>i>per  mmrcil   by  cltickwark,  U  ; 


r,  weak  tprifitc  pT«»Ufis 
H,  vcrcw  to  limit  cxcnr- 


Fto.  66. 


A'  K 


/ 


^  yl^^^^H^^Bi ' 


iAiny'*  Improved  tphygmogniph,  as  u^ed  wl>eii  »  tracing  it  taken.    A,  «leel  iprinij  ,    II,  fir-i  lever  ;   C.  writing  tcvcr; 
C,  ill  fne  writing  end  ;    l>,  vrew  fiw  brinaira  R  in  cnntjici  with  C;  G,»lidc  with  «imiifctrl  ]iaprr  :   H.  clorkwnr^ 
L.  Kcrcw  lot  mcrcjuing  the  pm>!>urc  :  M,  uiuT  indii:aliiig  tlic  ntnaitni  of  prc&«urc  .  K.,  K,  ftltapt  for  6iing  the  ift. 
•Irument  ii>  ihi  arm,  and  lh«  ann  lo  tlie  doublv- inclined  pUn«  or  s\tppon  {Byram  0rajwm#//j 


Fig.  67. 


Ftc.  68. 


[Frc  A7. — ^^cheme  *howinB  the  e««enlla1  pan  or  the  instrument  ni>A^i«  t'm  warh'nf  artitr,  i.  r  ,  ihc  itimed  iin  knife 
edge.  B".  of  the  »hort  Icrcr  in  contact  with  the  writinK  lever,  t.  Evcr>'  movement  of  the  iieel  \\\r\t\^  at  A  .  i.r  , 
the  anery,  wiil  in  ihi»  p<i«itiun  be  ((Knmunicuctl  tti  the  wnlltig  le»cr.] 

[Fin.  68. —Scheme  «howin([  the  eatenlul  paruofthe  \f\nr\imeM«t/itr  imcre<Mt  f/ ihf  frr^ttnrf.  The  knife  e<l^,  B", 
U  wo  longer  in  contact  with  the  writing  lever,  and  the  roovemenu  of  the  stcrl  spnng,  A",  r,  *■„  (he  artery,  are  bo 
lonccr  ccmmiinicaled  Id  it  In  order  to  put  the  instrument  into  workitig  order,  the  knire  edge.  B",  mittt  be  ratted 
to  Uic  piMitiun  iiidicaud  by  the  dotted  Uoes.     TliU  in.  effected  by  mean*  of  the  tcrew,  U  (Bjfrtttm  BrMtm-u*//).] 


of  the  pad  there  is  a  vertically-placed  fine-toothed  rod,  i,  which  is  pretcied  upon  hy  a  weak  aprioK. 
e,  so  ihai  its  teeth  dovetail  with  sitnilar  teeth  in  ihc  small  wheel,  /,  from  whose  axis  there  projects 
a  lon^,  light,  wooden  tevcr,  i'.  running'  nearly  parallel  with  the  elastic  iipring.  This  lever  has  a  Ane 
style  at  its  free  end,  i.  which  writes  upon  a  smukcd  plate.  P,  moved  hy  clocVwork.  U,  in  front  of 
the  style.  Marey's  intirument.  as  improved  by  Mahomed  and  others,  has  heen  very  largely  used. 
[Its  more  complete  form,  as  in  Fig.  66,  where  it  is  shown  api}lied  to  the  ann,  cotiaiaU  of— (t)  a 
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Yto.  71.  table,  and  place  his  ann  on  the  dcwUein- 

cliiied  plane  (Fig.  r>6).  In  ihe  newer  fojm 
of  imtniment,  the  lid  of  the  box  U  so  arranged 
OS  to  unfold  (o  make  this  support.  The  (ingen 
ougSt  lo  he  sctni  flexed.  Mark  the  pmition 
of  the  roiiial  artery  with  ink.  See  that  the 
clockwork  is  wound  up.  and  apjily  the  ivoty 
pad  exactly  over  the  radial  artery  where  tl 
!ic5  upon  the  radins,  fixing  it  to  the  arm  hy 
the  non  elastic  straps  K,  K  (Fig.  66).  Fix 
the  slide  holding  the  smoked  paper  in  pon- 
lion.  The  Ixst  paper  to  use  i$  that  with 
a  ver>'  smooth  »iurface  (allmminized  or 
enameled  card),  smoked  over  the  flame  of 
a  turpentine  lamp  or  over  a  piece  of  burning  camphor.  The  writing  style  is  so  arrnngcd  at  lo 
write  upon  the  smoked  pagier  with  the  least  possible  friction.  The  most  importont  part  of  the 
process  is  to  regulate  the  pres'iure  exerted  upon  the  artery  by  means  of  the  milled  head,  L.  Thi» 
ODUsi  be  delcrmined  for  each  (ulsc,  but  the  rule  is  to  graduate  the  pressure  until  the  greatcki 


Vj^  M    w' 


>ptiy];mDgniin— prcBiure  j  ounces. 


Fic  73. 


r 


■^ 


J 


>9^' 


Schemt  of  Brondjec»t'«  fphycmograph,  on  Ihe  principls  of  UphAm  nnd  Marey's  lafnl>oun.     S,  S'.  reccMnx  uti' 
recording  (S.  S')  umboun  with   writing  Icvcn,  Z  and  7J ;  K,  K'.  canductinu  tubes  :  /,  over  neart,  /*  am  a 
dtoOst  artery.    1  his  iUuftration  also  (tiow&  the  priecipka  of  Marcy's  cardio^craph. 


amplitude  of  movement  of  the  lever  is  obtained.  Set  the  clockwork  going,  and  a  iradng  is 
obtained,  which  must  be  "  fixed*'  by  dipping  it  in  a  rapidly-drying  varnish,  e.j^.,  photographic.  In 
ever)'  case,  scratch  on  the  tracing,  with  a  needle,  the  name,  date,  and  amuunl  of  presume  employed.] 

[(5)  Dudgeon's  Sphygroograpb. — This  is  a  most  convenient  form  uf  sphygmograph.  Fig. 
69  shows  its  actual  site. 

The  in.<itrument  after  being  carefully  adjusted  upon  the  ndial  artery  is  kept  in  posiiion  by  an 
inelastic  strap.  The  pressure  of  the  spring  is  regulated,  by  the  eccentric  wheel,  to  any  amount  from 
I  to  5  ounces.  As  in  other  instruments,  the  tracing  paper  is  moved  in  front  of  the  writing  needle 
by  means  of  clockwork.  The  writing  levers  are  so  adjusted  that  Ihe  movements  of  the  artery  arc 
raagnilicd  fifty  timts.] 

[Fig.  71  is  a  sphygmogram  taken  with  this  instrument  from  a  healthy  individual.  Tt  represents  a 
penect  tracing ;  a.  the  vertical  upward,  systolic  or  percussion  wave ;  6,  a|>ex  ;  r,  on  the  descent ;  •/. 
hnt  tidal  or  ]jrcdicrotic  wave  ;  f.  aortic  notch  ;  /,  tlicrolic  wave  (  /)«^f-^ow).] 

(6)  Marey's  Tambours  nre  also  employed  for  registering  the  movements  of  the  pulse.  They 
are  oaed  in  the  same  way  as  the  panspbygmograph  of  Brondgcest.  FLg.  72  shows  their  arrmnge- 
ment.  Two  pairs  of  metallic  cups  (S,  S  and  S',  S",  Upham's  capsules)  arc  pierced  m  the  middle 
by  thin  metal  tubes,  whose  free  ends  are  connecieci  witli  caoutchouc  tubes,  K  and  K'.  All  the 
four  metallic  vesseU  are  covered  with  an  elastic  membrane.     On  S  and  S'  are  fixed  two  knob.like 
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pftdi,  ^  and /',  which  arc  applied  tu  the  |nitiatin|T  arteries,  and  ihe  metnl  arcs,  R  and  H^,  retaio 
ibetn  in  potUioD.  On  the  other  tamlK)urs  are  arranged  the  u-Hiin^;  levers,  Z  and  7/.  Pressure  on 
the  one  umbour  necessarily  comprc&sc5  the  air  and  makes  the  other,  with  uhich  it  it  connected, 
expand,  ao  as  to  move  the  wTiting  lever.  This  arrangement  docs  not  give  al>so)iile]y  exact  results; 
dill,  it  is  very  easily  used  and  is  convenient.  In  Fig.  72  a  double  arraageaieni  i^  shown,  whereby 
one  instrument.  I(,  may  be  placed  over  the  heart,  and  the  other.  H',  on  a  distinct  artery. 

LaDdoia*  Angtograph. — To  a  basal  plaie,  <i,  <>.  are  Bxed  two  uptight  supports,^,  which  carry 
between  ihcni  at  their  upper  part  the  movable  lever,  y,  r,  carrying  a  rod  beantig  a  pad,  e^  directed 
downward,  which  rests  on  the  pulse.  The  short  arm  carries  a  counterpoise,  d,  so  as  exactly  to  bal 
ABCe  the  long  ann.  The  long  arm  has  fixed  to  it  at  r  a  vertical  rod  provided  with  teeth,  ft^  which 
is  pressed  against  a  toothed  wheel  firmly  fixed  on  the  axis  of  the  very  light  writing  lever,  e  f^  which 
is  npported  between  two  uprights,  q,  fixed  to  the  opposite  end  of  the  basal  plate,  G.  G.  The  writ- 
ing lever  is  equdilirated  by  means  of  a  light  weight.  The  writing  needle,  k,  is  tixed  by  a  joint  to  /. 
and  it  writes  on  the  plate,  /.     The  first  mentioned  lever,  </,  r,  carries  a  shallow  cup,  Q,  jud  atwve 

Fig.  73- 


^\ 


^ 


Scheaic  of  LandoU'  angtogrxph. 


the  pad,  Into  which  weights  mav  be  put  to  press  on  the  pulse.  In  this  instrument  the  weight  can 
kie  meauiredand  varied  ;  the  writing  lever  move;  verticalty  and  nut  in  a  cur\'e,  as  in  Marey't  appa- 
ratus, which  greatly  facilitnte^  the  measuring;  of  the  cur\'e$  (Fig.  73}. 

Other  sphygmographs  ore  u^d.  iKith  in  this  country  and  abroad,  including  thai  of  Sommerbrodt, 
which  is  acnrnpHcaicfi  form  of  Marcy's  sphygmograph, 

and  tho«e  of  Pond  and   Mach.     \n  choosing  a  tphyg-  FlC.  74. 

tMPj^ttpk.  that  inMrumcnl  xf^  10  lie  preferred  which 
yields  a  curve  corresponding  most  closely  with  the 
variations  of  the  pressure  within  the  artery,  in  which 
the  lesMance  of  the  instrument  is  small,  which  gives 
the  largeid  curve,  and  in  which  the  part  in  contact 
with  ihc  sflery  is  not  greatly  displaced  imm  Its  position 
of  e^iuilibrium  {Ma^k). 

Characters  of   a    Pulse   Curve. — In 

every  pulse  curve — Si'HV(;mogram  or  Akie- 
RiotiKAM — wc  can  distinguish  the  cistetuiin}; 
/<tr/ (ascent)  of  Ihe  curve,  t\\ea/>fx,  and  the 
descen4iing part  (descent).  Secondary  eleva- 
tions scarcely  ever  occur  in  the  ascent,  which 
is  usually  represented  by  a  straight  line, 
while  they  occur  constantly  in  the  descent. 
Such  elevations  occurring  in  the  descent  are 
called  catacrotic,  and  those  in  the  ascent,  anacrotic  {Lumiois).  When  the 
recoil  elevaiton  or  dicrotic  wave  occurs  in  a  well-marked  form  in  thcdtrscent,  the 
pulse  is  said  to  be  dUroiic^  and  when  it  occurs  twice  iri(rotic. 

Mcastirioi;  Pulse  Curves,— If  the  smolced  surface  on  which  the  tracing  is  inscribed  is  moveil 
at  a  aniionn  rale  by  mcaii&  of  the  clockwork,  then  the  height  and  length  of  the  curve  ate  measured 


PnUe  curve  of  lite  raitla!  anery  of  n  healthy  «ii. 
dtnt,  olitained  by  l^ndois'  ADKiofcraph  writhift 
upon  a  pliate  Atncbed  to  a  vibratlog  tuning 
fork.     Each  doubla  vibfallon  cormpond*  to 
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by  meant  of  an  ordinarjr  rule.     If  wc  know  the  rate  at  which  the  paper  wat  moved,  then  i(  to  tuj 

in  calculate  the  duraiioQ  of  any  event  in  the  curve.     For  exact  observation  a  low-power  microicopc 
with  a  micrometer  In  the  eyepiece  shouKI  be  ased. 

Fig-  75- 


iix: 


lioa. 


Fio.  76. 


•/ 


i 


LamUui'  bu  vphygmuKope.    ■,  tkin  over  artery;  fi.  metal  plaie  ;  /./',  gaa  :  x,f,  noutchotic  tube  lUadUi 

gai  b>umer,  t,  K>  i. 

For  the  method  of  tmokin^  the  paper  and  fixing  the  tracings  nee  p.  120. 

It  is  very  convenient  to  wnte  (he  curve  apon  a  plate  of  glass  fined  to  a  tuning<fork  kept  in  vihra- 
Every  part  of  the  curve  shows  little  elevations  (whose  rate  of  vihralion  is  known  beforehand  1. 
All  that  is  required  is  to  count  the  number  of  vihraiions 
in  order  to  ascertain  the  duration  of  any  part  of  the   curve. 

(Fie- 74)- 

Landois*  Gas    Sphygmoscope. — A  superficially  placed 
artery  communicates  its  nmvt-inenls  lo  the  overlying  skin,  and 
also  10  any  freely  movable  liorly  in  contact  with  the  skia.     In 
this  instrument  (Fig.  75)  a  thin  layer  of  air  over  the  pulMttng 
JM  anery,  a,  is  enclo»cd  by  means  of  a  thin  piece  of  metal,  which 

VM  is  10  adjusted  thai  its  concave  side  forms  a  tunnel  of  air  over 

the  artery.  The  narrow  space  between  the  metallic  wall.  A, 
and  the  skin,  a,  is  filled  with  ordinary  Ras,  one  end  of  the 
metal  shield  being  connected,  by  mean*,  of  0  mtw,  ^,  with  the 
gas  supply,  while  to  the  other  end  there  is  attached,  by  means 
of  a  short  piece  of  caoutchouc,  .t,  y.  a  beni  glass  lube,  /.  with 
a  very  small  aperture,  which  acts  as  a  gas  burner.  The  gas  is 
allowed  to  flow  ihronL!;h  the  apparatus  at  a  low  prc^xure,  and 
is  so  regulated  that  the  flame,  v,  is  only  a  few  millimetres  in 
height.  The  flame  rises  synchronoosly  with  ever>'  pulse  beat, 
and  the  dicrotic  beat  in  tfie  normal  pulse  is  quite  observable. 

Oermak  phfltographed  a  beam  of  light  set  in  motion  by  the 
mnvcmcnis  of  the  pulse. 

Hsmautography. —  Kxpose  a  large  artery  of  an  animal, 
and  diWde  it  so  that  the  stream  of  blood  issuing  from  il  strikes 
BgainM  a  piece  of  paper  drawn  in  front  of  the  blood  stream. 
A  curve  ( Fig.  76)  is  obtained  which  corresponds  very  closely 
with  the  pulse  tracing  obioined  from  a  normal  artery.  In 
addition  to  the  primary  wave,  P,  there  is  a  distinct  "recoil 
elcvaiion,"  or  dicrotic  wave,  R.  and  slight  vit>mti<ms,  /,  e,  due 
to  the  variations  in  the  elasiiciiv  of  the  arterial  wall.  The 
interest  which  att-iches  ton  cur\e  oN.iincd  in  this  way  is,  that 
it  shows  the  movements  occur  in  the  blood  itself,  and  arc 
communicated  as  waves  to  the  arterial  wait.  By  euimaling 
ihe  amount  of  blood  in  the  various  parts  of  the  curve  we  obtain  a  knowle<ige  of  the  amount  of  blood 
discharged  by  the  divided  artery  during  the  systole  and  diastole  (1./.,  the  narrowing  and  dilatation) 
of  the  artery— the  ratio  is  7  :  10.  Thus  in  the  unit  of  limt,  during  arterial  dilatation,  rather  more 
than  twite  as  much  blood  flows  out  as  happens  during  arterial  contraction. 

68.  THE  PULSE  TRACING  OR  SPHYGMOGRAM.— Analysis. 

— A  sphyginograin  or  puIsL'   tracing   consists  of  a  scries  of  curves  (Fig.  77)  eath 
one  of  which  corresj)ond.s  with  one  beat  of  the  heart.    Each  pulse  curve  consists  of — 

1.  The  line  of  ascent  {a  to  h  in  Fig.  77). 

2.  The  apex  (P  in  Fig.  79,  and  b  in  Fig.  77). 

3.  The  line  of  descent  {b  to  k). 

The  line  of  ascent,  up  stroke,  or  percussion  stroke  {SfahomeJ)  is  nearly  verti- 
cal, and  occurrs  dating  the  dilatation  of  the  artery  produced  by  the  systole  of  the 


U 


{ 


Hsnuutographlc  curve  of  the  pa*lerior 
lihUl  artery  of  a  UfK  do^.  P,  pri- 
mary i»ul«c  tr^ve :  R,  alcrtiuc  or  recall 
mvc ;  a,  t,  cicvailons  due  to  claMkity . 
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left  ventricle,  and  occurs  when  the  aortic  valves  are  forced  open  and  the  ven- 
Ericular  contents  are  projected  into  the  arterial  system.  [The  ascent  is  nearly 
vertical,  but  in  some  cases,  where  the  ventricle  contracts  very  suddenly,  as  occa- 
sionally happens  in  aortic  regurgitation,  it  is  quite  vertical  (Fig.  So).] 

The  apex  or  percussion  wave  {Mahvmfd')  in  a  normal  pulse  is  pointed. 

The  line  of  descent  is  gradual,  and  corresponds  to  the  diminution  of  diameter 
or  contraction  of  the  artery.  It  is  interrupted  by  tvio  compietily  disiinci  eiivatiom 
or  secondary  waves.  The  more  distinct  of  the  two  occurs  as  a  well-marked  eleva- 
tion about  the  middle  of  the  descent  (R  in  Fig.  79  and/in  Fig.  77)  ;  it  is  called 
the  dicrotic  wave,  or,  with  reference  to  its  mode  of  origin,  the  *'  recoii  wave," 

Fig.  77. 


of  rodLil  artery  :  preuiirc  a  oi.     Each  pan  of  the  curve  between  ibe  b3»e  ot  one  up  «troke  and  the 

B  ncK  up  tUx>lce  corrsipond*  to  a  beat  ot  th«  tie^ft,  «o  that  iKi*  fi);iirc  ihow«  five  beart  beats  and  part 

ith  :  a,  S>  =•  tbe  a&ccnt,  S.  rbe  apex  of  the  up  uroke,  and  b  ta  A   the  deiceni,  witb  an  cicvadun,  J,  calied 

th«  first  udal  or  prcdicrolic  wave.  *■,  an  anzlc  or  notch,  the  annii  notch,  y,  a  Mcr>nd  elevation,  called  the  dicrotic 

WHv*,  f,  a  kUfhi  curve,  tometimea  called  tne  Kccond  tidal  wave.     The  descent  is  continued  to  A,  where  the  aaceot 

of  the  a«at  hcarl  beat  bcKtnt. 

[As  the  descent  corresponds  to  the  time  when  blood  is  flowing  out  of  the  arte- 
ries at  the  periphery  into  tlie  capillaries,  its  direction  will  dci>end  on  the  rapidity 
of  this  outflow.  Thus,  it  will  be  more  rapid  in  paralysis  of  the  arterioles  and  very 
rapid  in  aortic  regurgitation,  where,  of  course,  much  of  the  blood  flows  backward 
into  the  left  ventricle  (Fig.  80).  In  this  case  the  artery  will  recoil  suddenly  from 
under  the  finger  or  pad  of  the  instrument,  and  this  constitutes  the  "  pul.se  of  empty 
arteries."] 

The  dicrotic  wave,  recoil  wave  [or  aortic  systolic  wave  {Bratfttveiiyi  (Fig. 

r),  rorres[>onds  to  the  time  following  the  closure  of  the  aortic  valves,  and  is  pre- 
:rded  in  the  descent  by  a  slight  depression,  the  aortic  notch. 


Irrefular  pulic  of  mitral  TV^r^ltalkHi- 

[The  tidal  wave,  or  pre-dicrotic,  occurs  between  the  apex  and  the  dicrotic 
rave  (Fig.  77</).     It  has  also  been  called  ^t  second  ventHcuhr  sysiolk  wa\*f,  as 

occurs  after  the  first  systolic  wave  or  apex,  and  during  the  contradion  of  the 
ventricle  {Bramrve//).  The  tidal  wave  is  best  marked  in  a  hard  pulse,  /.  a,  where 
the  blood  pressure  is  high,  so  that  it  is  usually  well  marked  in  cirrhotic  disease  of 
the  kidney,  accompanied  by  hypertrophy  of  the  left  ventricle.] 

[tn  some  cnstrs,  e.  x"-.  mitral  rfc^urizitatipti.  the  pre-Hicrolic  ware  m.iy  lie  present  in  lomc  pulse 
heits  •nd  Alrtent  in  otlier*  ( Fig.  78),  wlicre  the  tidal  wave  is  present  in  ihe  largest  pulse  aii'l  absent 
in  the  others,  while  the  i^a.**.  line  is  uneven.      In  mitral  Mennsis,  the  amount  of  tilood  dischaT)Te<t 
IQ  tbe  leftvenlriclc  frequently  varies,  hence  the  Tanatians  in  tbe  characten  of  the  arterial  pulse.] 
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►y  the  mass  of  blood  suddenly  thrown  into  them,  recoil  or  contract,  so  that, 
in  virtue  of  the  elasticity  (and  coniractility)  of  their  walls,  they  exert  a  counter- 
pressure  upon  the  column  of  blood,  and  thus  the  blood  is  forced  onward. 
There  is  a  free  passage  for  it  toward  the  iwriphery,  but  toward  the  centre  (heart) 
it  impinges  upon  the  already  closed  semilunar  valves.  This  develops  a  new  posi- 
tive wave,  which  is  proi»agaled  peripherally  through  the  arteries,  where  it  disap- 
pears in  their  finest  branches.  In  those  cases  where  there  is  sufficient  time  for  the 
complete  development  of  the  pulse  curve  (as  in  the  short  course  of  the  carotids, 
and  in  the  arteries  of  the  upper  arm,  but  not  in  those  of  the  lower  extremity,  on 
account  of  their  length;,  a  second  reflected  wave  may  be  caused  in  exactly  the 
same  way  as  the  first. 

Just  as  the  pulse  occurs  later  in  the  more  peripherally  placed  arteries  than  in 
those  near  the  heart,  so  the  secondary  wave  reflected  from  the  closed  aortic  valves 
^nsust  appear  later  in  the  peripheral  arteries.     Both  kinds  of  waves — the  primary 

mlse  wave,  the  secondary,  and,  eventually,  even  the  tertiary  reflected  wave — arise 

[n  the  same  place,  and  take  the  same  course,  and  the  longer  the  course  they  have 

to  travel  to  any  part  of  the  arterial  system,  the  later  they  arrive  at  their  destination. 

Tlie   following   points  regarding   the  dicrotic  wave    have   been  ascertained 

experimentally : — 

I.  The  dicrotic  wave  occurs  later  in  the  descending  part  of  the  curve  the  further 
the  artery  experimented  upon  is  distant  from  the  heart  {^Lamfms,  /S6j).  Compare 
the  curves,  Figs.  74,  84,  88. 

The  fbortest  acccEdible  coarse  »  that  of  the  carotid,  where  the  dicrotic  wave  reaches  i(s  maxiirum 
0.35  ro  0.37  KC  after  the  beginning  of  the  pulse.  In  the  opper  extremity  the  npcx  of  the  dicrotic 
wave  is  0.36  to  0,38  to  0.40  sec.  after  the  beginning  of  the  pulse  beat.  The  longest  course  is  thai 
of  the  wiehcs  of  the  lower  extremity.  The  apex  of  the  dicrotic  wave  occurs  0-45  to  0*52  to  0-59 
•ec.  alter  th«  base  of  the  curve.     It  varies  with  the  heif;ht  of  the  individual. 

t.  The  dicrotic  elevation  in  the  descent  is  lower  (iVtfi//«(7/(w),  and  is  less  dis- 
tinct {LanJois),  the  further  the  artery  is  situated  from  the  heart.  This  is  just  what 
one  would  expect,, viz.,  the  longer  the  distance  which  the  wave  has  to  travel,  the 
less  distinct  it  must  become. 

3.  It  is  more  pronounced  in  a  pulse  where  the  primary  pulse  wave  is  short  and 
energetic  {Marey,  LanJois).     It  is  greatest  relatively  when  the  systole  of  the  heart 

short  and  energetic. 

4.  It  is  greater  the  lower  the  tension  or  pressure  of  the  blood  within  the  arte- 
nes  {Marty,  Lamiois),  [and  is  best  developed  in  a  so/t  pulse].     In   Fig.  79,  IX 

and  X  were  obtained  when  the  tension  of  the  arterial  wall  was  iow :  V  and  VI, 
mfJium :  and  VII  with  ht^h  tension. 

Conditions  influencing  Arterial  Tension. — It  is  diminished  at  the  beginning  of  inspira- 
tion W  74),  by  hcmiirrha^e.  Mopfsige  of  the  heart,  heat,  an  elevated  position  of  parts  of  the  body, 

lyl  nitrite ;  it  ts  increased  at  the  beginning  of  exniration  by  accelerated  action  of  the  heart,  stimu- 

ion  of  viiotnulor  nerve-,  dimini-ibed   outflow  of  ulood  at  the  periphery,  and  hy  inHammatory  con- 
'  m  (Knetkt)  \  further,  l^  certain  poisons,  as  lead;  compretsinn  of  other  large  arterial  trunks, 
(H  cold  and   cicctncityon  the   small   cutaneous  vevsrU,  and   by  impeded  outflow  of  venous 
When  a  lar^e  arterial  trunk  is  ex[xi»ed  the  simulation 

the  air  cansea  11  to  contract,  resulting  in  an  increased  ten- 

>n  within  the  vc:»k1.  In  many  diseased  cundilions  the  arterial 
lenninn  is  greatly  increaseil — \e.  g.,  in  Hrighi's  disease,  where 
the  kidney  is  contracted  ("granular"),  and  where  the  left 
renlricle  is  hypcrirophied]. 

In  all  these  conditioru  increased  arterial  tension  is  indicalerl 
by  the  dicrotic  wave  being  less  high  and  less  dJiitinct,  whib' 
with  diminished  arterial  tension  it  is  a  larger  and  aitporcnll) 
more  mdepsodent  clcvauon.  Muens  has  shi>wn  that  the  lime 
"  etwcen  the  primary  elevation  and  ihc  dicrotic  wave  increases 
rith  increase  in  the  diameter  of  the  tube,  with  diminution  of 

thickness,  and  when  its  coefficient  of  elasticity  dimini»hcs. 

[The  dicrotic  wave  is  absent  or  but  alightly  marked  in  caws 

aiheroma  and   in  aortic  regurgitation   ( Ktg.  80J.      In  (his 

irfl  observe  also  the  vertical  character  o^  the  up  stroke.J 


Fic.  80. 


Awriic  iigufBiulLgo. 
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II.     Origin  and   Characteristics  of  the  Elastic  Elevations. — Besides 

the  dicrotic  wave,  a  number  of  small,  less-marked  elevations  occur  in  the  course 
of  the  descent  in  a  sphygmogram  (Fig.  79,  ?,  c).  These  elevations  are  caused 
by  the  elastic  tube  Ijeing  thrown  into  vibrations  by  the  rapid  energetic  pul^c 
wave,  just  as  an  elastic  membrane  vibrates  when  it  is  suddenly  stretched.  The 
artery  also  executes  vibratory  movements  when  it  passes  suddenly  from  the 
distended  to  the  relaxed  condition.  These  small  elevations  in  the  pulse  curve, 
caused  by  the  elastic  vibrations  of  the  arterial  wall,  are  called  "  elastic  eleva- 
tions  *'  by  Landois. 

( i)  The  cla.stic  vibrations  increase  in  number  in  one  and  the  same  artery  with 
the  degree  of  tension  of  the  elastic  arterial  wall.  A  very  high  tension  occurs  in 
the  cold  stage  of  intermittent  fever,  in  which  case  these  elevations  are  well  marked. 
la)  If  the  tension  of  the  arterial  wall  be  greatly  diminished  these  elevations 
may  disapjK'ar,  so  that,  while  diminished  tension  favors  the  production  of  the 
dicrotic  wave,  it  acts  in  the  opposite  way  with  reference  to  the  "elastic  eleva- 
tions." (3)  In  diseases  of  the  arterial  walls  affecting  their  elasticity,  these  eleva- 
tions are  either  greatly  diminished  or  entirely  abolished.  (4)  The  further  the 
arteries  are  distant  from  the  heart,  the  higher  are  the  elastic  elevations.  (5} 
When  the  mean  pressure  within  the  arteries  is  increased  by  preventing  the  outflow 
of  blood  from  them,  the  elastic  vibrations  are  higher  and  nearer  the  apex  of  the 
curve.  (6)  They  vary  in  number  and  length  in  the  pulse  curves  obtained  from 
different  arteries  of  the  body. 

Fig.  81. 


Development  of  tiie  PoUu  dicrDiiu.— P.  (.-nprinnt ;  P.  monocratiu. 


When  the  arm  is  held  in  nn  apright  posiiion.  after  five  minutes  the  blood  vessels  empty  themselves, 
and  collapse,  while  tlie  elasticity  of  the  arteries  is  diminished. 

69.  DICROTIC  PULSE. — Sometimes  during  fever,  especially  when  the  temperature  b  high, 
a  dicrotic  pulse  may  I'e  rdt,  each  pul^e  beat,  as  it  were,  being  compused  of  two  beats  (Kig.  79,  X), 
one  beat  being  large  and  the  other  small,  and  moie  like  an  after  t)C8i.  Both  beats  corres{K>nd  to  on* 
t)cat  of  the  heart.  The  twu  beats  arc  quite  distinguishable  by  the  touch.  The  phenomeoun  is  only 
an  exaggerated  condition  of  what  occurs  in  a  normal  pulse.  7~kf  leHsihle  teconii  btat  it  noihmj^  more 
than  thegnath  increaud diiretic  ftfvatton,  which,  under  ordmary  conditions,  is  not  felt  by  the  6tiger. 

Conditiona. — The  occurrence  of  a  dicrotic  pulse  \^/az>0i<ii  ( t )  by  a  shoft  primaty  pulse  wave,  as 
in  fevers,  where  the  heart  beats  rapidly. 

(2)  By  d'i'mmtVAr>y  tcHMun  within  the  arternil  system.  A  short  systole  and  diminished  Brtenil 
blood  pressure  are  the  most  favorable  conditions  for  causing  .1  dicrotic  pulse.  [So  that  dicrotism  ts 
best  marked  in  a  soft  pulse.]  The  double  beat  may  be  felt  only  at  cenain  parts  of  the  arterial 
system,  while  at  other  parts  only  a  ?»inglc  l>cat  is  felt.  A  fiivoiitc  site  is  the  radial  artery  of  one  or 
other  side,  where  conditions  favorable  to  its  occunence  appear  to  exlM.  This  seems  to  be  due  to  a 
local  diminution  of  the  blood  pressure  in  this  area,  owing  to  the  paml}-sts  of  its  vasomotor  nerves 
{Lam/ois).  If  the  tension  be  increased  by  compres.Mng  other  large  arterial  trunks  or  the  vciinof  the 
part,  the  double  heat  becomes  a  simple  pulse  beat.  The  dicrotic  pulse  in  fever  seems  In  be  due  to 
the  increased  temperature  (39°  1040°  C),  whereby  the  artery  is  more  distended,  and  the  heart  beat 
is  shorter  and  more  prompt  [j^ief^el). 

(jl  It  is  absolutely  necessary  that  the  elastuity  of  the  arttriat  until  bt  u^rmat.  The  dicnfttc 
pulfic  does  not  occur  m  old  persons  with  atheromatous  arteries  { Lanxicis). 
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Monocrotic  Pulse. — In  Fi]j.  Si,A,  B,  C,  wc  obscrvi!  the  gradual  pait&age  of  the  nnrmiil  rndial 

carve.  A,  into  the  dicrutic  beat,  B  and  C,  wliere  ttie  dicroitc  wave,  r,  appears  as  an  independent 
^^^leviuion.  If  the  frequency  of  ihe  pulse  increases  more  and  more  in  fever,  the  next  following  pulse 
^^BjCat  may  occur  in  the  ascending  part  of  the  dicrotic  wave,  D,  E,  F,  and  it  miy  even  occar  close  to 
^^■k  apex,  G  (P.  capriuas).  Ifthe  next  following  beat  occurs  in  the  depression,  i,  between  the 
^^■rima^  elevation,  /.  and  the  dicrotic  elevation,  r,  the  latter  entirely  disappears,  and  the  curve,  K, 
^Htaaumcs  what  I^ndois  calls  the  "  monucrotic  "  type. 
^^    [Degrees  of  Oicrotism. — When  the  aoitic  notch  reaches  the  respiratory  or  base  line,  the  tidil 

wave  having  disappeared,  the  pulse  is  said  to  be  Fully  dicrotic. 

When  the  aortiC  notch  falls  bcluw  the  base  line,  /.  i*.,  below  where  the  up  stroke  begini,  the  pulse 

is  aoid  to  be  byperdicrotic  {Vi^.  82}.     This  form  occurs  during  high  fever  (104°  F.),  and  is  usuaJly 

■  grave  sign,  indicating  exhaustion  and  the  need  for  stimulants.) 

70,  CHARACTERS  OF  THE  PULSE.— I.  Pulsus  Frequenaand  Raros.— Frequency. 
— According  OS  a  greater  or  less  www^fr  (»/■  (V(7/i  occur  In  a  given  lime,  ^.^.,  per  minute,  the  pulae 
is  said  to  he  frequent  or  rare.  Tlie  normal  rale,  in  man  ^  71  per  minute,  and  Mimewhot  more  in 
the  (emate ;  in  fever  it  may  exceed  i3o  (250  bavc  t>een  counted  by  Ikiwle^),  while  in  other  diseases 
it  may  fall  to  40,  and  even  to  to  15  {t/f  //aen),  17  {//artcj;)^  and  14  {CorHi/)\  but  such  coses  are 
rare,  and  are  probably  due  to  on  oHcction  of  the  cardiac  nerves  (^  41 ).  The  frequency  of  the  pulse 
is  usually  increased  when  the  re^piniiions  are  deeper^  but  not  more  numerous,  i.  ^.,  rapid  shallow 
respirations  do  not  affect  the  fre  luency  uf  the  pulse,  but  deep  respirations  do  i^KnoU), 
~  9L  Pulsus  Celer  and  Tardus.— Celerity  or  Rapidity.— If  the  pulse  wave  is  developed  so 
at  the  Jistentinn  of  the  artery  slowly  reaches  its  hcigl.1l,  and  the  relaxation  also  takes  plice  gradu- 
iTly,  we  have  the  p,  ranluii  or  s/oic  puUc.  the  opposite  condition  gives  rise  to  the  p.  ccler  or  quid 
fwjiic.  1  he  rapidity  of  the  pulse  is  incrcaseii  by  quick  action  ol  the  heart,  power  of  expansion  of 
the  arlenal  walls,  co-ty  ctUux  ol  blood  owing  to  the  dilatation  of  the  siraall  arteries,  and  by  nearness 
10  the  heart.  [The  tfHifkness  has  reference  to  a  sin^/e  pulse  beat,  the  frequency  to  a  number  of 
beats.]  Id  a  quick  pulse,  the  curve  is  high  and  the  angle  at  the  apex  is  acute ;  while  in  a  slow 
pttUe  the  osceot  is  low  and  the  angle  at  the  apex  is  large. 

Fn:.  82. 

Hypcnllcrocic  pulic 

3.  condttlons  affecting  the  Pulse  Rate. — Frequency  in  Health, — In  man  the  normal  pulse 
te  ^71  10  72  beats  {>er  muiuic;  in  the  female  about  So.     In  some  individuals  the  pul^e  rale  may 

higher  (90  to  Joo),  in  otiicis  lower  (50),  and  such  a  fact  must  be  borne  in  mind.     'J  he  fallowing 

ditions  mduence  it : — 


{a)  Affc. 

BcAt(  per 

Minuic. 

t-ly  bora 130  lu  140 

I  ><ar 1 30  to  1 30 

^3  jtaxs 105 

[3    " 100 

:4   "     97 

5    "      941090 

to      "         al)oUl  </5 


Beats  per 

Mlnuis. 


10  to  15  years 

15  to  20  " 

20  10  25  " 

25  to  50  *' 

tic  '• 

80  '• 

80  to  90  " 


(#)  The  length  of  the  body  has  a  cenain  relation  10  the  frequency  of  the  pulse.     The  follow- 
ing resulu  have  been  obtained  by  Cjarnecki  from  the  formulx  of  Volknunn  and  Rameaux  :  — 


Length  of  Body 
la  10  cm. 
80  to    90.  . 

90  to    100.  . 

100  to  no.  . 
uoto  lio.  . 
iJOlo  130.  . 
1)0  to  140,  . 


PuIm 
CKJcuUtcd.     UlM«rv«d. 


Length  of  Body  Pul-ne 

in  10  cm.                                   Calculated.  Ulxerved. 

l40to  150 69  74 

150  to  160 67  68 

iboto  170 65  65 

17010  tSo 63  64 

above  180 60  60 


(r)  The  pttlie  rate  ts  increaitd  by  muiiuiar  aetivUy,  by  every  inereaxi  of  tMt  arterial  hldo4 

feismr*,  by  faktng  of  food ,  iuereasrJ  temperature^  painful  tenialions,  by  psyckicai  Jiiturbanees^ 

\%m  ex$rtme  dehility\     Inrreaxeii  keat,fr\tr.  or  pyrexia  increnses  the  frequency,  and,  as  a  rule, 
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the  Increase  Tsries  with  the  height  of  the  temperature.     [Dr.  Aitken  states  thu  an  increase  of  the 
temperature  of  i**  F.  above  90**  F.  corresponds  with  an  increase  of  ten  pulse  beats  per  minute; 

thus:— 


This  is  merely  an  approximate  estimate.]  It  i»  more  frequent  when  a  penton  is  Uanding  than  when 
he  lies  down,  ^fuiic  accelerates  the  pulse  and  increases  the  blood  pressure  in  di^  and  men 
iDopit/).     Exposure  (o  increa.scd  tnromctric  pres.ture  diminishes  the  frequency. 

Ihc  variation  of  the  pulse  rate  during  the  day— 3  to  6  a.m.  =  61  beats;  8  to  u}^  a.m.  =s 
74.  It  then  falls  toward  3  p.m.  ;  toward  3  (at  dinner  time)  another  increase  takes  place  aitd  goes 
on  until  6  to  8  P.M.  =:  70 ;  and  it  &lls  until  midnight  =  54.  It  then  rises  again  toward  3  A.31^ 
when  it  soon  falls  again,  and  afterward  riseSi  as  before,  toward  3  to  6  A.M. 


[PuIm  Rate  in  Animala. 

Pet  SUa. 

Elephant 25-28 

Camel 28-32 

Giraffe 66 

Horse 36-40 

Ox 45-50 

Tapir 44 

Asa 46-So 

Pig 70-80 

Uoa 40 


Lioness 68 

Tifiw 74 

Sheep 70-80 

Goat 70-80 

l^eopftfd 60 

Wolf  (female).  .    .  96 

Hyaena  .          ...  55 

Dfig 90-100 

Cat 130-140 

Fig.  83. 


Per  Mln. 

Rabhtt 120-150 

Mouse, 150 

Goose no 

Pigeon 136 

Hen 140 

Snake.  ; 24 

Carp 20 

Frog 80 

Salamander.  ...  77 

iCa/in).] 


Pulsui  ftlicmau. 


4.  Variationa  in  the  Pulae  Rhytbni.— On  applying  the  Bngers  to  the  normal  pulse,  we  feel  beat 
after  beat  occurring  nt  apparently  equal  intervals.  Sometimes  in  a  normal  M;ries  a  beat  is  omiucd 
=  pu1su.n  intermittent,  or  intermittent  pulse.  [In  feeling  an  intermittent  pulse,  we  imagine 
ur  have  the  impression  thai  a  beat  i*  omiiicH.  This  may  lie  due  lo  a  rctlcx  arrest  of  the  ventricular 
conlraction,  caused  by  digcsiive  derangement,  in  which  co^  it  has  no  great  signihcance  ;  but  if  it 
be  due  to  failure  of  the  ventricular  action,  intermittent  pulse  is  a  serious  symptom,  being  frequently 
present  when  the  muscular  walls  are  degenerated.]  At  ctlier  limes  the  beats  become  smaller  and 
smaller,  and  after  a  certain  time  begin  u  large  as  before  r^  p.  myunis.  When  an  extra  beat  ts 
intert:alaied  in  a  normal  series  =  p.  intercurrena.  The  regular  alternation  of  a  high  and  a  low 
best  =^  p.  ahemana  (  Traube)  (Fig-  S3].  In  the  p.  bigeminua  of  Traube  the  beats  occur  in 
pairs,  so  that  there  is  a  longer  pause  after  every  two  IkhIs.  I'raube  fottnd  thai  he  couKI  produce 
this  form  of  pulse  in  curan^ed  dogs  by  Mopping  the  urtiticial  r.:spiration  for  a  long  time.  The  p. 
trigeminus  and  quadrtgeminua  occur  in  the  same  way.  but  the  irregularities  occur  after  every 
third  and  fourth  beat,  Knoll  found  thut  in  animals  such  irregularities  of  the  pulse  were  apt 
to  occur,  ai  well  an  great  irregulsrily  in  the  rhyibm  generally,  when  there  is  great  rcsiirfancr 
lo  the  circulation,  and  consequently  (he  heart  has  great  demands  upon  its  energy.  The  same 
occurs  in  man,  when  an  rmproper  rclaliun  exi^u  between  the  force  of  the  cardiac  mtuclc 
and  the  work  it  has  to  do  (Xif^e/).  Complete  irrcgulariiy  of  the  heart's  action  ia  called 
■rhythmia  cordis. 

71    VARIATIONS  IN  THE  STRENQTH,  TENSION  AND  VOLUME  OF  THE 

PULSE.— Compressibility. —The  relative  strcng:th  or  compreaalbility  of  the  pulse  (p.  fortis 
and  dcbilis),  i.  /.,  whether  the  pulse  is  Uromg  or  «*fai,  is  estimated  by  the  weight  which  the  puUe  ts 
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tc  to  raise.  A  sphy^ograph,  provided  whh  an  index  indicating  the  amount  of  pressure  eiierted 
Ipon  the  spring  pressing  upon  the  ailcry,  may  be  used  (Fig.  66).  In  this  case,  as  soon  as  the 
rrssure  exerted  upon  the  artery  overcomes  the  pulse  bcul,  ihc  lever  ceases  to  move.  Tlte  weight 
em^leytd  imiicates  the  itriHi^th  vf  the  fijif,  [The  linger  may  he.  and  gcnerolly  is.  used.  The 
linger  is  pressed  upon  the  artery  until  the  pulse  beat  in  the  ancry  hcyond\\i^  point  of  i^ressare  is 
rJihicratcd.  In  health  it  requires  a  pressure  of  several  ounces  to  dn  ijiis.  HanJricld  Jones  uses  a 
Bphygmometer  for  this  purpose.  It  is  constructed  hke  a  cylindrical  letter  weight,  and  the  pressure 
^  exerted  by  means  of  a  spiral  spring  which  has  been  carefully  graduated.]  'J'hc  pulse  is  hard  or 
^/t  when  the  artery,  according  to  the  mean  blood  pressure,  gives  a  feeling  of  greater  or  less  rc^ist- 
r«nce  to  the  finger,  and  this  quite  independent  of  the  energy  of  the  individual  pulse  beats  (p.  durus 
and  mollis). 

In  estimating  the  tension  of  Ihc  artery  and  the  pulse, /.<■.,  whether  it  is  hard  m  iofl,\t  is  import- 
ant to  observe  whether  the  ancry  has  this  quality  only  during  the  pulse  wave,  i.  c,  if  it  is  hard 
daring  diastole^  or  whether  it  i^  bard  or  soft  during  the  period  of  rest  of  the  arterial  wait.  All 
arteries  are  harder  and  less  CDinpressiblc  during  the  pulse  heat  than  during  the  peritxl  of  rest,  hut 
an  artery  which  is  very  hard  during  the  pulse  beat  may  be  hard  also  during  the  pause  between  the 
pulse  beats,  or  it  may  l>c  vet)'  soft,  as  tii  insufficiency  of  the  aortic  valves.  In  this  case,  after  the  syt- 
tole  of  the  left  ventricle,  owin^;  to  (he  incompetency  of  the  aonic  semilunar  valves,  a  large  amount 
of  blood  flowt  l)ack  into  the  ventricle,  so  that  the  aitcrics  arc  thereby  suddenly  rendered  partially 
empty.  [The  sudden  collapse  of  the  artery  gives  rise  to  the  characteristic  "  pulse  of  unfilled 
arteries."     Fig.  80.] 

Under  similar  conditions,  the  volume  of  the  pulse  is  obvious  from  the  size  of  the  sphygmogram, 

that  we  speak  of  a  large  aiid  a  smaU  pulse  {p.  magnns  and  parvus).     Sometiroi^s  the  pulse  is  so 

ly  and  of  such  dimiiiishe4l  volume  that  it  can  scarcely  be  felt.     .A  iarg^  pulse  occurs  in  disease 

<iwing  to  hypertrophy  of  the  left  ventricle,  a  large  amount  of  blood  is  forced  into  the  aorta. 

Jl»ff// pulse  occur*  uuder  the  opjx»sitc  coiiiHtion,  when  a  small  amount  of  blood  is  forced  into 
the  aorta,  cither  from  a  diminution  of  the  total  amount  of  the  blood,  or  from  the  aonic  orifice  being 
iwed  [aortic  stenosis],  or  from  disease  of  the  mitral  valve;  again,  where  the  ventricle  contracts 

rbly,  the  pulse  becomes  small  and  thready. 

Compare  the  t«ro  Radials.  Sometimes  the  pulse  difTera  on  the  two  sides,  or  it  may  be  absent  on 
side.     [The  pulse  wave  tn  the  two  radials  is  often  different  when  an  aneurism  is  present  on  one 

Angiometcr. — Waldcnburg  constructed  a  "  pulse  clock"  to  register  the  tension,  the  diameter  of 
the  artery,  and  the  volume  of  the  pulse  upon  a  dial,  U  docs  not  give  a  graphic  tracing,  the  results 
being  marked  by  the  pCKsition  of  an  indicator, 

72.  THE  PULSE  CURVES  OF  VARIOUS  ARTERIES.— 1.  Carotid  {Fig.  79,  I.  11. 

[I ;   Fig,  S8,  C  and  Cj). — The  ascending  part  is  very  steep — the  ajjcx  of  the  curve  {Vx^.  79,  P)  Is 

and  high.     Below  the  apex  there  is  a  small  notch— the  "  Aortic  Notch  "  (Fig.  79,  K;— 

rhich  depends  on  a  positive  wave  formed  in  the  root  of  the  aorta,  owing  tn  the  closure  of  the  aonic 

valves,  and   propagated   with  almost   wholly  undiminished  energy  into  the  carotid  artery.     Quite 

lose  to  this  notch,  if  the  cur^'c  be  obtained  with  mininui]  friction,  the  lirst  clastic   vibration  occurs 

[^'ti'  79'  llf  ')■     AI>ove  the  middle  of  the  descending  [jart  of  the  curve  is  the  dicrotic  elevation,  R, 

luccd  by  the  reflection  of  a  positive  wave  from  the  aJready  closed  semilunar  valves.  The  dicrotic 

rave  is  relatively  small,  on  account  of  the  high  tension  in  the  carotid  artery.     After  this  the  curve 

IK  rapidly,  but  in  its  lowest  third  two  smalt  elevations  may  be  seen.     Of  these  the  former  is  due 

to  cIoAtc  vibration.     The  latter  represents  a  ifeond  ihcroUc  wave   (Fig.   79,  III,    R)    [Lnndois^ 

Af»ens),     Here  there  is  a  trnt  iritroiism,  which  is  more  easily  obtained  from  the  carotid  on  account 

of  the  shortness  of  the  anerial  channel. 

a.  Axillary  Artery  (Fig.  79,  IVJ.— In  this  curve  the  ascent  is  very  steep,  while  in  the  descent 
near  the  ajkcx  there  is  a  small  (aortic)  elevation,  K,  cause<l  by  a  positive  wave,  produceil  by  the 
closure  of  the  aortic  valves.     Below  the  middle  there   is  a  tolerably  high   dicrotic  elevation,  R, 
;))er  than  in  the  carotid  curve ;  because  in  tlie  axillary  artery  the  arterial  tension  i^  less,  and  pcr- 
[ts  a  greater  development  of  the  dicrotic  wave.     Further  on,  two  or  three  small  elastic  vibration! 

t,  e. 
3.  Radial  Artery  (Fig.  74;  Fig.  79,  V  to  X  ;  Fig,  88,   R  and  RJ.— The  line  of  ascent  (Fig. 
)]  is  tolerably  high  and  sudden —  somewhat  in  the  form  of  a  long/.   The  apex,  P,  is  well  marked, 
this,  if  the  tension  be  high,  two  elastic  vibrations  may  occur  (V,  e,  <*),  but  if  it  l»e  low  only 
(VI  to  IX,  e).     About  the  middle  of  the  cur\'c  is  the  well-marked  dicrotic  elevation,  R. 
Tlib  wave  is  least  pronounced  in  a  small,  hard  pulse,  and  when  the  artery  is  much  distended 
^ig.  79,  Vll,  Rj);  it  IS  larger  when  the  tension  is  low   (Fig.   79,   IX,   K),  and  is  greatest  of  all 
^bcn  the  pulse  is  dicrotic  (\,  R).     Two  or  three  small  elastic  elevations  occur  in  the  lowest  part  of 
\t  curve. 

Femoral  Artery  (Fig.  79,  XI,  XII). — 'ITie  ascent  is  steep  and  high — the  ajwx  of  the  curve  is 
not  unfrequeiiily  broad,  and  in  it  the  closure  of  the  aortic  valves  (K)  is  in'licated.     The  curve  folU 
ipidly  toward  lis  Inwest  third.     The  dicrotic  elevation,  K,  occurs  late  after  the   beginning  of  the 
re,  and  tliere  ore  also  small  elastic  elevations  {e,  e), 
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Fig.  S4. 


Curve  ol  po«i«rior  litilal.  Wrllien 
l>y  ihc  unsioKraph  upon  ■ 
vibrating  putt  atuchea  to  a 
tunittK  fork. 


5.  Pedal  Artery  (Kig.  79,  XIV,  XV^and  Posterior  Tibial 
(Fig.  S4  and  Kig.  79,  XIII). — In  jiulive  curves  oUaincd  from 
ttic&e  arteries,  there  ore  well  marked  indicatiuns  thai  the  apPA- 
raius  (heart)  producing  the  waves  »  placed  at  a  considerable 
di&taucc.  The  ascent  is  oblique  and  low — the  dicrotic  eJevatioo 
■.Kzcurs  lale.  Two  elastic  vibrations  (Fi^.  79,  XIV,  r,e)  occur  in 
the  descent,  but  they  are  very  close  to  the  apex,  while  the  eliulk 
vibrations  at  the  lower  part  of  the  curve  are  feebly  marked, 
Fiy.  S4  is  fnmi  (he  posterior  tibial.  When  measured,  it  gifc* 
[he  following  result : 

I  lo  2 9.5  ] 

I  to  3  .    .    , 20      It  vibration  ts  ^ 

I  to  ♦ 30.5   I  ,  0.01613  »«, 

1  to  6 61      I 


73.  ANACROTISM. — As  a  general  rule,  the  line  of  ascent  of  a  pulfc  curve  has  the  form  of 
*n/,  and  is  nearly  vertical.  The  arterial  walls  are  thrown  intn  elastic  vihmlion  by  the  puUe  beat, 
and  the  number  of  vibrationK  depends  greatly  upon  the  tcnsinn  of  the  arterial  walls. 

The  distenllun  of  the  artery,  or  what  ix  the  same  thin^.  the  asceni  of  tlie  sphygroogram,  usually 
occurs  so  rnpirlly  that  it  is  equal  lo  onr  etaxtic  vibration.  The  elongated  /shape  of  the  osccni  i* 
fundamentally  just  a  prolonged  elastic  vibration.  When  the  number  of  vibrations  causing  the 
elastic  vibration  is  small,  and  when  the  line  of  ascent  is  prolonged,  two  elevations  occasionally  occur 
in  the  line  of  ascent.  Such  a  condition  may  occur  normally  (Fig.  79,  VIII  nl  1  and  2;  X  ol  I  ami 
3).  When  a  xerieK  nf  clovely  placed  elastic  vibrations  occur  in  the  upper  part  of  the  line  of  nf^'cni, 
*o  that  the  apex  appears  dentate  and  forms  an  angle  with  the  line  of  ascent,  then  the  eondiliofi 
becomes  one  of  Anacrotism  { Fig.  S5.  </,  it),  which,  when  it  becomes  so  m.irkcd,  may  be  charac- 
terixed  OS  pathological  (/.aui/ois).  Anacrotism  of  the  pulse  occurs  when  the  time  of  the  iatlax  of 
the  blood  is  longer  than  the  time  occupied  by  an  elo&tic  vibration.     Hence  it  takes  place : — 

Fio.  85. 


Aiu-Lrutic  radial  curves.    «,  a,  the  aoacralic  {Mrts. 


(l>  In  dilatation  and  hypertrophy  of  the  left  ventricle,  r^^'.,  Fig.  85,  A,  a  tracing  from  the 
radial  artery  of  a  man  sutTering  from  contractcfl  kidney.  The  large  volume  of  blood  cx{>elled  WJlh 
each  systole  requires  a  luii^  lime  tu  dilate  the  tense  arteries. 

(3)  When  the  extensibility  of  the  arterial  wall  \%  diminished,  even  the  normal  amount  of 
blood  expelled  from  the  heart  at  every  systole  requires  a  long  time  lo  dilate  the  artery.  This  occurs 
in  old  people,  where  the  arteries  tend  to  become  rigid,  (■.^'.,  in  atheroma.  Cold  also  stimulates  the 
arteries,  so  that  they  become  less  extensile.  \Vithin  one  hour  after  .1  tepid  hath,  the  pulse  assumes 
the  anacrotic  fomi  (Fig.  85,  D)  {O.  r.  Licdiffi. 

(3)  VVhen  the  blood  stagnates  in  consequence  of  great  diminution  in  the  velocity  of  ibe  blood 
stream,  as  occurs  in  paralyzed  Itmba,  the  volume  of  blood  propelle<t  into  the  nnery  ai  every  n'Mole 
no  longer  produces  the  nonnal  distention  of  the  arterial  coats,  and  anacrotic  notclics  occur  |  Fi^- 
8s.  Bt. 

(4)  After  ligature  of  an  arterv,  when  blood  slowly  reaches  the  peripheral  part  of  the  vesBd 
through  a  relatively  small  collateral  circulation,  it  also  occurs.  If  the  bracnial  artery  be  coroprefced 
so  that  blood  slowly  reaches  the  radial,  the  radial  pulse  may  become  anacrotic.  It  often  occurs  in 
stenosis  of  the  aorta,  ax  the  bl<jod  has  difficuUy  m  getting  into  the  aorta  (I'ig.  S5,  C). 

Recurrent  Pulse. — If  ihe  radial  artery  be  compressed  at  the  wrist,  the  pulse 
beat  reappears  on  the  distal  side  of  the  [joint  of  pressure  through  the  arteries  of 
the  palm  of  the  hatid  {Janaud,  N^^idtrt),  The  curve  is  anacrotic,  and  the 
dicrotic  wave  is  diminished,  while  the  elastic  elevations  are  increased. 

(5)  A  special  form  of  anacrotism  occurs  in  c:u>^cs  of  well-marked  insufficiency  of  the  aortic 
valves.  Practically,  in  these  cases,  the  aorta  rernaiiis  permanently  open.  The  contraciioii  ••(  t!ic 
lefi  auricle  cauve^  in  the  bloo'l  a  wave  motion,  which  is  at  once  propagated  through  Ihe  open  moutJi 
of  the  aona  into  the  large  blood  vessels.     This  wave  is  followed  by  the  wave  caused  by  the  coo* 
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traction  of  the  hypenrophied  left  ventricle;  ha\,  of  course,  the  former  wave  is  not  so  large  as  ihc 
latter.  In  iniufticicncy  uf  the  aortic  valves,  the  auricular  wave  occurs  before  the  ventricular  wave 
in  the  ascendiui'  {lurt  uf  the  curve.  The  auricular  U  well  marked  only  in  the  large  vessels,  for  it 
becomes  lost  in  the  peripheral  vessels.  I'ig.  S6,  I,  was  oUained  from  the  carotid  of  a  mnn  suffering 
fioin  ■wtU-markfii  insutnciency  of  ihc  aortic  valves,  with  cunsiderablc  h)-pertronhy  of  the  left  ventricle 
and  left  auricle.  The  ascent  is  Mecp,  caused  In-  the  force  of  the  contracting  heart.  In  the  apex  of 
the  curve  are  two  projeciion.-* ;  .A.  is  the  anacrotic  auricular  wave,  and  V  is  the  ventricular  wave. 
Fig*  86,  II,  is  a  curve  obtained  from  the  subdartian  artery  of  the  same  individual.  In  the  femoral 
uTcry.  the  auricular  projection  is  only  obuuned  whcu  the  friction  uf  the  writing  style  \s  reduced  to 
the  minimum,  and  when  it  occurs,  it  immediately  precedes  the  beginning  of  the  ascent  ( Pig.  86,  HI. 
a).     The  pulse  curve,  in  cases  of  aortic  insufficiency,  is  aUo  characterized  by — (i)  its  considerable 

Fig.  86. 


i.  II.  m. 

I.  Il«  111,  curve*  with  anacrotic  clavations, «,  )n  litHifficiency  ol  Uifl  aortic  vslvas. 

(3)  the  rapid  fall  of  the  lever  from  the  apex  nf  the  curve,  because  a  large  part  of  the  blood 
rhich  is  forced  into  the  ourta  regurgitates  into  the  left  ventricle  when  the  ventricle  relaxes;  (3)  not 
ifnrquently,  a  prrijection  occurs  at  the  apex,  due  to  the  elastic  vibration  of  the  tense  arterial  wall ; 
,1  the  dicrotic  wave  (R)  is  small  cnmparerl  with  the  size  uf  the  curve  itself,  twcause  the  puLie 
Lve,  owing  to  the  lesion  of  the  aortic  valves,  has  no!  a  sufficiently  large  surlaCe  to  be  retlcctcd  from 
H-'ig.  So).  The  great  height  of  ihc  cunc  i^  explained  hy  the  lorge  amount  of  blood  projectc<l  into 
ic  aortic  system  by  the  greatly  hy]>crlrQphicd  and  dilated  ventricle. 

74.  INFLUENCE  OF  THE  RESPIRATORY  MOVEMENTS 
ON  THE  PULSE  CURVE.— The  respiratory  movements  influence  the  pulse 
in  two  ways — \  \ )  in  ;i  purely  physical  way,  by  diminishing  the  arterial  pressure 
during  each  inspiration  and  increasing  it  during  expiration;  (2)  the  respiratory 

Fig.  87. 
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laflucacc  of  the  ropinttcm  uputi  ihs  •pttrgiaogmoa  (alter  Ritgtl).    J,  during  itupiraiion ;  £.  iliiriDS  explnlioo. 

movemenis  are  accompanied  by  stimulation  of  the  vasomotor  centre,  which 
irodiices  variations  of  the  Mood  pressure. 
I.  NotTnal  Respiration. — During  inspiration,  owing  10  the  dilatation  of  the 
lorax,  more  arterial  blood  is  retained  within  the  chest,  while,  at  the  same  time, 
:nous  blood  is  sucked  into  the  right  auricle  by  the  aspiration  of  the  thorax  ;  as  a 
mseiiuence  of  this,  the  tension  in  the  arteries  during  inspiration  must  Ik.-  less, 
'he  diminution  of  the  chest  during  expiration  favors  the  flow  in  the  arteries, 
rhile  it  retards  the  flow  of  the  venous  blood  in  the  venx  cavye,  two  factors  which 
\\st  the  tension  in  the  arterial  system.     The  difference  o(  pressure  explains  the 
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difference  in  the  form  of  the  pulse  curve  obtained  during  inspiration  and  expira* 
lion,  as  in  Kig.  Sy  and  Fig.  79,  I,  III,  IV,  in  which  J  indicates  the  pan  of  the 
curve  wliich  occurred  during  inspiration,  and  E  the  expiratory  portion.  The  fol- 
lowing are  the  iwints  of  difference:  (i)  The  greater  distention  of  the  arteries 
during  expiration  causes  all  the  parts  of  the  curve  occurring  during  this  phase  10 
be  higher;  (a)  the  line  of  ascent  is  lengthened  during  expiration,  because  the 
expiratory  thoracic  movement  helps  to  increase  the  force  of  the  expiratory  wave  ; 
(3}  owing  to  the  increase  of  the  pressure,  the  dicrotic  wave  must  be  less  during 
expiration  ;  (4)  for  the  same  reason,  the  elastic  elevations  are  more  distinct  and 
occur  higher  in  the  curve  near  its  apex.  The  frequency  of  the  pulse  is  slightly 
greater  during  t-xpiralion  tlian  during  insjiiration. 

2.  This  purely  mechanical  effect  of  the  respiratory  movements  is  modified  by 
the  simultaneous  stimulation  of  the  vasomotor  centre  which  accompanies  these 
movements.  Al  the  beginning  of  inspiration  the  blood  pressure  in  the  arteries  is 
lowest,  but  it  begins  to  rise  during  inspiration,  and  increases  until  the  end  of  the 
inspiratory  act,  reaching  its  maximum  at  the  beginning  of  expiration.  During 
the  remainder  of  the  expiration  the  blood  pressure  falls  until  it  reaches  its  lowest 
level  again  at  the  beginning  of  inspiration  (compare  §  85,/),  the  pulse  curves  arc 

Fig.  88. 
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C.cunrc  Iron  the  caroUd,  ud  R,  ndlal,  during  Mailer"*  csperiment ;  C..  and  R,.  from  the  tame  veueU  JurinK  V»t- 
Mlva  *  cjiperimem.     Curvvi  wrhtcn  on  a  vibrating  turface. 

similarly  modified,  and  exhibit  the  signs  of  greater  or  less  tension  of  the  arteries 
corresponding  to  the  phases  of  the  respiratory  movements  (A7^w/-ff«>«//W.  KnoU^ 
S<hrdber,  Lo-wit).  [There  is,  as  it  were,  a  displacement  of  the  blood -pressure 
curve  relative  to  the  respiratory  curve.] 

Forced  Respiration.— With  regard  to  the  effect  produced  on  the  pulse  curve 
by  a  powerful  expiration  and  a  forced  inspiration,  observers  are  by  no  means 
agreed. 

Valsalva's  Experiment.— Strong  expiratory  pressure  is  best  produced  by 
closing  the  mouth  and  nose,  and  then  making  a  great  expiratory  effort  (§  60)  ;  at 
first  there  is  increase  of  the  blood  prc.s.sure.  while  the  form  of  the  pulse  waves  re- 
sembles that  which  occurs  in  ordinary  expiration,  the  dicrotic  wave  being  less 
developed  ;  but,  when  the  forced  pressure  is  long  continued,  the  pulse  cur\'cs  have 
all  the  signs  of  diminished  tension  (^/<i.v/,  Frank,  ami  ScmmerbrotU).  i'his  effect 
is  due  to  the  action  of  the  vasomotor  centre,  which  is  affected  rertexly  from  the 
pulmonary  nerves.  We  must  assume  that  forced  expiration,  such  as' occurs  in 
Valsalva's  experiment,  acts  by  depressing  the  activity  of  the  vasomotor  centre 
(§  37I'  i^)-     Coughing   singing,  and  declaiming,  act  like  Valsalva's  experiment. 
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fhile  the  frequency  of  the  pulse  is  increased  at  the  same  time  iSommfrhrotif). 
After  the  cessation  of  Valsalva's  experiment,  the  blood  pressure  ns€S  above  the 
normal  state  {Sowmtrrdntt//),  almost  as  much  as  it  fell  below  it ;  the  normal  condi- 
tion beinj;  restored  within  a  few  minutes  (Lenzmann), 

MviUer's  Experiment-— When  the  thorax  is  in  the  expiratory  phase,  dose 
the  mouth  and  nose,  and  take  a  deep  inspiration  so  as  forcibly  to  expand  the 
chest  (§  60).  At  first  the  pulse  curves  have  the  characteristic  signs  of  diminished 
tension,  vi/,,  a  higher  and  more  distinct  dicrotic  wave ;  then  the  tension  can,  by 
nervous  influences,  be  increased,  just  as  in  Fig.  88,  where  C  and  R  are  tracings 
taken  from  the  carotid  and  radial  arteries  respectively,  during  Miiller's  exjwri- 
mcnt,  in  which  the  dicrotic  waves,  /*,  r,  indicate  the  diminished  tension  in  the 
vessels.  In  C,  and  R„  taken  from  the  same  person  during  Valsalva's  experiment, 
the  opposite  condition  occurs. 

Compressed  Air.— On^-r//W»^*intoa  vessel  resembling  a  spirometer  (ace  Rc5piralion).{W'aWen- 
ber^'»  rcitpiratiuii  upparatiu),  and  tilled  with  compresaetl  air,  the  <i3me  re^ull  is  oUained  as  in  VaU 
saU.i'\  exi>crimeni^tlie  blood  pressure  falls  and  che  pulse  beats  increase ;  conversely  the  inspira- 
/ii'ti  from  this  apparatus,  of  air  under  less  pressure,  acts  like  Miiller's  experiment,  /.  *■.,  it  increases 
»c  effect  of  the  insi)iratiun,  and  afterward  increase*  the  blood  pressure,  which  may  cither  remain 
icreased  on  continuing  the  exi^ieriment,  or  may  fall  (/.i-«swi/««j. 
The  in$piratii>n  of  compressed  air  diminishes  the  mean  blood  pressure  {Zunix)  and  the  aficr 
contiimes  for  some  time.  The  pulxe  is  more  frequent  lK>th  during;  and  after  the  experiment. 
xf>trtuion  m  rarefied  air  Increases  ihe  hl<X)d  pressure  {Zut$/s,  Ltnimuun).  The  effects  which 
depend  upon  the  action  nf  ihe  nenous  system  do  not  occur  to  the  same  extent  in  all  cases.  Ex- 
posure to  compressed  air  in  a  pneumatic  cabinet  lowers  the  pulse  curve,  the  clastic  vibratioos 

Kic.  89. 
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PuUiu  paradoxus  (after  JCustmau/t.    E,  expiration ;  ] ,  iiupiralion. 


liecome  indistinct,  and  ihe  dicrotic  wave  diminislies  and  may  disappear  (r.  f7vfi$af).  The  heart's 
beat  tt  slowed  and  the  blood  pressure  raised  [Bert,  Jacobsokn,  /.azams).  Exposure  to  rarefied  air 
caoacs  the  (>p|v><uie  result,  which  is  a  -t\\^i  nf  diminished  arterial  tension. 

Pulsus  Paradoxus. — Under  [mthoJogical  conditions,  especially  when  there  is  union  of  the  heart 
or  it*  lar^e  ves**Is  with  the  surrouTiding  parts,  the  pulse  during  inspiration  may  be  extremely  small 
id  changed,  nr  may  even  be  absent  ( l^^ig-  S9).     This  condition  has  t>ccn  called  pu/sus /tamJvxiij 
[Cri/tiM^^r,  JCMtmaui). 
It  depends  upon  a  diminution  of  the  arterial  lumen  during  the  inspiratory  movement.     Even  in 
It  is  poMible,  by  a  change  of  the  inspiratory  moYcmenl,  to  produce  the  p.  paradoxus  {Rieget, 
frbnuit). 

75.  INFLUENCE  OF  PRESSURE  UPON  THE  FORM  OF  THE  PULSE 

CtJRVB. — It   is    most  important  to  know  iIil-  actual  pressure  which  is   applied  to  an   artery 

while  a  sphygmograra  is  l>eing  taken.     The   changes  affect  the  form  of  the  curve  as  well  as  the 

relation  of  the  uidividual  parts  thereof.     In  Fig.  90,  ii,  ^,  r,  J,  e  atz  radial  curves;  tr  watt  taken 

ith  minimal   pressure,  h  with  loo,  r,  300,  d  350,  and  f  450  grammes  pressure,  while  A,  B,  C,  D 

>w  the  relations  as  to  the  time  of  occurrence  of  the  indiviflual  phenomena  where  the  weight  was 

ri-ev.ively  increased.    'l*hc  study  of  these  curves  yields  the  folluwing  results:  { i)  When  the  weight 

small,  the  dicrotic  wave  is  relaiively  less;  the  whole  curve  is  high  ;  ( 2)  with  a  mi>lcrate  weight 

100  to  30Q  grammes)  the  dicrotic  wave  is  best  marked,  the  whole  curve  is  somewhat  lower;  (ji  on 

:rca>)ng  the  weight  the  iuc  of  the  dicrotic  wave  again  diminishes:  (4)  the  fme  clastic  vibrations 

"eccdirtg  the  dicrotic  wave  appear  lirst  when  a  weight  of  320  to  300  grammes  is  use<l ;  (5)  the 

kptdky  of  the  pulse  changes  with  increasing  weight,  the  time  occupied  by  the  ascent  becoming 

•r,  the  descent  liccoming  lunger ;  (6)  the  height  of  the  entire  curve  decreases  as  the  weight 

In  every  sphygmogrnm  the  pressure  under  which  it  was  obtained  ooghi  always  to  be 

lied. 

In  Ftg.  90,  A,  H  are  curves  obtained  from  the  radial  artery  of  a  healthy  student.    The  pressure 
rted  upon  the  arter>- for  A  was  too;  11,  a30  grms.     (1  vil^raiion  =0.01613  sec), 
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If  prttsurt  be  exerted  uJ>on  an  artery  for  a  long  time  the  stretif^th  of  the  puhe  is  j^aduaUy  in.' 
ereaseJ.  If,  after  subjecting  an  artery  to  considerable  pressure,  a  lighler  weight  be  used,  not  unfre- 
(joeiilly  the  |hi1m:  curve  assumes  the  form  of  a  dicrotic  puhc,  owing  to  the  greater  dcveloptncntof 
tnc  dicrotic  elevation.  \\Tien  strong  pressure  is  applied,  the  blood  is  forced  to  find  its  way  ilirvugh 
collateral  channels.  WTien  the  chief  artery  cease*  to  be  compressed,  the  total  area  is.  of  coarse, 
cofisidcrnbly  and  suddenly  enlarged,  vrhicb  results  in  the  pTo<lucliun  of  :i  dicrotic  elevation.  Hg. 
79,  X .  is  such  a  tlicroiic  curve  obtained  after  coiisidetflblc  pressure  had  l»ccn  applied  to  the  artery. 

76.  RAPIDITY  OF   TRANSMISSION  OF   PULSE  WAVES.— 

The  pulse  wave  j)roceeds  throughout  the  arterial  system  from  the  root  of  the  aorta, 
so  that  the  ])ulso  is  felt  sooner  in  parts  lying  near  the  heart  than  in  the  peripheral 
arteries.  K.  H.  Weber  calculated  the  velocity  of  the  pulse  wave  as 
g.240  metres  [28^  feet]  per  second,  from  the  difference  in  time  between 
the  pulse  in  the  external  maxillary  artery  and  the  dorsal  artery  of  the  foot. 
Czermak  showed  that  the  elasticity  was  not  e<]ual  in  all  the  arteries,  so  that  the 
velocity  of  the  pulse  wave  cannot  be  the  same  in  all.  The  pulse  wave  is  propa- 
gated more  slowly  in  the  arteries  with  soft  extensile  walls  than  in  arteries  with 
resistant  and  thick  walls,  so  that  it  is  transmitted  more  rapidly  in  Ihe  arteries  of 
the  lower  extremities  than  in  those  of  the  upper.     It  is  still  slower  in  children. 

Fig.  90. 
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Vkriovtt  faniu  ot  curra  (ndial)  abcuncd  by  graduatly  increasing  the  preuurc. 

77.  PROPAGATION  OP  THE    PULSB  WAVE   IN  ELASTIC   TUBES.— \VtTe» 

similar  to  the  pulse  may  be  produced  in  elastic  lube*,  (i)  According  lo  E.  H.  Weber,  ihe  velociiy 
of  propagation  of  the  waves  U  11.205  nietres  per  sec;  according  10  Donders,  I1-13  metres 
(54-44  feet).  (2)  According  to  E.  H.  W'ebcr  increased  internal  tenMoo  cauies  only  ui  incocsid- 
erablc  decrease ;  Rive  foanU  a  great  decrease ;  Dondcrs  found  no  ob%'iou&  diflcreoce;  while  Marcy 
found  an  increased  velocity.  15)  Donders  found  the  velocity  10  be  the  ume  in  tubes  3  mm.  in  dia- 
meter, aa  in  wider  tubes,  but  Marcy  believes  that  the  velocity  varies  when  the  diatncter  of  the  tabe 
changes.  (41  The  velocity  is  less.,  the  smaller  the  elastic  coefBcicnt.  (5)  The  velocity  increa&es 
with  mcreaaed  thickness  of  the  wall,  while  it  diminishes  when  the  speciac  g'^vity  of  the  fluid 
increases. 

Mocns  has  recently  formulated  the  following  laws  as  to  the  ^'elocity  of  propae^tton  of  waves  in 
elailic  tubes:  (i)  It  is  inversely  proportional  lo  the  wiuorc  root  of  the  specific  gravity  ot  the 
livid  ;  (2)  it  b  a&  the  square  roo(  of  the  lhicluies&  of  the  wall,  the  lateral  pressure  being  UK  sane; 
(3)  It  is  inversely  as  the  square  root  of  the  diameter  of  the  tube,  the  lateral  prcsaare  beiiig  tlM 
same ;  (4)  it  is  as  the  square  root  of  the  elastic  coef&cicnt  of  the  wall  of  the  tube,  the  lateral 
pressure  twing  the  same  f  I'alentim.) 

Bxpeitments  with  Caoutchouc  Tubea. — For  this  purpose  L^ndois  employs  the  followiac 
apparatus  ( fig.  91 1  :  .\  large  tuning  fork.  A  (35  cm.  long),  carries  on  one  of  its  arms  a  glaas  pUle, 
P  \t$  cm.  long  and  5  cm.  broad  t,  while  the  other  arm  is  weighted,  G.  The  tunins  fork  b  Kxed  hf 
an  iron  holder,  T,  to  a  movable  fHece  of  wood,  which  con  be  pished  aloitf  wiut  ibe  bawl  i»  • 
groove  on  a  support,  H,  H.  When  the  glass  plate  is  smoked,  the  curved  needle  of  the  aagiogfvdi 
writes  its  movemenu  upon  iL     The  fork,  when  it  vibntes,  makes  tittle  teeth  in  the  curve,  aM  tte 
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'valae  of  each  vibraiion  ia  estimated  heforehand.     Every  complete  vihnition  in  this  initruineiit  is 
ei-jual  ifi  O-0161  _;  secmKl, 

Velocity  of  the  Waves  in  Elastic  Tubes  filled  with  Water  or  Mercury. — Take  a  soft, 
extcDsihlc.  elastic  lube.  A,  S.So  melre»  long,  i  mm.  thick,  ami  7  mm.  tliameicr.  If  I  metre  of  the 
tube  is  weighted  with  i  kilo,, it  elongates  6S  cm.  An  ampulla^  B,  capable  of  containing  50  ex.,  is 
fixed  to  one  eiid  of  the  tube,  while  to  the  other  end  of  the  ampulla  is  fixed  a  mercurial  roanD* 
meter,  CJ. 

Fig.  91. 
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IMit  kiT  fncaaiiHns  the  velocity  "I  the  puke  wave  in  an  cLutic  luW  contalnlns  water  O)  mercury.  A,  tun4nf> 
tttiV  .  B.  ampulU;  A,  ebtIK  tube  i  P,  fibu  plate  unokcd;  Q,  manometer;  X,  psd  ol  lever  n  aneiogrmph; 
wHtinc  xyle,  D. 

The  tube.  A,  is  shut  close  to  the  ampalla  every  lime  the  pressure  is  measured,  in  order  to  obviate 
the  occurrence  of  oscillation  in  the  mercury.  A  certain  portion  of  the  luhc,  say  9,  metres,  is 
measured.  Ilic  beginnint. .;.  and  end,  b,  of  this  strcich  uf  tul-inj;  arc  placed  under  the  pad,  X,  of 
the  angiograph.  When  a  positive  wave  is  produced  hy  compressing  the  ampulla,  the  writing  lever 
is  raised  twice,  the  tirst  time  when  the  wave  passes  the  lirst  part  of  the  lube,  a,  under  the  jud,  and  the 
second  time  when  the  cad  part  of  the  tube,  ^.  is  distended  by  the  wave.  The  curve  obtained  is 
shown  in  Fig.  93,  in  which  the  two  elevations,  1   and  3,  are  obvious.     The  time  between  the  two 

Fig.  93. 


Pubc  curve  rum  40  clauLc  lub«  nici>t«n<l  upon  a  plaie  attached  to  a  vibntiiv  uming  fork. 

may  be  ascertained  by  counting  the  number  of  vibrations  of  the  tuning  fork.     The  cxpcrimenU 
gave  the  following  results  : — 

( A)  The  velocity  of  the  wave  is  1 1.809  metres  per  second. 

(B)  The  tHtntiiatcMJar  firesiurf  lias  a  decided  influence  on  the  velocity:  thus,  in  the  tube.  A, 


th  iS  cm.  (llg)  pressure,  the  velocity  per  metre  =  0.093  second,  while  with 
Ig)  ■=^  0.095  second  per  metre. 

(C)  The  sprcific  graxnty  of  the  li.fmd  influences  the  velocity  of  the  pulse  wave. 
ive  is  propagated  four  times  more  slowly  than  in  water  {Afarey  an.i  Landim). 


21   cm.   pressure 
Id  mtreury  the 
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(D)  The  velocity  in  k  lube  wliicK  is  more  rigid  and  nol  so  cxtemile  U  greater  than  in  a  lube 
which  is  easily  distended, 

78.  VELOCITY  OF  THE  PULSE  WAVE  IN  MAN.— Landois  obtained  the  follgw 
ing  results  in  a  Btodent  whose  height  was  174  centimelres  :  Difference  between  carotid  and  radial 
=  0.074  !iecond  (the  dirtancc  beiiij;  taken  as  63  ccntiinelresi ;  carotid  and  femoral  ■=  006S  second; 
femoral  ^inguinal  region)  and  poucrior  tibial  =  o.ck)?  second  (distance  eslimaiod  atQi  centimetres). 
X.  [Waller  obtained  between  the  heart  and  carotid  o.io  wcond;  heart  and  femoral,  o.iS  second  ; 
heatt  and  dor»ali5  ]>edis,  0.22.] 

The  velocity  of  the  pulse  wave  in  the  arteries  of  the  upper  extremities  = 
9.43  metres  per  second,  and   in   those  of  the  lower  extremity  9.40  metres  per 

Kic.  93. 


A.  cnrvc  iif  njJtal  arler>'  vn  u  vibratinu  luiticc  (i  *ilj.  —  j.oifiij  *ct.).    P.  apex  of  cunrc ;   r,  r.  clafttk  vlbnilt(*i»;  R, 
dicfolic  wave  ;  B.  cutvc  of  same  ratlbl  ukcn  along  with  the  heart  beal;  v,  H.  P,  contracliun  of  tlw  rentricle. 

second  [/.  t.,  about  30  feet  per  second].  The  velocity  is  greater  in  the  less 
extensile  arteries  of  the  lower  extremities  than  in  those  of  the  upper  limb.  For 
the  same  reason  it  is  less  in  the  peripheral  arteries  and  in  the  yielding  arteries  of 
children  ( Cztrmak). 

E.  H.  Weber  estimated  the  velocity  at  9.24  metres  per  iiecond  ;  Garrod,  9-10.8  metres;  Grashejr. 
8.5  metres;  Mocn*,  8.3  metres,  and  with  diminished  pressure  during  Valsalva's  experiment.  7.3 
metres  \\  60,  74). 

Influencing  Conditions. — In  animals,  hemorrhage  {llalirr)^  slowing  of  the  heart  produced  by 
stimulation  of  the  v-igus  {.\foens)^  scaion  of  the  sj^oal  cord,  deep  morphia  narcosis,  and  dilatation 

Fin.  94. 
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Curvet  of  th«  carotid  and  ptnterior  tlblai.  ukea  Mniultanooualy  with  8toodg«C3t*«  pansphygmo^ph,  uriiiog  1 

ribraiioc  pbiv  attached  Va  a  tuning  fork.    The  arrow*  indicate  the  identical  moiDcni  of  tune  in  each  cunre. 

of  the  bl<Hxl  vessels  by  heat,  produce  sloiaing  ot  the  velocity,  while  stimulation  of  the  spinal  caid 

aafUratfs  it  {GruHtHtuk). 

The  wave  length  of  the  pulse  ^vave  is  obtained  by  multiplying  the  dura- 
tion of  intlow  of  blood  into  tlie  aorta,  =^  o.oS  to  0.09  second  (§  51),  by  the  velo- 
city of  the  pulse  wave. 

Method. —  Place  the  knobs  of  two  tambours  (Fig.  73)  u|xin  the  two  artenei  to  be  investigated, 
or  place  one  over  the  apex  I>eat  and  the  other  ujion  an  artery.  These  receiving  lamtwurs  arc  con- 
nected with  two  registering  tamboars,  as  in  Hrondgeest's  pansphygmogranh  {\  67,  Fig.  72),  so  thai 
their  writing  levers  arc  directly  over  each  other,  and  so  arranged  as  to  wnte  simultaneously  on  wr« 
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ribrxting  pLilc  allachcil  to  a  tuning  fork.  [Or  Ihey  may  Ke  made  lo  write  u[K)n  a  revolvin[j  cylinder, 
vboM  rale  of  movement  is  asccrmincd  l>y  cauiinf*  a  tuning  fork  of  a  known  rate  of  vibration  to 
write  under  them.]  The  apparatus  is  improved  hy  u^ing  rigid  tulv.';  and  tilling  them  with  wa[er,  in 
which  ait  impulMrs  arc  rttpidly  communicated.  In  arteries  which  arc  distant  from  each  other,  or  in 
the  caic  of  the  heart  and  an  artery,  the  two  knnl)s  of  the  receiving  tambours  may  be  connected,  by 
meam  of  a  V-tube,  with  one  writing  lever.  In  Kig.  93,  U  is  a  curve  from  the  radial  anery  taken  in 
(liis  way.  In  it  r  H  V  indicates  contraction  of  the  ventricle ;  H.  the  apex  of  the  ventricular  conlrac- 
ion;  P.  the  primary  apex  of  ihe  radial  curve;  t,  the  ttcgitining  of  the  ventricular  contraction;  /, 
t(  the  radi&I  pulse.  A  is  the  curve  of  the  radial  artery  alone.  From  the^^e  curves  it  is  evident 
lliat  in  this  instance  nine  viliratiuns  occur  between  (he  beginning  of  the  vcDthcular  contraction  until 
the  l»cgtnning  of  the  pulw  in  the  radi.il  artery  =l  o.  15  second. 

In  Fig.  94  the  diflerence  between  the  carotid  and  the  po&ierior  tibial  pulse  =  0-137  ^c* 
Psthologtcal.— In  cases  of  ititNinishfti  extensthiHty  of  the  arlcrics,  {..n;.,  in  atheroma  {\  77,  li). 
Ihe  pil5c  wave  is  propagated  more  rapidly.     Local  dilatations  of  the  arteries,  as  in  ancuriBins, 
cause  a  retardation  of  the  wave,  and  a  similar  result  arises  from  local  constrictions.     Relaxation  of 
ihe  walls  of  the  veswlsin  high  fever  retanls  ihc  movement  {Uamernjk). 

79.  OTHER  PULSATILE  PHENOMENA.— i.  In  the  mouth  and  nose,  when  they 
are  lillcd  with  air.and  ihc  glottis  closed, pulsatile plienomcna  (due  to  the  arteries  in  their  soft  p&its), 
may  he  found  communicating  a  movcmert  to  the  contained  air.  Tlie  curves  oljtaincd  arc  relatively 
small,  and  closely  resemble  the  curve  of  the  carotid.  A  similar  pulse  is  ohtainetl  in  the  tympanum 

ith  inlact  mcmbrana  tympuii,  and  when  the  soft  parts  of  the  tympanum  arc  congested  {Sckivartzt^ 
Trai/ifk). 

2.  Entoptical  Pulse. — After  violent  exercise,  an  illumination,  corresj-ionding  to  each  pulse  beat, 
occurs  on  a  dark  o|jtical  Held.  When  the  optical  field  h  bright,  an  analogous  darkening  occurs 
{LafJoit).  The  ophihalm(«o>pe  nccisionally  reveals  pulsation  of  the  retinal  arteries  (y«,fw),  which 
becomes  marked  m  insufficiency  n{  ihc  aortic  valves  (Quhuit,  O.  Becker^  Ntlfrtieh). 

3.  Pulsatile  Muscular  Contraction. — The  orbicularis palptbrarum  muuU  contracts  under 
similar Cunditions  synchronously  with  the  pulse;  and  it  is,  perhaps,  due  to  the  pulse  l>cal  exciting 
Ihe  sensory  nerves  reflexly.  The  brMhcrs  Weber  found  that  not  unfrequently,  while  walking,  the 
step  and  p<dse  gradually  and  involuntarily  coincide. 

4.  When  the  leg?^  are  crossed  as  one  sits  in  a  chair,  the  leg  which  is  supported  is  raised  with  each 
pulse  lieat,  and  it  gives  also  a  second  or  dicrotic  elevation. 

5.  If,  while  a  person  is  quite  quiet,  the  incisur  teeth  of  the  lower  jaw  be  made  just  lo  touch  the 
upper  incisors  very  lightly,  we  detect  a  double  beat  of  the  lower  against  the  upper  teeth,  owing  to 
the  pulse  beat  in  the  external  maxillary  artery  raising  the  lower  jaw.  The  secimd  elevation  is  due 
to  the  closure  of  the  semilunar  valves,  and  not  to  a  dicrotic  wave. 

6.  Brain  and  Fontanelles. — The  large  arteries  at  the  base  of  the  brain  communicate  a  move- 
.JDcnt  to  it,  while  similar  movementii  occur  with   respiration — rising  during  expiration  and  falling 

luring  ins]:ii ration.     Thew  movements  arc    visible  in  thc/i'«/o«c/A-j  vf  infants.    The  respiratory 
lovements  depend  upon  variations  in  the  amount  of  blood  in  the  veins  of  the  cranial  cavity,  and 
also  upon  the  rcsyiiratory  variations  of  the  blood  pressure. 

7.  Among  pathological  phenomena  are  ihe  licaling  in  Ihe  epigastiiuixi,  ^^.,  id  hypertrophy  of 
Ihc  right  or  left  veniricle,  caused,  it  may  be,  by  deep  insertion  of  the  diaphragm,  and  it  may  be 
partly  hy  the  beating  of  a  dilated  abdominal  aorta  or  ccfliac  axis. 

Abnermal dilaiatii'tii  (aneurisms)  of  the  arteries  cause  an  abnormal  pulsali(jn,  while  they  pro- 
luce  a  itav'iux  in   the  vrlciily  vf  the  ftttsf  vutve  in   the  corresjionding  arter>'.     Hence  the  pulse 
ippeors  later  in  ^ch  an  artery  than  in  the  artery  on  the  healthy  side,     ilyf^et trophy  and  dilatation 
' the  Up \'entriile  cau-<  the  ancries  near  the  heart  lo  pulsate  strongly.     In  1  he  analc^ous  condition 
tf  the  nght  ventricle,  the  Iicat  of  the  pulmonary  artery  may  lie  seen  and  felt  in  the  second  left  iiUer- 
^'ciwtal  ^ce. 

80.  VIBRATIONS    COMMUNICATED    TO    THE    BODY    BY    THE    ACTION 

OF  THE  HEART,— The  beating  of  the  heart  and  large  arteries  communicates  vibrations  to  the 
body  as  a  whole;  the  vibration  Iwing  not  simple  but  compound. 

Gordon  was  tlic  hrst  to  represcni  this  pulsalory  vibration  graphically.     If  a  person  be  placed  tn  an 
rect  atiiiude  in  the  scale  pan  of  a  targe  balance,  the  index  oscillates,  and  its  movcmenis  coincide 
with  the  heart's  movements  |  CfirdoH). 

Method. — Landois  employed  the  following  arrar^ement  {Fig.  95,  I):  Take  a  long,  four-sided 
box,  K,  upen  at  the  tup,  and  arrange  several  coils,  a,  A,  of  Stout  caoutchouc  tubing  round  one  end. 
A  wooden  Iraard,  13.  «<mal!<:r  than  tTic  opening  in  the  l>ox,  is  so  placed  that  tt  rests  with  one  end  on 
the  caoutchouc  tubing,  and  with  the  other  on  the  narrow  end  of  the  box.  The  person  to  l>e  experi* 
menied  upon.  A,  stands  vertically  and  6nnly  on  this  tward.  A  receiving  iamlx>ur,  y>,  is  placed 
i^tnst  the  surftce  of  the  board  next  the  elastic  tube,  which  registers  the  vibrations  of  the  foot 
ipport.  Fig.  HI  is  a  curve  showmg  such  vibrations, each  heart  beat  lacing  followed  in  this  case  by 
>ur  oscillntioris.  To  ascertain  the  relations  and  causes  of  these  vibrations,  it  is  necessary  to  oUain, 
limullaneously.  a  tracing  of  the  heart  and  the  vibrator}-  cu^^•e.  For  this  pur^msc  a**  the  two  tam 
hours  of  BrondgeestS  pansphygmograph  (|  67,  6).  placing  one  knob  or  pad  over  the  heart  and  Ihe 
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other  on  the  fool  support,  and  allow  the  writing  tambours  to  inscribe  their  vibrations  on  a  gloss  pUte 
attached  to  a  tuning  fork. 

In  the  Ipxver  or  cardiac  imfutif  rune  (Fig.  96),  the  rapidly-rising  part  is  due  to  the  vcntricuiar 
tystolc.  It  contains  eight  vibraiions  (1  vib.  =  0.01613  see).  The  bcginnin);  of  the  ventricular 
lynole  is  indicated  in  the  figure  by  -36,  -3,  -17. 

U  the  corresponding  nunil>crs  in  the  upper  or  vibratory  ntrve  are  studied,  it  is  obviona  that  at  tke 

Ftc.  95. 
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III. 

I.  Elastic  Mipport  for  reciitennK  the  DioUr  rooticnH  of  Ihe  body — K,  a  woudcn  box  ;  B,  feet  ol  patlcnl  :  /.  onllo- 
enph  ;  «,f*,  elulkr  tubing.  U.  Vibration  curves  of  ■  healthy  person.  HI.  Similar  curve  obtaiDcd  from  a 
paticnl  lufTcring  from  inktimciCDcy  of  (h«  aortic  valvw  and  great  hypcrtrotihy  of  the  heart. 

momrnt  of  vnUriatlar  syitole  the  body  makes  a  downward  x'ibrtition^  i>.»it  exercises  greater  prcsaure 
upon  the  fool  support.  Gordon  interprets  his  cur\e  as  i;iving  exactly  the  opposite  result.  This  down- 
i*'ar<i  motion,  however,  lasted  only  during  five  vibrations  uf  the  tuning  fork;  during  the  la.<l  three 
vibrations,  corresponding  to  the  systole,  there  is  an  ascent  of  the  Iwdy  corresponding  to  a  less  prcisure 
upon  the  foot  plate.  When  the  ventricle  emiKies  itself,  it  undergoes  a  movement  in  a  downward 
and  outward  direction — (lutbrodt's  •'  reaction  mipulsc." 

I-n  the  uj*per  tun-e,  analogous  numbers  are  employed  to  indicate  the  vibrations  occurring  stmulta. 

Fig.  96 


A 


V 


n      10 


\  I  ^.v.-.>--- 


The  upper  curve  is  the  vibtaiKm  curve  ol  ■  healthy  persoa,  anil  tlw  tower  one  a  iracing  ot  the  apea  heat. 


neously,  viz.,  -38,  -Ti,  -10.  The  closure  ol  the  semilunar  valves  is  well  marked  in  the  three  heart 
beats  il  20,  -30.  This  closure  is  indicated  in  analogous  points  in  both  curves,  after  which  there  is 
a  descent  of  the  foot  support,  and  this  curresptonds  to  the  downward  propagation  of  the  pulse  wave 
through  the  aona  10  the  ves^ls  of  the  feet. 

Pathological. — In  insufhcieocy  of  the  aortic  valves,  as  shown  in  Fig.  96,  III*  the  vibration 
communicated  to  the  Ixtdy  is  very  canstderablc. 
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8i.  THE  BLOOD  CURRENT.  — Cause.— The  dosed  and  much 
branched  vascular  system,  whose  walls  are  endowed  with  elasticity  and  contrac- 
tility, is  not  only  completely  filled  with  blood,  but  it  is  over-filled.  The  total 
volume  of  the  blood  is  somewhat  greater  than  the  capacity  of  the  entire  vascular 
sv'siem.  Hence,  it  follows  that  the  mass  of  blood  must  exert  pressure  on  the 
walls  of  the  entire  system,  thus  causing  a  corresponding  dilatation  of  the  elastic 
vascular  walls  {Bmnrwr).  This  occurs  only  during  life;  after  death  the  muscles 
of  the  vessels  relax,  and  fluid  passes  into  the  tissues,  so  that  the  blood  vessels 
come  to  contain  less  fluid,  and  some  of  the  vessels  may  be  emptied. 

If  the  blood  were  uniformly  distributed  throughout  the  vascular  system,  and 
under  the  same  pressure,  it  would  remain  in  a  position  of  equilibrium  (as  after 
death).  If,  however,  the  pressure  l>e  raised  in  one  section  of  the  tube,  the  blood 
will  move  from  the  part  where  the  pressure  is  higher  to  where  it  is  lower  ;  so  that 
the  blood  current  is  a  result  of  the  difTerence  of  pressure  within  the  vas- 
cular system.  If  either  the  aorta  or  the  venae  cavse  be  suddenly  ligatured  in  a 
living  animal,  the  blood  continues  to  flow,  but  gradually  more  slowly,  until  the 
difference  of  pressure  is  equalized  throughout  the  entire  vascular  system. 

The  velocity  of  the  current  will  be  greater  the  greiter  the  difference  of  pressure, 
and  the  less  the  resistance  opposed  to  the  blood  stream. 

The  difference  of  pressure  lohiik  causes  the  current  is  prmiucai  by  the  heart 
{^E.  //.  li'cder).  Uoth  in  the  systemic  and  pulmonary  circulations,  the  point  of 
highest  pressure  is  in  the  root  or  beginning  of  the  arterial  system,  while  the  point 
of  lowest  pressure  is  in  the  terminal  portion  of  the  venous  orifices  at  the  heart. 
Hence,  the  blood  flows  continually  from  the  arteries  through  the  capillaries  into 
the  venous  trunks. 

The  heart  keeps  up  the  difl"erence  of  pressure  required  to  produce  this  result ; 
with  each  systole  of  the  ventricles,  a  certain  quantity  of  blood  is  forced  into  the 
beginning  of  the  arteries,  while,  at  the  same  time,  an  e<]ual  amount  flows  from  the 
venous  orifices  into  the  auricles  during  their  diastole  (£.  H.  ll'edfr). 

Donders  added  another  important  fact,  vi/.,  that  the  action  of  the  heart  not 
only  causes  the  diflcrcnce  of  pressure  necessary  to  establish  a  blood  current,  but 
it  also  raises  the  mean  pressure  within  the  vascular  system.  The  termina- 
tions of  the  veins  at  the  heart  arc  wider  and  more  extensible  than  the  arteries  where 
they  aj-isc  from  the  heart  (Fig.  133).  As  the  heart  propels  a  volume  of  blood 
into  the  arteries  equal  to  that  which  it  receives  from  the  veins,  it  follows  that  the 
arterial  pressure  must  rise  more  rapidly  than  the  venous  pressure  diminishes,  since 
the  arteries  arc  not  so  wide  nor  so  extensible  as  the  veins.    Thus  the  total  pressure 

I  must  also  increase. 
I    Cause  of  Continuous  Flow. — The  volume  of  blood  ex[>elled  from  the  ven- 
Iricles  at  every  systole  would  give  rise  to  z,  jerky  or  intermittent  movement  of  the 
blood  stream — (i)  if  the  tubes  had  rigid  walls,  as   in  such  tubes  any  pressure 
Itxerted  upon  their  contents  is  propagated  momentarily  throughout  the  length  of 
ttie  tulw,  and   the  motion  of  the  fluid  ceases  l^■hen   the  propelling  force  ceases; 
fi)  the  flow  wt)uld  also  be  intermittent  in  character  in  elastic  tubes  if  the  time 
between   two  successive  systoles  were  longer  than   the  duration  of  the  current 
necessary  for  the  compensation  of  the  difference  of  pressure  caused  by  the  systole. 
If  the  time  between  two  successive  systoles  be  shorter  than  the  time  necessary  to 
uilibrate   the  pre^ure,   the  current  will  become   continuous,   provided    the 
istance  at  the  f>eriphcry  of  the  tube  be  sufficiently  great  to  bring  the  elasticity 
of  the  tube  into  action.      The   more  rapidly  systole  follows  systole,  the  greater 
comes  the  diflerencc  of  pressure,  and   the   more  distended   the  elastic  walls. 
Ithough  the  current  thus  prodiued   is  continuous,  a  sudden  rise  of  pressure  is 
aused  by  the  forcing  in  of  a  mass  of  blood  at  every  sj-stole,  so  that  with  every 
stole  there  is  a  sudden  jerk  and  acceleration  of  the  btood  stream  corresponding  to 
c  pulse  (compare  §  64). 
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This  sudden  jerk-like  acceleration  of  the  blood  current  is  propagated  through- 
out the  arterial  sv-stcm  with  the  velocity  of  the  pulse  wave ;  both  phenomena  are 
due  to  the  same  fundamental  cause.  Every  pulse  beat  causes  a  temporarj'  rapid 
progressive  acceleration  of  the  particles  of  the  fluid.  But  just  as  the  fonn  move- 
ment of  the  pulse  is  not  a  simple  movement,  neither  is  the  pulsatile  acceleration 
a  simple  acceleration.  It  follows  the  course  of  the  development  of  the  pulse  wave. 
The  pulse  curve  is  the  graphic  representation  of  the  pulsatory  acceleration  of  the 
blood  stream.  Every  rise  in  the  cur*e  corresponds  to  an  acceleration,  every 
depression  to  a  retardation  of  the  current. 

[Method:  Rigid  and  Elastic  Tubes, — These  facts  ore  capable  of  demonstration  by  tneans 
of  very  simple  physical  ex(»erimenls.  Tic  a  1  {if^poBon's  syringe  to  a  piece  of  an  ordinary  gas  pii>e. 
On  forcini;  water  through  the  tul>r.  by  compressing  the  elastic  pump,  the  water  will  How  out  at  the 
other  end  of  the  tube  in  jets,  while  during  the  intervaU  of  pulsation  no  wnier  will  flo«  out.  As  Ibe 
walls  of  the  tube  arc  rigid,  just  as  nivicti  fluid  Kows  out  as  is  forced  into  the  lube.  If  a  similar 
arrangement  be  made,  and  a  long  clastic  tube  be  u&cd,  a  continuous  outflow  is  oUaiacd,  provided 
the  pulsations  occur  with  sufficient  rapidity  and  the  length  of  the  tube,  or  the  lesi^lance  at  ill 
periphery,  be  ^ufiicient  to  bring  the  elasticity  of  the  tube  in  action.  This  can  be  done  by  putting  t 
narrow  cannula  in  the  outflow  end  of  the  tube,  or  by  placing  a  clamp  on  it  so  as  to  diminish  ihc 
exit  aperture.  This  apparatus  converts  the  intcmnittent  flow  into  a  continuous  current.]  The  fire 
engine  is  a  good  example  of  (lie  conversion  of  an  intennittent  Inflow  into  a  uniform  outflow.  The 
air  in  the  rcbcrvoir  is  in  a  stale  of  elastic  tension,  and  it  represents  the  cl:uticity  of  the  vascular  walls. 
When  the  pump  is  worked  slowly,  the  outflow  of  the  water  occurs  in  jets,  and  is  interrupted.  If  ibe 
pumping  movement  be  sufliciently  rapid, the  compressed  air  in  the  reservoir  causes  a  continuous  oui- 
now,  which  is  di!>tinctly  accelerated  at  every  movement  of  the  pamp.  [The  ordinary  spray  producer 
is  another  good  example.] 

[Thus,  there  are  two  factors — a  central  one,  the  heart,  and  a  peripheral  one, 
the  amount  of  resistance  in  the  arterioles.  Either  or  both  may  be  varied,  and  as 
this  is  done  so  will  the  pressure  and  velocity  vary.] 

Current  in  the  Capillaries. — In  the  capii/afy  z^esseis  the  pulsatile  accelera- 
tion of  the  current  ceases  with  the  extinction  of  the  pulse  wave.  The  great  re- 
sistance which  is  offered  to  the  current  toward  the  capillary  area  causes  both  to 
disappear.  It  is  only  when  the  <:apillaries  are  greatly  dilated,  and  when  the  arterial 
blood  pressure  is  high,  that  the  pulse  is  propagated  through  the  capillaries  into  the 
beginning  of  the  veins.  A  pulse  is  observed  in  the  veins  of  the  sub-maxillary 
gland  after  stimulation  of  the  chorda  tympani  nerve,  which  contains  the  vascular 
or  vaso-dilator  nerves  for  the  blood  vessels  of  this  gland.  If  the  finger  be  con- 
stricted with  an  elastic  band,  so  as  to  hinder  the  return  of  the  venous  blood,  and 
to  increase  the  arterial  blood  pressure,  while  at  the  same  time  dilating  the  capil- 
laries, an  intermittent  increased  redness  occurs,  which  corres|>onds  with  the  well- 
known  throbbing  sensation  in  the  swollen  finger.  This  is  due  to  the  capillary 
pulse.  [Koy  and  Graham  Brown  found  that  pulsatile  phenomena  were  )jroduced 
m  the  capillaries  by  increasing  the  extra-vascular  pressure  (§  86).  Quincke  called 
attention  to  the  capillary  pulse,  which  can  often  be  seen  under  the  finger  nails. 
Extend  the  fingers  completely,  when  a  whitish  area  appears  under  the  naiU.  A 
red  area  near  the  free  margin  of  the  nail  advances  and  retires  with  each  pulse  beat. 
It  is  well  marked  in  some  diseased  conditions  of  the  heart,  especially  in  incom- 
petence of  the  aortic  valves,  and  is  probably  produced  by  increased  extra-vascular 
pressure.] 

82.  SCHEMATA  OF  THE  CIRCULATION.— E.  H.  Weber  coimructed  a  wlicroc  of  the 
circulation.  It  cmisisied  of  a  force-pump  with  projxTly  arranged  valves  to  represent  llie  heart,  por- 
lionst  of  ^t  fcir  the  arlcnes  and  veins,  and  a  piece  of  gia.Mi  tubing,  cnntaining  a  piece  of  sponge,  to 
repn.'sent  tlie  capillaries.  Various  schemes  have  \jcin  invcnle<l,  including  the  ver)'  complicatetl  one 
of  Marcy  [the  extremely  ingenious  one  of  v,  ThanhotVfr,  and  the  ihornughly  practical  one  of 
Ruihcrfonl.] 

83.  CAPACITY  OF  THE  VENTRICLES.— Since  the  right  and  left 
ventricles  contract  simultaneously,  and  just  the  same  volume  of  blood  passes 
through  the  pulmonary  as  through  the  systemic  circulation,  it  follows  chat  the 
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ventricle  must  be  just  as  capacious  as  the  left.     The  capacity  of  the  ven- 
icles  has  been  estimated  in  the  following  ways: — 

II   I Hrtctljr,  by  tilling  ihc  i/i-ud' ventricle  with  blood  {^SaHforini,   tj24',   Lfi^fMs  nm/  Co//tH). 

a  method  is  uusali^factory  and  inaccurate.     (2)  All  the  vessels  of  the  rcliixetl  hcazt  are  Uf^iuredT 

ic  heart  excised,  anil  the  conlcnii  of  the  cavities  e>liaiaied  {Abfjp;^  /S4S).   (3)  Volkmann  estimated 

the  cajocity  Xn  \tc  |-J^g  of  tile  body  weight,  1. r.,  fur  a  man  of  75  kilos.  =^  187.5  B^ms,      [5  50  {L,ud- 

wg  and  Hesse).] 

84.    ESTIMATION    OP    THE    BLOOD    PRESSURE.— (A)  In   Animals:    (1) 

[ethod  of  Hales.— The  Rev.  Stephen  Males  (.1727)  was  the  rir»i  to  introduce  a  long  glass  tube 

lu  i  tiluLM'l  veMcl  in  order  to  esttaialc  the  blood  pressure  by  measuring  the  height  of  the  column  of 

»Io«k1.  /.  r,  how  high  the  blood  rose  in  the  tul»e.     The  tube  was  pnfvidecl  at  its  Umer  end  with  a 

,Cci»p<r  tube  t«ent  at  a  right  attgle  (I'lloi  ;>  iuIk).     [The  tul>c  he  used  was  one  sixth  nf  an  inch  bore 

id  about  nine  feet  long.  >nd  was  inserted  into  the  femoral  artery  of  a  horse.    Tlic  height  to  which 

le  bliiTMl  rose  in  the  tube  was,  noted,  as  well  as  the  oscillations  that  occurred  with  every  pulsation. 

■fctn  the  height  of  the  column  of  fluid  he  calculated  the  force  of  the  heart.] 

12]  The  Hsemadynamometerof  Poiseuille. — Thiaobierver  (182S1  used  a  ll-sha[Kd  tubepar- 

illy  fi!Ic<i  with  mercury —  a  manometer— which  was  hmught  into  connection  with  a  blood  vessel 

mean*  of  a  ri^J  tube.     [The  mercury  oscillated  with  every  pulsation,  and  the  extent  of  the 
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I.  Scheme  of  C.  Uidwig't  kymognph.    II.  Flck'a  iprtns  kynosrai^. 
oacitlaitiotw  wai  read  ofT  by  means  of  a  scale  attached  to  the  bent  tube.     He  called  the  instrument  a 

[(3)  Vterordt  uwd  a  tut>e  5  or  6  feet  long,  and  6Iled  it  with  a  solution  of  wxliam  carUmate,  thus 
preventing  much  blood  from  entering  the  tube,  while  at  the  same  time  the  soda  solution  prevented 
the  coagulatioo  uf  the  blood  ] 

(4)  C.  Ludwig's  Kymograph. — C.  Ludwig  employed  a  U-shai)ed  mano- 
tncier  of  the  same  kind,  but  he  placed  a  li>,'ht  float  (Fig.  97,  //,  s)  u|K)n  the  sur- 
face of  the  mercury  in  the  open  limb  of  the  tube.  A  writing  style,  /,  placed 
transversely  on  the  free  end  of  the  float,  inscribed  the  movements  of  the  float — 
and,  therefore,  of  the  mercury — upon  a  cylinder,  C,  caused  to  revolve  at  a  uniform 
rate.  This  apparatus  registered  the  height  of  the  blood  pressure,  as  well  as  the 
;.  :Kalile  and  other  oscillations  occurring  in  the  mercury.  Volkmann  called  this 
<h  tniment  a  kymograph  or  **  wave  writer. "  The  difference  of  the  height  of 
llie  column  of  mercury,  c,  </,  in  both  limbs  of  the  lube  indicates  the  pressure 
within  the  vessel.  M  the  height  of  the  column  of  mercury  be  multiplied  by  13.5, 
this  gives  the  height  of  the  corresponding  column  of  blood.     Setschenow  placed 
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a  stop-cock  in  the  lower  bend,  /t,  of  the  tube.  If  this  be  closed  so  as  just  to  per- 
mit a  small  aperture  of  communication  to  remain,  the  pulsatile  vibrations  no 
longer  appear,  and  the  api)aratus  indicates  the  mean  pressure.  By  the  term  mean 
pressure  is  meant  the  limit  of  pressure,  above  and  below  which  the  oscillations 
occurring  in  an  ordinary  blood  pressure  tracing  range.  [Briefly,  it  is  the  average 
elevation  of  the  mercurial  column.] 

In  a  blood* pressure  tracing^,  such  us  Fig.  99,  each  of  ihe  smaller  waves  corresponds  to  a 

heart  beat,  (he  afcem  con'c.<i]>on<U  to  the  systole 


Fig.  98. 


n 


A 


Olid  (he  ilvxccnt  to  (he  diastoL'.  Ttic  large  un- 
dulations are  due  to  the  respiratory  move- 
ments. It  is  clear  that  the  hean  beat  U  ex* 
pressed  as  a  &iiuple  ri>e  and  fall  I  Fig.  c>9),  »o 
that  the  curve  of  the  heart  beat  obtained  with 
a  mercurial  krmagraph  ditTent  from  a  sphygmo- 
^aphic  curve.  A  perfect  recording  instruiDeiit 
ought  to  indicate  the  height  of  the  blood  pres- 
sure, and  aUo  the  si^e,  form,  and  duration  of 
any  wave  motion  communicated  to  it.  The 
mercurial  manometer  does  not  give  the  true 
form  of  (he  pulse  wave,  as  the  mercury,  when 
once  set  in  motion,  executes  vibrations  of  its 
own,  o%ving  to  its  great  ineilia,  and  thus  the 
finer  movements  of  the  pulse  wave  arc  losL 
Hence  a  mercurial  kymograph  is  used  for  regis- 
tering the  blood  pressure,  and  not  for  obtaining 
the  c.t*i</  fonn  of  the  puUc  wave.  Instruments 
»i(h  tef^  inertia,  ami  with  no  vibrations  pccu* 
liar  to  themselves,  arc  required  for  this  purpo^. 
[The  theory  of  the  mercurial  inanometer  lias 
been  carefully  worked  out  by  Mach  and  also  by 
V.  Krica.] 

[Method,— ExpoK  the  carotid  of  a  cblorol- 
i^ed  rabbit,  and  isolate  a  portion  of  ibe  vessel 
between  two  ligatures,  or  two  spring   clomps. 
.     .   .  .  .  .     .       r.     .    .   .    With  a  pair  of  scissors  make  an  obli'juc  slit  irto 

Ludw  fl'j  ImproveJ  lorm  ol  icvi.lviUK  txliniler,  A.  which  U     ,         -—«,,.    ««-l     :«iy^    :•    ;n<^M    «    .t^:»ki     ™U.- 

moved  \rsxhc  cl.Kkw.>rk  in  (1«  h<,x.  ,^.  ni.d  .cs.iUtrd  '"<=  artery,  and  into  it  insert  a  straight  glaw 
by  a  FoucAiili't  rci^^ibior  placed  un  ihe  top  of  the  bfiM.  Cannula,  directingthe  open  end  of  the  cannula 
TTie  .lUk  &,mo*r-lbj  (he  dcKkw.|rk,pre.«»  upon  ihc  toward  the  heart.  Fill  the  cannula  with  a 
;:.:;.t^f.:::.!'.'^n;?h;;..T;;^^^^  «'«'»"=^  solution  of  s.xlium  carbonate,  .aking 

caufc  the  cA-tindrr  to  r[it:iie  ai  ilifTrreni  nte*.  The  care  that  no  air  bubbles  enter,  and  connect  it 
cylinJcr  iiwif  can  tic  Ru*erf  by  the  hindlc.  v.    On  the  « jth  the  lead  tube  which  goes  10  (he  dcicend- 

l«n  ilde  of  the  fittiife  w  a  mercurial  manometer.     When    • |;_i.      t  .v       ^."      tl_    ..v.        i  -_i. 

the  cvlintJer  » t«*d.  it  ii  covered  wUh  smoked  .mouth  >"g  ""''^  °J  **«:  manometef.     1  be  lube  which 

connects  the  artery  with  the  manometer  must 
be  flexible  and  yet  inelastic,  and  a  lead  tube  is 
Licst.  It  ■&  usual  to  connect  a  pressure  bottle,  containing  a  saiitraied  solution  of  sodium  Carlson- 
ate,  \y)'  mcan«  nf  an  elastic  (ube,  with  the  tube  attached  to  the  manometer.  'I'his  botde  can  be 
raised  or  lowered.  Before  beginning  the  experiment,  raise  the  pressure  bottle  until  there  \»  a  f*>si- 
th't  prcs.'sure  of  several  inches  of  mercury  in  the  manometer,  or  uniil  ihe  pressure  is  alxiut  equal  to 
the  cstimaled  blood  pre^tsure,  and  then  clamp  the  tube  of  die  prcuure  bottle  where  it  joins  the  lead 
lube.  Hy  haniig  this  positive  pressure,  the  escape  of  blood  from  the  artery  into  the  solution  of 
sodium  carbonate  is  to  a  large  ciitent  avoided.  When  all  is  ready,  the  ligature  on  the  earJiiu  side 
of  the  cannula  is  removed,  and  immediately  the  Hoat  begins  to  oscillate  aiid  inscribe  its  movements 
upon  the  recording  surface.  The  tluid  within  the  artery  exerts  pressure  lauerly  upon  the  sodium 
carlxinaic  s<olution,  .ind  this  in  turn  tran.«mils  it  to  the  mercury.] 

[Precautions. — tn  taking  a  bloodpretrsure  tracing,  after  seeing  that  the  s|^ratus  is  perfect, 
care  must  be  taken  that  the  animal  is  perfectly  i^uicscent,  as  ever>'  movement  causes  a  rise  of  the 
blood  pressure.  This  tnay  t>e  .secured  by  giving  curara  and  keeping  up  arliHcial  respiration,  or  tty 
carefully  regulated  inhalation  of  ether,  \\nien  a  drug  is  to  be  injected  to  (est  its  action,  if  it  be  in- 
troduced in(o  the  jugular  vein,  it  is  apt  to  affect  the  heart  directly.  This  may  be  avoided  by  inject- 
ing it  into  a  vein  of  the  \z^t  the  pcriloneum,  or  under  the  skin.  The  solution  of  the  drug  must  not 
contain  panicles  which  will  block  up  the  capillaries.  Care  should  also  be  taken  (hat  the  carlxinatc 
of  soda  doe?  not  flow  back  into  the  anen,-.] 

[Continuous  Tracing.— >>V hen  we  have  occasion  to  take  a  tracing  for  any  length  of  time,  ii 
must  l>c  written  upon  a  strip  of  paper  which  is  moved  at  a  uniform  rate  in  front  of  the  writing  style 
on  the  floitt  (Fig.  98).     Various  arrangements  are  employed  for  this  purpose,  but  it  is  usual  to  cause 


the  cyliitdcr : 
paper. 
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m  cylinder  to  revolve  lo  u  to  uofold  a  roll  or  riband  of  paper  placed  on  a  movable  bobbin.  As  the 
cylinder  revolves,  il  (fraduaUy  winds  off  the  sirip  of  paper,  which  is  kcpi  applied  to  ihe  revolving 
surface  by  ivory  friclion  wheels.  In  Kick's  complicated  kymograph  a  long  strip  of  smoked  paper 
it  used.  The  u-riting  ityle  may  consiM  of  a  luible  bnuh.  or  a  fine  glass  pen  tilled  with  aniline  blae 
dissolve<l  in  water,  lu  which  a  Hlilc  alcohol  and  glycerine  are  added.] 

[In  order  to  niensure  Ihe  height  of  the  pressure,  we  inu^  know  the  |>oftilion  of  the  abscissa 
or  line  of  no  prnture,  and  it  may  be  recorded  at  the  »imc  time  as  the  hinod  pressure  or 
ailerward.] 

[In  Kig.  99,  O — .r  is  (he  zero  line  or  abscissa,  and  the  height  of  the  vertical  lines  or  ordinales 
may  \te  measured  by  the  millimetre  scale  on  the  left  of  the  figure.  The  height  of  the  blood  pres- 
sure is  oUaincd  by  diawing  ordiDates  from  the  curve  to  the  abscissa,  meftsoring  thar  length,  and 
multiplyJne  by  two.] 

(5J  Spring  Kymograph. — A.  Fick  (1S64)  constructed  a  **  hollow  spring 
[Jcymogrdph,"  on  the  principle  of  Bourdon's  manometer  (Fig.  97,  II). 

Fic.  99. 


il 
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RIoiwl  prMMirccunreoflhccuvtU  at  a  dog  obtained  with  a  mcrcurul  manometer.  O — .r  —  line  ot  no  prcaiure,  icro 
Ima.  DT  atnciwa  :  y—y  i%  the  tilnod  prcKiun-  iracing  with  umiill  uravc<>,  cacti  one  earned  by  a  heart  ttent,  and  tlic 
iMTIge  WBWA  due  to  the  mpiraikio.  A  millimctn:  sc»\e  »tiow>  the  heiifht  of  Ific  prc«>tire  in  millimetres  of 
mcictiry. 

A  hollow  C-shaped  mctfttlic  spring,  F,  is  filled  with  alcohol.  One  end  of  the  hollow  spring  is 
closed,  and  the  other  end.  covered  liy  a  membrane,  is  brought  into  connection  with  a  blood  veuel 
by  a  junction  piece  filled  with  a  solution  of  sodium  carbonate.  As  soon  as  Ihe  communication 
tith  the  artery  is  opened,  the  pressure  ri«s,  and  the  spring,  of  course,  lends  lo  rtraigliteii  ii«clf.  To 
closed  end,  fi,  there  is  fixed  a  vertical  rod  attached  to  a  series  of  levers,  4,  1',  A,  t,  one  uf  which 
les  its  movements  upon  a  surface  moving  at  a  uniform  rate.  The  blotx]  pressure  and  the 
periodic  variations  of  the  pulse  are  both  recorded,  although  the  latter  is  not  done  with  absolute 
accur&cry. 

[Kcring  improved  Fick's  instrument  (Fig.  100).  j,  ^,  c,  is  the  hollow  spring  filled  with  alcohol, 
and  communicating  nt  a  with  Ihe  lead  luhie.  ■/,  pas.'iing  lo  the  cannula  in  the  artery.  To  >:  ts  attached 
a  series  of  iighi  wooden  levers  with  a  writing  style  /.  The  'lower  part  of  4  dips  into  a  vessel,  (, 
fille»i  with  oil  or  glycerine,  which  serves  to  damp  the  vibrations  of  trie  levers.  At/  is  a  syringe 
communicating  with  the  tube,  d.  Illled  wiili  solution  of  sodic  carbonate,  and  u<cii  for  regulating  the 
amount  of  flutd  in  the  lube  connecting  the  manometer  with  the  blood  vessel.  The  whole  apparatus 
can  l*e  raised  or  lowered  on  the  tofjlhed  rod,  4.  by  means  of  the  millhcad  Dp|>osile  ^,  to  which  oU 
the  porta  of  the  apparatas  are  atlachctl.] 
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(6)  Pick's  Flat  Spring  Kymograph, — Fig.  loi  shows  Pick's  latest  arrangement.  The  narrow 
tube,  a,  a  (I  uiin.  diam.  I  U  placed  in  connection  with  a  blood  vessel  \vy  means  of  the  cannula,  r, 
and  over  its  vertical  e.x[KUidcd  end,  A,  is  fixed  a  caoutchouc  nicrtihranc,  with  a  projecting  potnl,«» 
which  prcues  a^in»t  a  horizontal  spiiri;;,  F,  joined  to  a  writing  lever,  II,  by  an  intermediate  piece, 
*.     The  whole  »  held  in  the  metallic  frame.  K  R. 

In  order  to  estimate  the  absolute  pressure,  the  instrument  must  be  compared  prci-iously  with  a 
mercurial  manometer. 

Fic:.   lOO. 


Ffck'siprinf  manometer,  as  improved  by  Herinc. 

(B)  In  man  the  blood  pressure  tnay  be  esiiraated  by  means  of  (i)  A  properly 
graduated  sphygmograph  (§  67).  The  pressure  required  to  abolish  the  move- 
ment of  thL*  lever  indicates  approximately  the  vascular  tension.  Sch5bcl  investi- 
gated the  radial  pulse  in  a  healthy  student,  and  obtained  a  mean  blood  pressure 
equal  to  550  grammes. 

(3)  By  a  manomctric  method  v.  Basch  estimated  the  blood  pressure.     He 

Fig.  ioi. 
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Fkk'i  fiat  vp"'*K  kymog^'^ph- 

placed  a  capsule  containing  fluid  upon  a  pulsating  artery,  while  the  capsule  itself 
communicated  with  a  mercurial  manometer.  As  soon  as  the  pressure  u-ithin  the 
manometer  slightiy  exc^ftkJ  K\\;!X  within  the  artery,  the  artery  was  compressed  so 
that  a  sphygmograph  placed  on  a  peripheral  portion  of  the  vessel  ceased  to  beat. 
[This  instrument  v.  Basch  called  a  Sphygmomanometer.]  Both  arrange- 
ments, however,  do  not  give  the  exact  pressure  within  the  artery ;  they  only  indi- 


bijood  pressure  in  the  arteries. 
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the  pressure  whirh  is  required  to  compress  the  artery  and  the  overlying  soft 

>.     The  pressure  required  to  (  ompress  the  arterial  walls,  however,  is  very  small 

tomparcd  with  the  blood  i>ressurc.     It   is  only  4  mm.   Hg.     v.  Basch  estimated 

the  pressure  in  the  radial  artery  of  a  heaUhy  man  to  be  135  to  165  millimetres  of 

mercury. 

Variationa. — Is  children  Uie  blood  pressure  increases  with  a^e,  height,  and  weight.  In  the 
fU|>crlScial  t^mponil  .iitery.  from  2  to  3  years,  it  is  ^=  97  mm.  ;  from  12  lo  i.;  years,  113  mm.  Hg. 
l^I.  A\-U'f,  c.  I  loo).  The  hluod  prcs&urc  is  raised  immcdintcly  after  bodily  movementB  ;  ii  is 
bif^her  when  a  penton  is  iti  the  huri/onlal  pii&Jlioii  Than  wtieri  siiiicf;.  atid  in  ».itlin|{  lliaji  tn  siaiidin^ 
{frttJmitnn).  After  a  cold  as  w«]l  as  after  a  worm  bath  {L,  LehmattH},\\\t  first  etTcct  is  an 
incrcaic  of  bloutl  prc&surc  and  of  Uie  quantity  of  unnc  ( Grefberg). 

85.  BLOOD  PRESSURE  IN  THE  ARTERIES.— The  following 
results  have  I>een  obtained  by  exi)criiiicnl  on  systemic  arteries: — 

{a)  Mean  Blood  Pressure. —  The  blood  pressure  is  very  considerable,  vary- 
ing within  pretty  wide  limits:  in  the  large  arteries  of  large  mammals,  and  fjer- 
ha|>s  in  nmn,  it  is=^  140  to  160  millimetres  [5.4  to  6.4  inches]  of  a  mercurial 
column. 

Tlte  (ullowing  results  have  been  obtained,  those  marltcd  thus  *  by  roi«euiUe,  and  those  -f-  by 
L^felkmana : — 


*   Carotid.  Horse,  161  mm, 

*'  "      122  to  314  mm. 

"  I^ug,  151   wm. 

"  "     130(0  190  mm.  [Lui/ivig). 

"  (ioat,  iiS  to  135  mm. 

"  Ral>bii.  go  mm. 

•*  Fowl,  88  to  171  mm. 


-f  Aorta  of  frog.  33  to  39  mm. 

u-  Gill  artery  of  Pike,  35  to  S4  mm. 

Brachial  artery  of  rnaii  during  an  ope- 
ration, nolo  130  mm.  [J-aivrt). 
I'erhaps  too  low,  owing  to  the  in> 
jury. 


X.  Albert  estimated  the  blood  pressure  by  mean:*  of  a  monomeler.  placed  in  connection  with  the 
lerinr  tibial  aner)-  of  a  boy  whoftc  leg  was  to  be  amput.ited,  iot>c  100  10  160  mm.  Ilg.  The  ele- 
ion  with  each  puUe  beat  was  17  tf> 

Fig.  loa. 
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LV.  R,A. 

Scheme  nf  the  height  nl  tho  blood  pr««sara,  in  A,  llie  arteries;  C, 
capiUorloi,  mmiI  V,  vclrw;  0~0i  tft  the  *lfH:is&A  or  line  of  no 
prcMkirv;  L.  V,.  IrO  venirictn,  and  R.  A..rij{hl  >uricte:  B.  P., 
the  height  uf  the  blood  preuure. 


ao  mm. ;  coughing  raised  it  to  20  to  30 
nm.:  light  bandaging  of  the  healthy 
tw,  15  mm,  ;  while  pa.ssive  elevation 
of  tlic  body,  whereby  the  hydrostatic 
actitm  of  the  column  of  blood  was 
brought  into  play,  raised  it  40  mm. 

The  pressure  in  the  aorta  oi  mam- 
■ulU  varies  from  200  to  250  mm.  lig. 
As  a  general  rule,  the  t>loo<l  pressure  iu 
Usfe  animals  ii  higher  than  in  small 
attimals,  lircause  in  the  former  the  bIot>d 
channel  is  considerably  longer,  and 
there  is  greater  resistance  to  be  over- 
come. In  very  young  and  in  very  old 
animals  the  preuutc  is  lower  than  in 
individuals  in  die  prime  of  life. 

Tike  anertal  pressure  in  the  fcetus  is  scarcely  the  half  of  that  of  the  newly-born,  while  the  venous 
prranirr  a  higher,  the  dinercncc  of  prcisure  between  arterial  and  vcuuus  IJlood  being  scarcely  half 
10  crcal  as  in  adult  animals  (CoknUtin  ana  ZumJi). 

The  Arterial  blood  pressure  is  highest  in  the  aorta,  and  falU  as  we  pass 
toward  the  smaller  vessels,  but  the  fall  i.s  very  gradual,  as  shown  in  Fig.  102. 

A.  great  fall  takes  place  as  we  pass  from  the  area  of  the  arterioles  into  the  capil- 
lary area  ( C),  while  it  is  less  in  the  venous  area,  and  negative  near  the  heart,  as 
inditaicd  in  the  dotted  line  passing  below  the  abscissa,  so  that  the  pressure  is 
lowest  in  the  cardiac  ends  of  the  vcnas  cavre  (compare  Fig.  108). 

(A)  Branching  of  the  Blood  Vessels. — Within  the  large  arteries  the  blood 
pressure  diminishes  relatively  lutie  as  we  pass  toward  the  periphery,  because  the 
Oiffcrrncx-  of  the  resistance  in  the  different  sections  of  Large  tubes  is  very  small. 
As  soon,  however,  as  the  arteries  begin  to  divide  frequently,  and  undergo  a  con- 
siderable diminution  in  their  lumen,  the  blood  pres^sure  in  them  rapidly  diminishes, 
10 
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because  the  propelling  energy  of  the  blood  is  much  weakened,  owing  to  the  resist- 
ance which  it  has  lo  overcome  (§  99). 

(r)  Amount  of  Blood. ^The  blood  pressure  is  increased  ^Xh  greaUr  fiiting 
0/  the  arteries^  and  vice  rrrstS ;  hence  it 


With  iucrcascd  and  accelcralCfJ  action 

of  the  heut ; 
In  plctlioric  persons: 
Afirr considerable  increase  nrthe  r^iinii- 

ttty  of  blood   by  direct  iraiufusion, 

or  after  a  copious  meal. 


1.  During  diminished  and  enfeebled  actino 

of  the  beait ; 

2.  In  anxinic  persons; 

3.  After  heniorTha(*e  or  considerahte  ex- 

cretions from  the  blood  hy  sweating, 
the  urine,  severe  diarrhfca. 


The  blood  pressure  does  not  viry  in  the  same  |iroportion  as  the  variations  in  the  ainounr  -^  '••' 
The  vascular  avslcm,  in  virtue  of  its  muscular  tissue,  has  ihc  property,  uithin  tilicrally  wi 
of  accummudating  itself  lo  larger  or  smaller  i(uajitttic!>  uf  blood  (C.  Lm/wn'  ani/  ll'orm  . 
102,  (/).     [Ill  fact,  a  large  amount  of  blood  mav  t>e  iraiisfufcd  without  materially  raising  ilic  hlood 
pressure.]     Small  and  moderate  hemorrhages  (in  ihe  dog  lo  2.8  per  cent,  of  the  bo«ly  wci^jJit  1  b^rf 
no  obvious  effect  on  the  blood  piessure.     After  a  Uigbt  loss  of  blood  the  preMure  mav  < 
{IVcrm  Miiller),     If  a  large  amount  of  blood  be  withdrawn,  it  causes  a  ereat  fall  uf  r 
pressure  {//aUs,  Mngen^it),  and  when  hemorrhage  occurs  to  4,-6  per  cent,  oflhc  hody  v  - 
blood  pressure  ^  0.     The  transfusion  of  a  wtii/irr^i/f  amount  of  blood  does  not  raise  the  li 
rial  I>1(kk1  pressure.     [There  are  imponant  practical  cieductions  from  these  exjieiimeni^,  «>. 
the  blood  pressure  cannot  be  diminished   directly  by  moderate  bloodletting,  atid  thai  Uie 
pressure  is  not  necessarily  high  in  plethoric  persons.] 

(//)  Capacity  of  the  Vessels. — The  arterial  pressure  rises  when  the  capacilfj 
of  the  arterial  syscetii  is  diminished,  and  conversely.  The  plain,  cirriiIariy-[ 
disi>osed  muscular  fibres  of  the  arteries  are  the  chief  agents  concerned  in  this  pro-; 
cess.  When  they  relax,  the  arterial  blood  pressure  falls,  and  when  they  contrart,{ 
it  rises.  These  actions  of  imuscular  fibres  are  controlled  and  regulated  by  Che] 
action  of  the  vasomotor  nerves  (§  371 ). 

{e)  Collateral  Vessels. — The  arterial  pressure  within  a  given  area  of  ihc] 
vascular  system  mtist  rise  or  fall  according  as  the  neighboring  areas  are  diminished, 
whether  by  the  application  of  pressure,  or  a  ligature,  or  arc  rendered  tm|jer\iou4, 
or  as  these  areas  dilate.  The  application  of  cold  or  warmth  to  limited  areas  of 
the  body — increasing  or  diminishing  the  atmospheric  pressure  on  a  part — the 
paralysis  or  stimulation  of  certain  va.somotor  areas  {§  371),  all  produce  remark- 
able variations  in  the  blood  pressure.  [The  effect  of  dilatation  of  a  large  vascu- 
lar area  on  the  arterial  pressure  is  well  shown  by  what  happens  when  Ihe  blood 
vessels  of  the  abdomen  are  dilated.  If  the  central  end  of  the  supenor  car- 
diac nerve  of  a  ralibit  t>e  stimulated,  after  a  few  seconds  the  blood  vessels  of  the 
abdomen  dilate,  and  gradually  there  is  a  steady  fall  of  the  blood  pressure  in  the 
systemic  arteries.  Fig.  103  is  a  blood-pressure  tracing  showing  the  height  of  the 
blood  pressure  before  stimulation,  a.  The  stimulation  was  continued  from  a  lo  A. 
and  after  a  certain  intent  period  there  is  a  steady  fall  of  the  blood  pressure.  The 
nerve  which  causes  this  reflex  dilatation  of  the  abdominal  blood  vessels,  and  con- 
sequent lowering  of  the  blood  pressure,  is  also  called  the  depressor  nerve] 

(/)  Respiratory  Undulations. — The  arterial  pressure  also  undergoes  regu- 
lar variations  or  undulations  owing  to  the  respiratory  movetnents.  These  undula- 
tions are  called  respiratory  unJuiations  (Figs.  99  and  104).  Stated  broadly, 
during  every  strong  inspiration  the  blood  pre-ssurc  falls,  and  during  expiration  tt 
rises  (§  7*1).  This  is  not  quite  correct  (see  below).  These  undulations  may  be 
explained  by  the  fact  that,  with  every  exi)iration,  the  blood  in  the  aorta  is  sub- 
jected to  an  increase  of  pressure  through  the  compressed  air  in  the  chest  ;  with 
every  inspiration,  on  the  other  hand,  it  is  diminished,  owing  to  the  rarefaction  of 
the  air  in  the  lungs  acting  ujion  the  aorta.  Besides,  the  inspiratory  movements  of 
the  chest  aspirate  blood  from  the  vense  cavK  toward  the  heart,  while  expiration 
retards  it,  and  thus  influences  the  blood  pressure.  The  tmdulations  are  most 
marked  in  the  arteries  lying  nearest  to  the  heart.     The  respiratory  undulations  are 
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due  in  part  lo  a  stimubtion  or  condition  of  excitement  of  the  vasomotor  centre, 
which  runs  paraMel  with  the  respiratory  movements.  J'his  stimulation  of  the 
vasomotor  centre  causes  the  arteries  to  contract,  and  thus  the  blood  pressure  is 
raised.  The  variations  in  the  pressure  which  depend  upon  a  varying  activity  of 
the  vasomotor  centre  are  known  as  the  "curves  of  Traube  and  Hering"  (p. 

Fig.  103. 


&]rtuaKni)>ht«:    tntcinc  *h«)win];  llic  effect  on   tiic  ti|iK)<i  produce  ul   itimui.iiiuii  u^   ilic  •  ctitral  end  of  the  (Jc|ireuor 
nrrve  in  the  rabbit.     SiimuUiton  begiui  u  ii  and  ended  ai  /;  o-x,  the  nbsciuii. 

148).  In  Fig.  104  are  represented  a  blood  pressure  tracing  and  a  curve  of  the 
movements  of  respiration  ( thick  line)  taken  simultaneously  in  a  dog  by  C.  Ludwig 
and  Kinbrodt.  The  blood-pressure  tracing  was  obtained  from  the  carotid  artery, 
while  the  pressure  within  the  thorax  was  measured  by  means  of  a  manometer 
placed   in  connection  with  one  pleural  cavity.     In   this  curve,  when  expiration 

Fig.  104. 


KyMofnphic  Mood  praMUK  tncinc  (upper,  tHIn  tine),  and  respintifm  curve  (lower,  thick  lUie),  taken  ftimulnneoukly. 
^(,  capinilMin.  r«.  ifupiralitm;  c.c.  heart  beats.    The  large  curv«i  In  the  blood-prtMure  tnelBf  are  due  to 

begins  fat  cv),  and  as  the  expiratory  pressure  rises,  the  blood  prc^iiire  rises,  while 
when  inspiration  begins  (at  in)  both  fall.  The  blood  curve,  however,  begins  to 
rise  (at  c)  before  expiration  commences,  /.  £..  during  the  last  part  of  the  act  of 
ins7>iration.  This  is  due  to  the  contraction  of  the  arteries,  caused  by  impulses 
sent  from  the  vasomotor  centre.     It  is  also  aided  by  the  circumstance  that  during 
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inspiration  there  is  an  increased  inflow  of  venous  blood  to  the  heart,  so  that  when 
it  contracts  more  blood  is  forced  into  the  arteries.  [The  maxima  and  minima  of 
the  two  cu^^•es  do  not  coincide  exactly,  but  in  addition  the  mtmher  of  pulse  beats 
is  greater  in  the  ascent  than  in  the  descent.  This  is  well  marked  in  a  blood- 
])ressnre  tracing  from  a  dog's  carotid,  while  in  a  rabbit  this  difference  of  the  pulse 
rate  is  but  shghtly  marked.  The  smaller  number  of  pulse  beats  during  the  descent, 
— /.  c  during  the  greater  part  of  expiration — is  due  to  the  activity  of  the  cardio- 
inhibitory  centre  in  the  medulla  oblongata.  This  is  proved  by  the  fact,  that  sec- 
tion of  both  vagi  in  the  dog  causes  the  difference  of  pulse  rate  to  disapi)ear,  while 
other  conditions  remain  the  same  as  before,  except  that  the  heart  beats  more 
rapidly.  It  would  seem  that  during  the  ascent,  the  cardio-inhibitory  centre  is 
comparatively  inactive.  It  is  clear,  therefore,  that  the  respiratory  and  cardio- 
inhibitory  centres  in  the  medulla  oblongata  act,  to  a  certain  extent,  in  unison, 
so  that  it  Ls  reasonable  to  suppose  that  other  centres  situated  in  close  proximity  to 
these  may  also  act  in  unison  with  them,  or,  as  it  were,  *'  in  sympathy."  A* 
already  stated,  the  vaso-motor  centre  is  also  in  action  during  a  particular  part 
of  the  tiqie.] 

[If  a  dog  be  curarized  and  artificial  respiration  established,  the  respiratory 
undulations  still  occur,  although  in  a  modified  form.  In  arli6cial  respiration,  tbe 
mechanical  conditions,  as  regards  the  inlra-thoracic  pressure,  are  exactly  the  reverse 
of  those  which  obtain  during  ordinarj'  respiration.  Air  is  forced  into  the  chest 
during  artificial  respiration,  so  that  the  pressure  within  the  chest  is  increased  during 
inspiration,  while  in  ordinary  inspiration  the  pressure  is  dimmished.  Thus,  the 
same  mechanical  explanation  will  not  suffice  for  both  cases.] 

If  the  artificial  respiration  be  suddenly  interrupted  in  a  curarized  animal,  the 
blood  pressure  rises  steadily  and  rapidly.  This  rise  is  due  to  the  stimulation  of 
the  vasomotor  centre  in  the  medulla  oblongata  by  the  impure  blood.  This  causes 
contraction  of  the  small  arteries  throughout  the  body,  which  retards  the  outflow 
from  the  large  arteries,  and  thus  the  pressure  within  them  is  raised.  [Stated 
broadly,  the  arterial  pressure  depends  on  the  central  organ — the  heart,  and  on 
the  condition  of  the  peripheral  organs — the  small  arteries.  Both  are  influenced 
by  the  nervous  system.  If  the  action  of  the  vasomotor  centre  be  eliminated  by 
dividing  the  spinal  cord  in  the  cervical  region,  arrest  of  the  respiration  causes  a 
very  slight  rise  of  the  blood  pressure  ;  hence,  it  is  evident  that  venous  blood  acts 
but  slightly  on  the  heart,  or  on  any  local  peripheral  nervous  mechanism,  or  on  the 
muscular  fibres  of  the  arteries.  This  experiment  shows  that  it  is  the  vasomotor 
centre  which  is  specially  acted  upon  by  the  venous  blood.] 

[Traube-Hering  Curves. — The  following  experiment  proves  that  the  varying 
activity  of  the  vasomotor  centres  suffices  to  produce  undulations  in  the  blood- 
pressure  tracing.  Take  a  dog,  curarize  it,  expose  both  vagi  and  establish  artificial 
respiration  ;  then  estimate  the  blood  pressure  in  the  carotid.  After  section  of  the 
vagi,  the  heart  will  continue  to  beat  more  rapidly,  but  it  will  be  undisturbed  by 
the  cardio-inhibitory  centre.  Thus  the  central  factor  in  the  causation  of  the  blood 
pressure  remains  constant.  Suddenly  interrupt  the  respiration,  and,  as  already 
stated,  the  blood  pressure  will  rise  steadily  and  uniformly,  owing  to  the  stimula- 
tion of  the  vasomotor  centre  by  the  venous  blood.  In  this  case  the  fftripheriti 
factor  or  state  of  tension  of  the  small  arteries  throughout  the  body  is  influenced 
by  the  condition  of  the  nerve  centre  which  controls  their  action.  After  a  time, 
the  blood  pressure  tracing  shows  a  series  of  bold  curves  higher  than  the  original 
tracing.  These  can  only  be  due  to  an  alteration  in  the  slate  of  the  small  arteries, 
brought  about  by  a  condition  of  rhythmical  activity  of  the  vasomotor  centre. 
These  cur\es  were  described  and  figured  by  Traube,  and  are  called  the  Traube  or 
Traube-Hering  curves.  As  in  other  conditions,  stimulation  gives  place  to  exiiaus- 
tion,  and  soon  the  venous  blood  paralyites  the  v;isomotor  centre  and  the  snmll 
arteries  relax,  blood  flows  freely  out  of  the  larger  arteries,  and  the  blood  pressure 
rapidly  sinks.     Variations  in   the   blood    pressure   have    been  observed   after  a 
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:hanical  pump  has  been  sul>stituted  for  the  heart,  i.e.,  after  all  respiratory 
lovcments  have  been  set  aside,  so  that  the  only  factor  which  would  account  for 
the  jihenomena  of  the  Traube-Hering  curves  is  the  variation  in  the  peripheral 
resistance  in  the  small  arteries,  determined  by  the  condition  of  the  vasomotor 
centre] 

Varutions. — Tlie  r»;nratary  unduliuiotu  of  the  blood  pressure  become  mnrc  pronounced  the 
tcr  the  fuTce  uf  tlic  respirations,  which  prorluce  greater  variations  of  ilic  intra- thoracic  iwessure. 
In  man.  the  diminution  of  the  preF«ure  within  the  trachea  is  i  mm.  Ilg,  tiuring  irantjuil  inspiralioD, 
while  *lurtng  forced  respiration,  when  the  reapiralory  |>3ssage  ii  closed,  it  may  be  57  mm.  Con- 
versely, during  ordinary  expiroilun,  the  pressure  is  increased  wiihin  the  iracUea  2-3  mm.  Hg,  while 
dtinnf:  forced  expiration,  owing  to  the  compression  of  the  atKtominal  mu&cles,  it  roay  reach  87 
mnt.  Hg. 

Other  Factors. — The  increase  of  Ihe  Wood  pressure  during  inspiration,  as  well  as  the  fall  during 
tpirahon,  muM,  in  pan,  depend  upon  the  pressure  within  ihc  abdomen.    .\s  tlic  diaphragm  ilescends 
tnspiraliun,  it  presses  upon  the*  aUluminat  contcms,  including  the  abdominal  ve»els,  whereby 

Viii.  105. 


(FMCing  Utkcn  with  M  mcnruriiii  LyiiiuKrafh  Iniiii  ihc  c^ruiiil  xf  11  rjlilitt .  «-.«-,  tfli»c)a«» :   vague  nerve 
ttimuliitcd  ticiH't^ci)  the  vcrticaJ  line*,  a  and  />. 


the  blood  pref^^ure  must  be  increased.     The  reverse  effect  occurs  during  expiration  {St^Wfinhurz). 

rSeciion  ol  bmh  phrenic  nerves  and  opening  of  the  abdominal  cavity  caii»e  the  tc^piraiory  uinlula- 

ons   »Im"5t   entirely  lo   disappear.     The  respiratory   uiidulations,  llicrefnre,  depend   in  ^;real   part 

\tor\  the  changes  of  the  aNlominal  pre&sure  and  the  effect  nf  Ihene  changes  on  the  amount  of  l»loo<) 

the  alwhnninal  vt'^'.cls.     When  making  a  IdtHhl-pressure  ex[>erii[>ent,  ptessurs  upon  the  alxlomefi 

'^^Of  iJie  animal  m  ith  the  hand  cause*  the  blood  prewnre  lo  rise  rapidly.] 

ig)  Variations  with  each  Pulse  Beat. — The  mean  arterial  pressure  iinder- 
p^>es  a  vnriaUon  with  each  heart  beat  or  pit  is  e  beat,  causing  the  so-called  pulsatory 
undulations  (I'lg.  104,  c).  The  mass  uf  blood  forced  into  the  arteries  with 
:a*:h  ventricular  systole  causes  a  positive  wave  and  an  increiise  of  the  pressure  cor- 

tponding  with  it,  which,  of  course,  corresponds,  in  its  development  and  in  its 
form,  with  the  pulse  curve. 

la  llie  large  arteries.  Volkroann  found  the  increase  dunitg  the  heart  beat  to  be  =  j*,  (hone)  and 
^  (dog^  of  the  tL4aI  pressure. 
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None  of  the  apparatus  described  in  $  84  f^ives  an  exact  representation  of  ihc  pulse  curve.  They 
nll  show  simply  a  ri-^e  and  fall — a  simple  curve.  The  >phyKn»ogTaph  alone  give*  a  irue  eKprestion 
of  the  undulation&  in  the  blood  pressure  wliich  are  due  to  ihe  heart  beat, 

{/t)  Arrest  of  the  Heart's  Action. — If  the  heart's  action  be  arresied  or 
interrupted  by  continued  stimulation  of  the  vagus  (Brunni'r,  fSsf)'  or  by  a 
high  positive  respiratory  pres^nure  {Einbroiit)^  the  arterial  blood  pressure  falU 
enormously,  while  it  rises  in  the  veins  as  the  blood  flows  into  them  from  the 
arteries  to  C(|uilibrale  the  difference  of  pressure  in  the  two  sets  of  vessels.  This 
experiment  shows  that,  even  when  the  difference  of  pressure  is  ahnost  entirely  set 
aside,  the  passive  blood  presses  upon  the  arterial  walls,  /.<•.,  on  account  of  the 
overfilling  of  the  blood  vessels,  a  slight  pressure  is  exerted  upon  the  walls,  e^'en 
when  there  is  no  circulation  {Bntnner).  [As  already  stated,  the  arterial  pressure 
depends  on  (he  condition  of  the  central  organ^the  heart — and  on  the  |«Tiphcral 
organs — the  small  arteries.  If  the  action  of  the  heart  be  arrested,  then  the  blood 
pressure  rapidly  falls.  Fig.  105  shows  the  effect  on  the  blood  pressure,  of  arrest- 
ing the  action  of  the  heart,  by  stimulation  of  the  peripheral  end  of  the  vagus. 
There  is  a  sudden  fall  of  the  arterial  pressure,  as  shown  by  the  rapid  fall  of  the 
curve  from  «.] 

[Variations  in  Animals. — The  presnure  in  the  arterial  !7Steni  depicnds  upon  the  balance  between 
ihc  inflow  and  the  outflow,  /.  e.,  upon  the  heart  and  the  stale  of  the  arlcriulcs.  Bui  it  is  to  be 
noicd  that  the  central  factor,  the  heart,  varies  in  difTerrni  animals.  In  the  rabbit  the  heart  nunnally 
beats  ra[>idly,  so  that  section  of  the  vagi  does  not  cause  any  great  increase  in  the  nomtier  of  beats, 
nor  is  the  blood  pressure  much  raided  thereby.  In  the  dog,  on  the  other  hand,  the  )«atfi  are 
considerably  increased  by  section  of  ihc  vagi,  while  the  blood  pressure  rises  considerabljr. 
Airopin  paralyzes  the  cardiac  terminations  of  the  vagus,  and  thereby  trebles  the  numlwr  of  heart 
beais  in  ibe  dog,  while  it  only  raises  it  35  per  cent,  in  the  rabbit :  in  man,  again,  the  nuint>er  may 
be  doublet).  As  Durton  has  shown,  this  ditTereacc  of  the  initial  number  of  heart  beats  and  the 
action  of  the  vagus  have  imponani  relations  10  the  action  of  drugs  on  the  blood  pressure.  For 
example,  if  an  intact  rabbit  l>c  caused  to  inhale  amyl  nitrite,  the  blood  pressure  foils  at  once 
and  rapidly,  while  in  the  dog  the  fall  may  be  slight.  The  pul*e  of  the  dog,  however,  is  greatly 
accelerated,  so  much  so  as  10  lie  nearly  as  rapid  as  that  of  the  rabbit.  In  t>o(h.  the  vessels  are 
dilatc<l.  but  in  the  dog,  notwithstanding  this  dilatation,  which  per  se  would  cause  the  pressure  to 
fall,  the  heart  of  the  dog  beats  now  sq  rapidly  as  to  compensate  for  this,  and  thus  keep  the 
blood  pressure  nearly  normal ;  white  the  increased  rate  of  tieaiing  in  the  rabbit  is  not  bufhcient 
for  this  purpose.  If  the  vagi  in  the  dog  be  divided,  the  sulocquent  inhalation  of  omyl  nitrite 
causes  a  fall   of  blorxl  presNure   like  that   in   the   rabbit  {Brutitvn).'\ 

[Relation  of  Blood  Pressure  to  Pulse  Rate. — When  the  blood  pressure 
rises  in  an  intact  animal,  as  a  rule  the  pulse  rate  falls,  owing  to  stimulation  of  the 
vagus  centre  increasing  the  cardio-inhibitory  action,  while  a  fall  of  blood  pressure 
is  accompanied  by  an  increase  of  the  number  of  pulse  beats,  for  the  opposite  rea- 
son, the  action  of  the  medullary  cardio-inhibitory  centre  being  increased.  But 
the  blood  pressure  may  be  increased  either  by  the  action  of  the  heart  or  the  arte- 
rioles. If  we  divide  the  vagi,  the  pulse  beats  more  quickly,  and  in  some  animals 
the  blood  pressure  rises  :  in  this  case,  the  rise  in  the  two  curves  occurs  together, 
and  if  the  vagi  be  stimulated  there  is  a  sudden  fall  of  the  blood  pressure,  due  to 
arrest  of  the  heart's  action,  so  that  again  the  two  curves  are  piirallel.  If  the  arte- 
rioles contract,  the  blood  pressure  rises,  but  by  and  by  the  pulse  rate  falls,  owing 
to  the  cardio-inhibiiory  action  of  the  vagus  ;  while,  on  the  other  hand,  if  the  arte- 
rioles are  dilated,  the  blood  pressure  falls,  and  the  heart  beats  faster.  Thus,  in 
both  of  these  cases  the  pulse  curve  and  blood- pressure  curve  run  in  opposite  direc- 
tions.    These  results  only  obtain  wlien  the  vagi  are  intact  {ffrufiffin].'\ 

For  the  effects  of  the  nervous  system  upon  the  blood  pressure,  sec  "  Vasomotor  Centre"  f| 

371). 

Pathological. — In  persons  suffering  from  granular  or  contracted  kidney  and  sclerosis  of  the 
arteries,  in  lead  poisoning,  and  after  the  injection  of  ergotin.  which  causes  coniraciion  of  the 
small  arteries,  it  is  found,  on  employing  the  method  of  v,  tia)>ch.  that  the  blood  pressure  is  raised. 
It  ih  olvj  increased  in  cases  of  cardiac  hj-pcrtruphy  with  dilatation,  and  by  digilabs  in  cardiac 
affections,  while  it  falls  after  the  injection  of  morphia  {A'rislft/er).  The  bloo<l  pressure  (alls  in  fever 
( /f>/;^/j.  a  fact  also  indicated  in  the  sphygmogram  [\  69].  In  chlorosis  and  phthisi>  the  Uood 
pressure  is  low  (  U'ttitfcnittrg). 
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BLOOD  PRESSURE  IN  THE  CAPILLARIES.— Metfaods.— Direct  estimation  of 
the  capillar;  pressure  is  not  uus^ible,  on  account  uf  the  smallncu  of  the  cipillary  lubes.  If  a  glass 
plate  of  known  ilimension-i  de  place<)  on  a  portion  of  the  skin  rich  in  blood  ve^els,  and  if  it  Ik 
weighted  nnr'il  the  capillaries  become  psiic,  we  obtain  approximately  the  preuure  ncceuary  to  over* 
come  the  capillary  pressure.  N.  v.  Krics  placed  a  small  glass  plate  (Figs.  io6,  107)  z.5-5  sq.  mm., 
oa  A  suitable  part  oftbe  skin,  e^.,  the  skin  at  the  root  of  ihc  nail  on  the  terminal  phalanx,  or  on  the 
car  in  man,  and  on  the  gum  in  rabhtts.  Into  a  scale  pan  attached  to  this.  wetf^hlK  were  placcil  until 
the  skin  became  p«le.  The  pressure  in  the  capillaries  of  the  hand,  when  the  hantl  is  raised,  Kries 
found  tu  t>e  24  mm.  llg. ;  wnen  the  hand  hang«  down,  54  mm.  Hg. ;  in  the  ear,  20  mm. ;  and  in 
(he  gum  uf  a  rabUL,  33  mm. 

[Roy  uid  Graham  Brown  ascenained  the  hydrostatic  pressure  necessar}-  to  occlude  the  ve&^U  in 
fnivpArcDt  i»tns  placed  under  the  microscope.  ^.^.,  the  web  of  a  frog's  fiiot,  tongue  or  mesenter>'  of 
a  frog,  thr  toiU  of  newts  and  small  fishes.  The  up]ier  surface  af  the  part  to  be  investigated,  /.^.,  the 
web  of  a  frog's  foot,  is  made  just  to  touch  a  ihin  gla»  plate.  The  under  surface  is  in  contact  with 
a  delicate  transpaient  membrane  cnvering  the  upper  eml  of  a  small  braist  cylinder,  whose  lower  end 
coniainik  a  piece  of  glas*.  litted  air-light  into  il.  The  interior  of  the  brass  cylinder  communicates  by 
means  of  a  tube  with  an  arrangement  for  obtaining  any  desired  p^e^sure,  and  the  amount  of  the 
pressure  is  indicated  by  a  manometer.  Air  pres.«ure  is  used,  and  this  is  obtained  by  compressing  a 
caoutchouc  bag  t)clwcca  two  brau  platen.  Hie  membrane  to  be  tnvestigateil  lies  between  two  trans- 
parent media,  an  upper  one  of  glosa  and  a  lower  one  of  transparent  membrane,  on  which  the  pres- 
Bure  acts.     Any  cluuigc  in  the  vesseli  is  observable  by  means  of  the  microscope.     These  observers 


Fic.  106. 


Fig.  107. 


tiu»u»cdby*.  Krick  fercailRMling  the  capillar)- pret»urc — •!,  ihc  unatl  Miu-ire  ol' k1*>^' 
p«ii  for  Ln«  wetinu  t»  below,  aod  in  Fit.  10;  sboire. 


In  Pig.  lod  the  Kale 


'      I  Ic  from  their  experiments  that  the  capillaries  are  contractile,  and  that  their  contractility  is,  to  all 

.^ncc,  in  constant  action.     The  regulation  of  the  peripheral  blood  stream  is  t!ae   not  only  to 

inc  crrel>rospinal  vasomotor  centres,  but  also  to  independent  peripheral   va-^omntor  mechanismst, 

which  may  be  nervous  in  their  nature,  or  arc  due  to  some  direct  action  on  the  walls  of  the  vessels 

Conditions  Influencing  Capillary  Pressure. — The  intra-capitlary  blood 
pTCSsare  »n  a  given  area  increases — ( i)  When  the  afferent  small  arteries  dilate. 
When  they  are  dilated,  the  blood  pressure  within  the  large  arteries  is  propagated 
more  easily  into  them.  (2)  By  increa-sing  (he  pressure  in  the  small  afferent  arte- 
ries. (3)  By  narrowing  the  diameter  of  (lie  veins  leading  from  the  capillary  area. 
CloFSurc  of  the  veins  may  quadruple  the  pressure  (7-.  Knes).  (4)  By  increasing 
Ihe  pressure  in  the  veins,  €.g.,  by  altering  the  position  of  a  limb).  A  diminution 
of  the  capillary  pressure  is  caused  by  the  opposite  conditions. 

Chnnjjcs  iti  the  diameter  of  the  capillaries  influence  the  internal  pressure.  We  have  to  con- 
mltr  the  movement*  of  Ihc  capillary  wall  ilsclf  {prolnplasm  mnvcmenls.  5/Wi'frrr — p.  Ii5liaswell 
as  ihc  pressure,  swelling  an<l  consiitencc  of  the  surrounding  tiMiies.  The  resistance  to  the  blood 
lUcam  is  greatest  in  the  capillar}'  area,  and  it  is  cvi<letit  ihnt  the  blood  in  a  lung  capilUry  must  ei\ert 
nor*  pressure  at  the  commencement  than  at  the  end  of  the  capillary  -.  in  the  middle  of  the  capillary 
area  tne  blood  pressure  is  just  about  one-half  of  the  preasure  within  the  large  arteries  \Dfindfr$). 
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The  capillary  preuure  must  also  vary  in  difTereni  pant  of  ibc  body.  Thus,  the  presare  within  the 
intestinal  capillaricf,  in  those  con^limiing  the  glunicnili  of  the  ktdncv,  and  in  those  of  lover  limb* 
when  the  [>crson  is  in  the  erect  posture,  must  be  greater  than  in  other  reruns,  depeiidinf;,  in  the 
former  cnscs,  partly  upon  the  double  resiUAnce  caused  by  two  sets  of  capilhuies,  and  in  the  latter 
case  partly  on  purely  hydrostatic  cau*cs. 

87.  BLOOD  PRESSURE  IN  THE  VEINS.—In  the  large  venous 
trunks  near  tlie  heart  (innominate,  subclavian,  jugular)  a  mean  negative  pressure 
of  about  —  0.1  mm.  Hg.  ^rcwA\h{N.  Jacobson).  Hence,  the  lymph  stream  can  flow 
unhindered.  As  the  distance  of  the  veins  from  the  heart  increases,  there  is  vigrtufuai 
increase  of  the  lateral  pressure;  in  the  external  facial  vein  (sheep)  ^  -f-  3  mm.; 
brachial,  4.1  mm.,  and  in  its  branches  9  mm,;  crural,  11.4  mm.  {Jacobson). 
['I'he  pressure  is  said  to  be  negative  when  it  is  less  than  that  of  the  atmosphere.] 

[The  gradual  fall  of  the  blood  pressure  from  the  capillary  area  (C)  to  the  venous 
area  (\0  is  shown  in  Tig.  108,  while  within  the  thorax,  where  the  veins  terminate 
in  the  right  auricle,  the  pressure  is  negative.] 

Conditions  Influencing  the  Venous  Pressure. — (i)  All  conditions  which 
diminish  the  difference  of  pressure  between  the  arterial  and  venous  systems  increase 
the  venous  pressure,  and  vice  versd. 

(2)  General  plethora  of  blood  increases  it ;  anaemia  diminishes  it. 

(3)  Respiration,  or  the  aspiration  of  the  thorax,  aflfects  specially  the  pressure  in 
the  veins  near  the  heart;  during  inspiration,  owing  to  the  diminished  tension, 
blood  flows  toward  the  chest,  while  during  expiration  it  is  retarded.  The  effects 
are  greater  the  deeper  the  respiratory  movement,  and  these  may  be  very  great 
when  the  respiratory  pa.ssages  are  closed  ( §  60). 

[When  a  vein  is  exposed  at  the  root  of  the  neck,  it  collapses  during  tnspiratioD.  and  fill*  during 
eupiralion — a  fact  which  wa«  Icnown  to  Valsalva.  The  re!ipirator>'  movements  do  not  aflect  the 
venous  stream  in  peripheral  veins.  The  veins  of  the  neck  and  face  become  distended  with  blood 
during  crying,  and  on  making  violent  expiratory  efibrts.  as  in  blowing;  upon  a  wind  tn^tnimenl, 
while  every  surgeon  is  well  acquainted  with  the  fact  that  air  is  particularly  a|)t  to  be  sucked  into  the 
veins,  especially  in  operations  near  the  root  of  the  neck.  Tliis  is  due  to  the  negative  intra  thoracic 
preuure  occurring  during  inspiration.] 

-Blood  is  sucked  or  aspirated  into  the  auricles 
when  they  dilate  (p.  77),  so  that  there  is  a  double 
aspiration — one  synchronous  with  inspiration,  and 
the  other,  which  is  bu!  slight,  synchronous  with 
the  heart  buai.  There  is  a  corresponding  retarda- 
tion of  the  blood  stream  in  the  vena;  cava:,  caused 
by  the  contraction  of  the  auricle  (see  p.  75,  a). 
The  respiratory  and  cardiac  undulations  arvocca- 
sionally  observable  in  the  jugular  vein  of  a  healthy 
jierson  (§99). 

[Oraune  Viewed  that  the  fraioral  vein  under  Poopon'« 
ligament  collapsed  when  the  lower  limb  was  rotated  out- 
ward and  backward},  but  6tled  again  when  the  limb  was 
restored  to  its  former  position.  All  the  veins  which  otten 
into  the  femoral  vein  have  valves,  which  permit  blood  to 
IMUs  into  the  femoral  vein,  but  prevent  its  rcllux.  Thi* 
mechanism  acts,  to  a  slight  degree,  as  a  kind  of  suctinn  An>l 
preasure  appatatus  when  a  person  walks,  and  thus  favors  the 
onward  movement  of  the  blood.] 

(5)  Changes  in  the  position  of  the  limbs  or  of 
the  body,  for  hydrostatic  reasons,  greatly  alter 
the  venous  pressure.  The  veins  of  the  lower  ex- 
tremity bear  the  greatest  pressure,  while,  at  the 
same  time,  they  contain  most  muscle  (A'.  Banieieben^  §65).  Hence,  when  these 
muscleSf  from  any  cause,  become  insufllicient,  dilatations  occur  in  the  veins,  giving 
rise  to  the  production  of  varicose  veins. 


(4)  Aspiration  of  the  Heart, 
Fic.  loS. 


IRAX 


Scheme  of  the  blood  prc^Mire.  H .  hean  :  a, 
auricle,  r.  vcnlrictc:  A,  arterial:  C. 
capillary;  and  V,  venous  ar«A>.  The 
circle  indicate*  the  t»inii  wtthln  the  tho- 
nui ;  6.  P.,  presMirc  In  the  aoita. 
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[(6)  Movements  of  Ihe  VohtHtary  MuscUs. — Veins  which  lie  between  muscles 
are  compressed  when  these  muscles  contract,  and  as  valves  exist  in  the  veins,  the 
flow  of  the  blood  is  accelerated  toward  the  heart :  if  the  outflow  of  blood  be 
obstructed  in  any  way»  then  the  venous  pressure  on  the  distal  side  of  the  obstruc- 
tion may  be  greatly  increased.  When  a  fillet  is  tied  on  the  upper  arm,  and  the 
person  moves  the  muscles  of  the  forearm,  the  superficial  veins  become  turgid,  and 
can  be  distinctly  traced  on  the  surface  of  the  limb.] 

[(7)  Grai'ity  exercises  a  greater  effect  upon  the  olood  stream  in  the  extensile 
veins  than  upon  the  stream  in  the  arteries.  It  acLs  on  the  distribution  of  the 
blood,  and  thus  indirectly  on  the  motion  of  the  blood  stream.  It  favors  the 
emptying  of  descending  veins,  and  retards  the  emptying  of  ascending  veins,  so 
that  the  pressure  becomes  less  in  the  former  and  greater  in  the  latter.  If  the  posi- 
tion of  the  limb  be  changed,  the  conditions  of  pressure  are  also  altered  {Pas- 
ikuiin).  If  a  person  be  suspended  with  the  head  banging  downward,  the  face 
soon  becomes  turgid,  the  position  of  the  body  favoring  the  inflow  of  blood 
through  the  arteries,  and  retarding  the  outflow  through  the  veins.  If  the  hand 
hangs  down  it  contains  more  blood  in  the  veins  than  if  it  is  held  for  a  short  time 
over  the  head,  when  it  becomes  pale  and  bloodless.  As  Lister  has  shown,  the 
condition  of  the  vessels  in  the  limb  are  influenced  not  only  by  the  position  of  the 
limb,  but  also  by  the  fad  that  a  nervous  met  hanism  is  railed  into  play.] 

[Ligature  of  the  Portal  Vein, — The  pressure  and  other  conditions  vary  in  particular  veins. 
Thus,  if  the  por/ai  xtim  be  ligatured,  there  is  congeMion  of  ihe  capillaries  and  rootlets  of  the  ponnl 
vein,  and  dilaution  of  all  the  blood  vessels  in  The  abdomcti,  and  gradually  nearly  all  the  bluo'J  of 
the  animal  accumulates  within  its  belly,  so  that,  paradoxical  as  it  may  seem,  an  animal  may  be  bled 
into  it»  own  belly.  As  a  coniequence  of  iuJJftt  and  compi^tt  ligature  of  this  vein,  the  arterial  b1'>od 
pressure  gradually  and  rapidly  falls,  and  the  animal  dies  very  quickly.  If  the  ligature  be  icmovcd 
before  the  bloml  pressure  falU  too  much,  the  animal  may  recover.  [SchifT  and  Laulcnbnch  regard 
the  symptoms  as  due  chletly  to  the  action  of  a  poison,  for  when  the  blood  of  the  portal  ve'n  in  an 
Animal  treated  in  this  way  is  injected  into  a  frog,  it  causes  death  within  a  few  hours,  while  the  ordi- 
nary' blood  of  the  portal  vein  has  no  such  effect.] 

Ligature  of  the  Veins  of  a  Limb. — 'Hie  tfffect  of  ligaturing  or  compressing  all  the  veins  of  a 
limb  t«  well  seen  in  cases  where  a  lurida|;c  has  been  applied  too  tightly.  It  Icails  to  cfnigeslion  and 
increase  of  pressure  within  the  veins  and  ca|HlIaries,  increased  tran^-udatton  of  tluid  ihruugli  the  capil- 
laries, and  con«r<]ucr^t  etdema  of  the  partf  tjeyond  the  obstniction.  Ligature  of  one  vein  does  not 
always  produce  <fdema,  but  if  several  veins  of  a  limb  be  ligatured,  and  the  vasomotor  nerves  be 
divifled  at  the  same  time,  the  rapid  produciiuii  uf  (cJema  ia  ensurctl.  In  pathological  cases  the 
prrBure  of  a  tumor  ui<on  a  large  \cin  may  produce  similar  results  ( \  20J).] 

88.  BLOOD  PRESSURE  IN  THE  PULMONARY  ARTERY.  —  Methods.  — (l) 
Direct  estimation  <if  the  tilood  pressure  in  the  pulmonary  artcr>'  by  opening  tlic  chest  was  niaile 
Inr  C.  l,udwig  and  Ileuiner  ( 185a).  Artilicial  respiration  wa«  kept  up.  and  the  manometer  was 
placed  in  connection  with  the  teO  branch  of  the  pulmonary  artery.  Ihe  circulation  through  the 
left  lung  of  cats  and  rabbits  was  thereby  complclely  cutoff,  and  in  dogs  to  a  great  extent  inter- 
rupted. There  was  .nn  aHHition.-il  disturlting  element,  viz.,  the  removal  of  the  elastic  fnrce  of  the 
lungs  owing  to  the  opening  of  the  chest,  whereby  the  venous  blood  no  longer  Rnws  normally  into 
the  right  heart,  while  the  right  hcirt  itself  is  under  the  lull  pressure  of  the  atmosphere. 

The  estimated  pressure  in  the  dog  =  29.6;  in  the  cat  =  17,6;  in  the  rabbit,  12  mm.  Hg.,  J.  /., 
fio  the  dug  3  times,  the  rabbit  4  limes,  and  the  cat  5  limes  less  than  the  carotid  pressure. 

(j)  Heriiig  (1850)  eKperimentcd  upon  a  calf  with  ectopia  cordis.  He  introduced  glass  tubes 
^directly  into  the  heart,  by  pujthing  them  ihrongh  the  muscular  walU  of  the  ventricles,  The  blood 
rose  lo  the  height  of  31  inches  in  the  right  lube,  and  33.4  inches  in  the  left 

(3)  rhauveau  and  I-'aivre  (1856)  introduced  a  caiheier  thiough  the  jugular  vein  into  the  right 
\eniricle,  and  placed  it  in  connection  with  a  recording  tambour  (p.  85). 

Indirect  measurements  have  Ijeen  iiiade  by  comparing  the  relative  thickness  of  the  walls  of 
Ihe  right  and  left  ventricles,  or  the  walls  of  the  pulmonary  artery  and  aorta,  for  there  must  be  a  re- 
[Istton  iKtwecn  ttic  prefiure  and  the  thickness  of  the  muscle  in  the  two  cases. 

Bctttner  and  Marey  estimated  the  relation  of  the  ]>ulmonary  artery  to  the  aortic 
pressure  as  i  lo  ^  ;  Cloltz  and  (laule  as  2  to  5  ;  Kick  and  Hadoud  found  a  pres- 
sure of  60  mm.  m  the  pulmonary  artery  of  the  dog,  and  tn  the  carotid  in  mm. 
Hg.  The  blood  pressure  within  the  pulmonary  artery  of  a  child  is  relatively 
higher  than  in  Ihe  adult  {Beneke), 
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Elastic  Tension  of  Lungs. — The  lungs  within  the  chest  are  kept  in  a  state 
of  distention,  owing  to  the  fact  that  a  negative  pressure  exists  on  their  outer  pleural 
surface.  \Vhen  the  glottis  is  open,  the  inner  surface  of  the  hing  and  the  walls  of 
the  capillaries  in  the  pulmonary  air  vesicles  are  exposed  to  the  full  pressure  of  the 
air.  The  heart  and  the  large  blood  vessels  within  the  chest  are  not  exposed  to  the 
full  pressure  of  the  atmosphere,  but  only  to  the  pressure  which  corresponds  to  the 
atmospheric  jiressurc  minus  the  pressure  exerted  by  the  elastic  traction  of  the 
lungs  I  Ji  60).  The  trunks  of  the  pulmonary  artery  and  veins  are  subjected  to  the 
same  conditions  of  jjressure.  The  clastic  traction  of  the  Kings  is  greater  the  more 
they  are  distended.  The  blood  of  the  pulmonary  capillaries  will,  therefore,  tend 
to  flow  toward  the  large  blood  vessels.  As  the  elastic  traction  of  the  lungs  acts 
chiefly  on  the  thin-walled  pulmonary  veins,  while  the  semilunar  valves  of  the 
pulmonary  artery,  as  well  as  the  systole  of  (he  right  yentrirlc,  jirevent  the  blood 
from  flowing  backward,  it  follows  that  the  blood  in  the  capillaries  of  the  lesser 
circulation  must  flow  toward  the  pulmonary  veins. 

If  lubes  with  thin  walls  be  placed  in  the  walls  of  an  clastic  distensible  bag,  the 
lumen  of  these  tubes  changes  according  to  the  manner  in  which  the  bag  enclosing 
them  is  distended.  If  the  bag  be  directly  inflated  so  as  to  increase  the  pressure 
within  it,  the  lumen  of  the  tubes  is  diminished  {Futike  and Latschettberger).  If 
the  bag  be  placed  within  a  closed  space,  and  the  tension  within  this  space  !« 
diminished  so  that  the  bag  thereby  becomes  distended,  the  tubes  in  its  wall  dilate. 
In  the  latter  case — viz.,  by  negative  aspiration — the  lungs  are  kept  distended 
within  the  thorax,  hence  the  blood  vessels  of  the  lungs  containing  air  are  wider 
than  those  of  collapsed  lungs  {Quincke  and Pfeiffer,  Boivditch  and  Garhiad,  De 
Jiig€r).  Hence  also,  more  blood  flows  through  the  lungs  distended  within  the 
thorax  than  through  collapsed  lungs!  The  dilatation  which  takes  place  during  in- 
spiration acts  in  a  similar  manner.  The  negative  pressure  that  obtains  within  the 
lungs  during  inspiration  causes  a  considerable  dilatation  of  the  pulmonary  veins 
into  which  the  blood  of  the  lungs  flows  readily,  while  the  blood  under  high  pres- 
sure in  the  thick-walled  pulmonary  artery  scarcely  undergoes  any  alteration.  The 
velocity  of  the  blood  stream  in  the  pulmonary  vessels  is  accelerated  during  iaspi* 
ration  (  De  Jiiget\  Laksque, ) 

The  bloodf  pressure  in  the  pulmonary  circuit  is  raised  when  the  lungs  are  inflated. 
Contraction  of  small  arteries,  which  causes  an  increase  of  the  blood  pressure  in 
the  systemic  circulation,  also  raises  the  pressure  in  the  pulmonary  circuit,  because 
more  blood  flows  to  the  right  side  of  the  heart  (;■.  Opi'ttehowski). 

The  vessels  of  the  pulnionary  circulation  are  very  distensible  and  their  tonus 
is  slight.  [Occlusion  of  one  branch  of  the  pulmonary  artery  does  not  raise  the 
pressure  within  the  aorta  I  Beutner),  Even  when  one  pulmonary  artery  is  plugged 
with  an  embolon  of  paraffin,  the  pressure  within  the  aortic  system  is  not  raised 
( Liehthrim ),  Thus,  when  a  large  branch  of  the  pulmonary  artery  becomes  im- 
pervious, the  obstruction  is  rapidly  comiiensated,  and  this  is  not  due  to  the  action 
of  the  nervous  system,  The  vasomotor  sv'stem  has  much  less  effect  upon  the 
pulmonary  blood  vessels  than  upon  those  of  the  systemic  circulation  {Badrmdt 
HofmokU  Lichtheim),  The  com[»ensalion  seems  to  be  due  chiefly  to  the  great  dis- 
tensibility  and  dilatation  of  the  pulmonary  vessels  {^/Jckthfim).'\ 

We  know  little  of  the  effect  of  physiological  conditions  upon  the  pulmonary 
artery.  .According  to  Lichtheim  suspetision  0/ the  respiration  causes  an  increase  of 
the  pre-ssure.  [In  one  experiment  he  found  that  pressure  within  the  pulmonary 
artery  was  increased,  while  it  was  not  increased  in  the  carotid,  and  he  regards  this 
exjieriment  as  proving  the  existence  of  vasomotor  nerves  in  the  lung.]  Morel 
found  that  electrical  and  mechanical  stimulation  of  the  abdominal  organs  caused  a 
considerable  rise  of  pressure  in  (he  pulmonary  artery  (dog). 

Ifuring  the  aci  of  great  straining,  the  bltjoj  at  first  flows  rapidly  out  of  the  pulmonary  vein*  nnJ 
afterward  ceaM;}  to  flow,  because  the  inflow  of  blood  in  the  pulmonary  veaaels  is  tDlerfered  with. 
As  soon  as  the  straining  ceaies,  blood  flows  rajndly  into  ihe  pulmonary  ressels  {Lalrsque), 
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SeTcrini  foaml  ihu  the  hlood  iircAm  through  ihe  lun^  is  grciicr  and  more  rapid  when  the 
mg*  are  filled  with  nir  rich  in  CO,  than  when  the  air  wiihin  tbcm  is  rich  in  O.  Mc  suppose* 
Ibat  lhe»c  gawi  act  upon  llie  vascular  ganglia  within  the  lung,  and  thus  sffect  the  diamcicr  of 
ihc  ve&srls- 

Pathological.— /wffvdfr  of  Ihe  ^rtssure  within  the  area  of  the  pulnwoary  artery  occur*  frequently 
man,  in  certain  case*  of  heart  disease.     In  ihcse  cases  the  second  pulmonary  ^und  is  always 
:ceDtuaied,  while  ihe  elevation  caused  ihereb>'  in  the  cardiogram  is  always  more  marked  and 
foocnrs  cartter  \\  53). 

[Action  of  Drugs.— The  action  of  drugs  on  the  pulmonary  circulation  may  be  tested  by  Holm- 
pen's  apparaiun.  which  permits  of  diHtention  of  the  lung  and  retention  of  ihe  normal  circulation  in 
the  frog.  Cold  contracts  the  pulmonor)-  capillaries  to  one-third  df  their  diameter  (jSrunfcH),  and 
anaesthetics  arrest  the  pulmonary  circulation,  chlonjform  being  most  and  ether  least  active,  while 
jCthidene  is  intermediate  in  its  effect  {Af  A'tndrUJh,  Coats,  AVtrwdw).] 

[Influence  of  the  Nervous  System. — The  pulmonary  cirrulaiion  is  much 
less  dependent  on  the  nervous  system  than  the  systemic  circulation.  Very  con- 
siderable variations  of  the  blood  pressure  wiihin  ihe  other  parts  of  the  body  may 
occur,  while  the  pressure  within  the  right  heart  and  pulmonary  artery  is  but  slightly 
afTected  thereby.  The  pressure  is  increased  by  electrical  stimulation  of  the  me- 
dulla oblongata^  and  it  falls  when  the  medulla  isdestroyed.  Section  and  stimula 
tion  of  the  central  or  peripheral  ends  of  the  vagi,  stimulation  of  the  splanchnics, 

md  of  the  central  end  of  the  sciatic,  have  but  a  minimal  int^uence  on  the  pressure 

»f  the  ptalraonary  artery  i^Aubirt).'\ 

89  MEASUREMENT  OF  THE  VELOCITY  OF  THE  BLOOD  STREAM.— 
Methods:  iij  A.  W  Volkmann'a  Hsemadromo  meter. — A  glass  tube  of  the  sha|>e  of  a  hair- 
in.  6o-iy>cm.  long  and  2  or  3  mm.  broad,  with  a  scale  etched  on  it,  or  «ttachc<l  to  it,  is  fixed  to  a 
iciallic  basal  plaie,  It,  k)  that  each  limb  passes  to  a  slop-cock  with  three  channels.  The  basal  plate 
perforated  along  iti>  length,  and  carries  at  each  end  short  cannula.-,  r,  f,  which  are  lied  into  the 
CimIs  of  a  divided  artery.  The  whole  apparatus  is  first  filled  with  water  [or.  bctier,  with  salt  solu- 
LtionJ.  The  stop-cocks  are  moved  simultaneously,  2&  they  are  attached  lo  a  tooiheti  wheel,  and  have 
hrsi  Ihc  position  given  in  Fig.  109, 1,  «o  that  the  blnod  stmply  flows  throuj^h  the  liole  in  the  i>a<al 
rpiecc.  i.f.,  directly  frum  one  cod  of  the  artery  to  the  other.  U  at  a  given  moment  the  stop-cock  is 
Turned  in  the  direction  indicated  in  Fig.  109,  II,  Ihe  bkud  has  to  pass  through  ihe  glass  tube,  and 
Ihc  lime  it  lakes  to  make  the  circuit  is  noted,  and  as  the  length  of  the  tube  is  known,  we  can  easily 
■  iaiculatethe  velocity  of  the  bhxid. 

Volkmann  found  the  velocity  to  be  in  the  carotid  (dog)  —  205  lo  357  mm.  ; 
carotid  ( horse)  =  306;  maxillary  (horse)  =  232  ;  metatarsal  =^  56  mm.  per  second. 
The  method  has  very  obvious  defects  arising  from  the  narrowness  of  the  lutie  \  the 
introduction  of  such  a  tul«  offers  new  resistance,  while  there  are  no  respiratory  or 
pulse  variations  oliservable  in  the  stream  in  the  glass  tube. 

(1)  C.  Ludwig  and  Dogiel  (1867)  devised  a  stromuhr  or  rheometcr  for 
me.vs\jring  the  amount  of  blood  which  passed  through  an  artery  in  a  given  time 
'  Kig.  1 10).  It  consists  of  two  glass  bulbs,  A  and  B,  of  exactly  the  same  capacity. 
These  bullw  communicate  with  each  other  above,  their  lower  ends  being  fixed,  by 
means  of  the  tubes,  *■  and  d,  to  the  metal  disk,  f  €^.  This  disk  rotates  round  the 
axis,  X  V,  so  that,  after  a  complete  revolution,  the  lube  c  communicates  with  /, 
and  //with/; /and  ^  are  provided  with  horiitontally  placed  cannula,  k  and*, 
which  are  tied  into  the  ends  of  the  divided  artery.  The  cannula  h  is  fixed  in 
the  central  end,  and  *  in  the  ^icripheral  end  of  the  artery  (^.ji:.,  carotid);  tlie 
balb.  A.  is  filled  with  oil  and  B  with  dcfibrinated  blood ;  at  a  certain  moment  the 
communication  through  h  is  opened,  the  blood  flows  in,  driving  the  oil  before  it, 
and  passes  into  B,  while  the  dctibrinated  blood  flows  through  k  into  the  peripheral 
pan  of  the  artery.  As  soon  as  the  oil  reaches  /« — a  moment  which  is  instantly 
noted,  or,  what  is  liettcr,  inscribed  upon  a  revolving  cylinder — the  bulbs,  A,  B, 
are  rotated  upon  the  axis,  X,  V,  so  that  B  comes  to  occupy  the  position  of  \. 
The  same  experiment  is  rcixrated.  and  can  be  continued  for  a  long  time.  The 
i]uantity  of  blood  which  passes  in  the  unit  of  time  (1  sec.)  is  calculated  from 
the  lime  necessary  to  fill  the  bulb  with  blood.  Important  results  are  obtained  by 
means  of  this  instrument. 
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Volknuna'ft  hcnuidromoiBciertB).  I,  bI<Kl(lfl<fw^  fti>m 
•nery  to  anery :  II,  blood  miitt  pun  thruuDh  the 
elus  tub*  oC  B;  c,  e,  cumuUe  fur  the  dUiiled 
artery. 


Vi««»n;i*«  h*injucli.imetcr.    A,  gla**  ;  *, 
Irance  ;  m,  exit  ctnnuLt ;  /,  pendulum. 


X,  V,  axi«  of  Mtatiott,  A.  B,  jU** 
btiltH  ,  A,  k.  cannulx  liiB<rtcd  In  the  di- 
vided nrtcry  :  <.  rf^.  rouuft  on  g,/:  t. 

Ijc*. 

(3)  Vierordt's  Hsematachometer  (1858)  ciinriits  of 
aKRiall  metal  box  f  Kig.  11 1 1  wiih  parallel  glass  m<1c'4.  To 
the  tiarruw  fiidcs  of  the  box  are  fittct)  an  etilratice.  /.  and  an 
exit  cannula,  a.  In  its  interior  is  Mi$pcndr<l.  against  the 
entrance  o[kcnin^,  a  pendulum,/,  whow  vibrations  may 
be  read  off  on  •  curved  scale.  [Tins  iiutrumenl,  as  well 
as  Volkmann's  apparatus,  have  only  an  historical  intere^.1 

(4)  Chauveau  ami  Lortet's  (Dromograph )  (1S60] 
ii>  constructc'i  "ii  the  same  principle.  A  lube.  A,  B  I  Fig. 
113)  of  ^utlicient  diainrter,  with  a  ^il]e  tube  fixed  to  it, 
C,  which  can  be  placed  in  connection  with  a  manometer, 
is  inlroduced  into  the  caruliti  artery  of  a  horse.  At  «  a 
small  piece  \%  cut  out  and  provided  with  a  covering  of 
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gutta-percha  which  has  a  unall  hole  in  ii;  throufjh  this  a  H^ht  pendulum,  «,  A,  n-ith  a  long  index,  A, 
pcujccis  iftio  ihe  iiilte,  /,  ^.,  inin  the  blood  currem.  winch  causes  the  pendulum  (o  vihratc,  nnd  ihc 
crtcnt  of  the  vtliration«>  can  Iw  read  off  on  a  scale,  S,  S.  G  i&  an  arTjm(j;cmcni  to  permit  the  instni- 
mrnt  ui  be  held.  Buih  this  and  the  former  instrument  are  tested  beforehand  with  a  xtream  of  water 
•eni  through  them  with  varying  velocities. 

FtG.   I  t2. 


ill 


II 


[nph.    A,  D,liit«  inicrled  in  xrtcr)' ;  C,  Utcnil  iiiIm  cODovctcd  wilh  a  in-inomcter :  J,  tnilex  movinf  in  a 
OKiutchuue  mcntlimnc,  * ;  G   haadlc.     Ill,  curve  obtained  by  droinui^mph. 


Fio. 


113- 

i 


tl 


The  curve  of  the  velocity  may  be  written  off  on  a  smoked  glass,  moving  paral- 
lel with  the  index,  fi.  The  dromograph  curve,  III,  shows  the  primary  elevation^ 
P,  and  the  dicrotic  elevation,  R. 

90  VELOCITY  OF  THE  BLOOD  IN  ARTERIES,  CAPIL- 
LARIES AND  VEINS.— (i)  Division  of  Vessels.— In  estimating  the 
velocity  of  the  blood,  it  is  important  to  remember  that  the  sectional  area  of  all 
Ihe  branches  of  the  aorta  becomes  greater  as 
wc  proceed  from  the  aorta  toward  the  capil- 
Uries,  4o  that  the  capillary  area  is  700  times 
greater  than  the  sectional  area  of  the  aorta 
X^yieronfi).  As  the  veins  join  and  form 
larger  trunks,  the  venous  area  gradually  be- 
comes smaller,  but  the  sectional  area  of  the 
venous  orifices  at  the  heart  is  greater  than 
that  of  the  corresponding  arterial  orifices. 
{This  is  shown  in  Fig.  1 13.     We  may  rcpre- 

;nl  the  result  as  two  cones  placed  base  to 
[ba.se,  the  bases  meeting  in  the  capillary  area 
'A'Hjs).     The  sectional  area  of  the  venous 

►rifice  (V)  is  represented  larger  than  that  of 

the  arterial  (.\).     The  increased  sectional  area  influences  the  velocity  of 

Ehe  blood  current,  while  the  resistance  affects  the  |iressnre.] 

The  common  ihAci  are  an  exception :  the  sum  of  their  sectioiml  areas  is  less  than  that  or  the 
aona;  the  sections  iif  i!ie  fniir  pulmonary  veins  arc  togciher  lew  ihan  thai  of  the  pulmonary  anery. 

(2;  Sectional   Area. — -4«  g^uit/  i/uan/t/j  of  MooJ  must  pass  through  every 
:[ion  of  the  circulatory  system,  through  the  pulmonic  as  well  as  through  the 
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syslemic  circulation,  so  that  the  same  amount  of  blood  must  pass  through  the 
pulmonary  artery  and  aorta,  notwithstanding  the  very  unenual  blood  pressure  in 
these  two  vessels. 

(3)  Lumen. — The  velocity  of  the  current,  therefore,  in  various  sections  of 
the  vessels  must  be  inversely  as  their  lumen. 

(4)  Capillaries, — Hence,  the  velocity  must  diminish  very  considerably  as  we 
pass  from  the  root  of  the  aorta  and  the  pulmonary  artery  toward  the  capilbries, 
so  that  the  velocity  in  the  capillaries  of  mammals  =  0.8  millimetre  ]jcr  sec. : 
frog  :^^  0.53  mm.  (£.  If.  Weber)  ;  man  -=■  0.6  to  0.9  (C  Vierordt).  According 
to  A.  \V.  \olkmann.  the  blood  in  mammalian  capillaries  flows  500  times  slower 
than  the  blood  in  the  aorta.  Hence,  on  this  view,  the  total  sectional  area  of  all 
the  capillaries  must  be  500  times  greater  than  that  of  the  aorta.  Donders  found 
the  velocity  of  the  stream  in  the  small  afferent  arteries  to  be  10  times  faster  than 
in  the  capillaries. 

Veins. — The  current  becomes  accelerated  in  the  veins,  but  in  the  larger 
trunks  it  is  0.5  to  0.75  times  less  than  in  the  corresponding  arteries. 

(5)  Mean  Blood  Pressure. — The  velocity  of  the  blood  does  not  depend 
upon  the  mean  blood  pressure,  so  that  it  may  be  the  same  in  congested  and  in 
anaemic  parts  {  Voikmann,  Hering). 

(6)  DifTerence  of  Pressure. — On  the  other  hand,  the  velocity  in  any  sec- 
tion of  a  vessel  is  dependent  on  the  difference  of  the  pressure  which  exists  at  the 
commencement  and  at  the  end  of  that  particular  section  of  a  blood  vessel ;  it 
depends,  therefore,  on  ( i)  the  Hs  a  ttrgn  (/.  <•.,  the  action  of  the  heart),  and  (2) 
on  the  amount  of  the  resistance  at  the  periphery  (dilatation  or  contraction  of  the 
smalt  vessels)  {C.  LuUwig  atiU Xhgief). 

Corresponding  to  the  smaller  difference  in  the  arterial  and  venous  presQre  in  the  fcrtus  {\  8s)t 
the  velocily  of  LlooJ  is  less  in  thi»  owe  {Cohnitein  ami  Zuntz). 

(7)  Pulsatory  Acceleration. — With  every pulsr  i^M/ a  corresponding  accelera- 
tion of  the  blood  current  (as  well  as  of  the  blood  pressure)  takes  place  in  the 
arteries  (pp.  149,  156).  In  large  vessels,  Vierordt  found  the  increase  of  the 
velocity  during  the  systole  to  be  greater  by  %  to  ^<  than  the  velocity  during  the 
diastole.  The  variations  in  the  velocity  caused  by  the  heart  beat  are  recorded  in 
Fig.  112,  obtained  by  Chauveau's  dromograph  from  the  carotid  of  a  horse.  The 
velocity  curve  corresponds  with  a'sphygmogram— ^P  represents  the  primary  eleva- 
tion and  R  the  dicrotic  wave.  This  acceleration,  as  well  as  the  pulse,  disappears 
in  the  capillaries.  A  pulsatory  acceleration,  more  rapid  during  its  first  phase,  is 
observable  in  the  small  arteries,  although  these  are  not  themselves  distended 
thereby. 

(8)  Respiratory  Effect. — Every  inspiration  retards  the  velocily  in  the  arter- 
ies, every  expiration  aids  it  somewhat ;  but  the  value  of  these  agencies  is  very 
small. 

If  we  compare  what  has  already  been  said  reeardiiig  ihe  efTect  of  the  respiration  on  ihe  contrac* 
lion  and  dilatation  of  the  heart  and  on  ihe  blood  stream  I  §  60),  it  is  clear  that  respiration  favorv 
Ihe  blood  stream,  so  iloes  artificial  respiration.  When  artificial  respiration  i^  inierrupted.  the 
blood  stream  becomes  slower  {Dc^/).  If  the  Euspension  of  icspiralion  lasts  somewhat  longer,  the 
current  is  again  accelerated  on  account  of  the  dyspnceic  stimulation  of  the  vasomotor  centre 
{/teidfHMain)  (see  Vasomotor  Centre,  J.  371,  I). 

(9)  Conditions  Affecting  Velocity  in  the  Veins. — Many  circumstances 
affect  the  velocity  of  the  blood  in  the  veins..  { i)  There  are  regular  variations  in  the 
large  veins  near  the  heart  {Valsalva)  due  to  the  respiration  and  the  movementi  of 
the  heart  (§  50  and  60).  (2)  Irregular  variations  due  to  pressure,  e.  g.»  from 
contracting  muscles  (§  &-j)t/n'irtio//  un  the  skin  in  the  direction  or  against  the 
direction  of  the  venous  current :  the  position  of  a  limb  or  of  the  body.  The 
pump-like  action  of  the  veins  of  the  groin  on  moving  the  leg  has  been  referred  to 
(§  S7).     When  the   lower  limb   is  extended  and  rotated  outward,  the  femot«l 
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vein  in  the  iliac  fossa  collapses,  owing  to  an  internal  negative  pressure  ;  when  (he 
thigh  is  flexed  and  raised  it  fills,  under  a  positive  pressure  {Braune).  A  similar 
condition  obtains  in  walking. 

91.  ESTIMATION  OF  THE  CAPACITY  OF  THE  VENTRICLES.— Vicrordt  cal- 
culaicd  the  capacity  of  the  left  ventricle  fram  ihe  velocity  of  ihe  hlood  stream,  and  the  amount  of 
Moot!  discharged  per  second  by  the  right  carotid)  fi^K  subclavian,  the  two  coronary  arteries,  and 
the  aorta  below  the  orifjin  of  liic  innominate  artery.  He  estimated  that  with  every  systole  uf  the 
hean,  17a  cubic  centimetres  (equal  to  182  grammes  or  6  oz.)  of  blood  was  discharged  into  the 
ar/ria  ;  this,  therefore,  must  t>e  the  capacity  of  the  left  ventricle  (compare  \  S3). 

ga.  THE  DURATION  OF  THE  CIRCULATION.— The  question 
as  to  how  long  the  blood  takes  to  make  a  complete  circuit  through  the  course 
of  the  circulation  was  first  answered  by  Hering  (1S39)  in  the  case  of  the  horse. 
He  injected  a  2  percent,  solution  of  potassium  ferrocyanide  into  a  special  vein, 
and  ascertained  (by  means  of'  ferric  chloride)  when  this  substance  appeared  in  the 
blood  taken  from  the  corresponding  vein  on  the  opposite  side  of  the  body.  The 
ferrocyanide  may  also  be  injected  into  the  central  or  cardiac  end  uf  the  jugular 
vein,  and  the  lime  noted  at  which  its  presence  is  detected  in  the  blood  of  the 
peripheral  end  of  the  same  vein.  Vierordt  (1858)  improved  this  method  by 
placing  under  the  corresponding  vein  of  the  opposite  side  a  rotating  disk,  on  which 
was  fixed  a  number  of  cui>s  at  regular  intervals.  The  first  appearance  of  the  potas- 
sium ferrocyanide  is  detected  by  adding  ferric  chloride  to  the  serum,  which  separ- 
ates from  the  samples  of  blood  after  they  have  stood  for  a  time.  The  duration  of 
the  circulation  is  as  follows  : — 


Hone* . 
Do&     - 

Rabbit. 


seconds. 


seconds. 


Duck,  .    . 

.10.64  seconds. 

I)  U  2/ 3rd,  . 

.    6.7J         •• 

Fowl,  .    . 

.    5- 17 

Hedgehog,  7.61    . 
Cat.  6.69 

GooK,        10.86 

Results. — When  these  numbers  are  compared  with  the  frequency  of  the  normal 
pulse  beat  in  the  corresponding  animals,  the  following  deductions  are  obtained  : 

(I)  The  mean  time  required  for  the  circulation  is  accomplished  during  27  heart 
beats,  i.  e.,  for  man  ^  32.2  seconds,  supposing  the  heart  to  beat  72  times  per 
minute. 

(3)  Generally,  the  mean  lime  for  the  circulation  in  two  warm-blooded  animals 
is  inversely  as  the  frequency  of  the  pulse  beats. 

Conditions  Influencing  the  Time. — The  time  is  influenced  by  the  follow- 
ing factors : 

1.  Lonf(  vascular  channels  (r.  f^.,  from  the  metartarsal  vein  of  one  foot  to  the  other  foot)  re- 
quire a  lunger  lime  than  short  channels  (a<>  between  the  )ui:ulars).  The  difTerence  may  be  equal  to 
10  per  cent,  of  the  time  required  (o  complete  the  entire  circuit. 

2.  In  young  animals  (with  shorter  vascuUr  channels  and  higher  pulse  rate)  the  time  n  shorter 
than  in  old  animals. 

3.  Rapid  and  Energetic  cardiac  coniraclion-t  (as  during  muscular  exercise)  diminish  the  lime. 
Hence  rapid  and  at  (he  same  time  less  energetic  contractions  (as  after  section* of  both  va^;)),  and 
slow  hul  vigorons  Rystoles  tf.  <•.,  after  sli|;lil -tirtiulaljon  uf  the  vagus)  have  no  elTccl. 

C.  Vierordt  estimated  the  quantity  of  blood  in  a  m.in,  in  the  fullowing  manner.  In  all  warm- 
blooded animals,  27  systoles  correspond  to  the  Itnic  fur  completing  the  circulation.  Hence,  the 
local  mau  of  the  blood  must  be  equal  to  27  times  ihc  capacity  of  the  %'entricle,  i.  i-,  in  man,  1S7.5 
grms.  >:  27  =:r  5062.5  grms.  This  i.s  equal  to  y'j  of  the  body  weight  in  a  peraon  weighing  65.8 
kilos.  (comfKire  J  49). 

It  it  not  to  be  forgotten  that  the  salt  used  Ib  to  some  extent  poisonous  (p.  loj),  but  Hermann  uses 
the  corresponding  innocuous  »oda  •i&li  (25  per  cent.). 

Pathological. — llie  duration  of  the  circulation  seems  to  be  iacrcascd  during  septic  fever  {£'. 

03.  WORK  OF  THE  HEART.— Johann  Alfons  Bor«Ui  (1679)  and  Julius  Robert  Maycf 
estimated  the  work  done  by  the  heart.  The  wotk  of  a  motor  is  expressed  in  kilogramme  metres, 
I.  e.,  (he  number  of  kilos,  which  the  motor  can  laise  in  the  unit  of  lime  to  the  height  of  i  metre. 

The  left  ventricle  expels  0.18S  kilo,  of  blood  (  Vofkmann)  with  each  systole, 
and  in  doing  so  it  overcomes  the  pressure  in  the  aorta,  which  is  equal  to  a  column 
of  blood  3.21  metres  in  height  {DomUrs),     [The  amount  of  blood  expelled  from 


160 


BUKDD   CURRENT   IN    THE   SMALLEST   VESSELS. 


each  ventricle  during  the  systole  is  about  iSo  grms.  (6  oz.)>  It  is  forced  out 
against  a  pressure  of  250  mm.  Hg.  ^=  3.21  metres  of  blood.]  The  work  of  the 
heart  at  each  systole  is  o.  188  X  321  =^  0.604  kilogramme  metres.  If  the  number 
of  beats  =i  75  per  minute,  then  the  work  of  the  left  ventricle  in  24  hours  — 
(0.604  X  75  X  60  X  24)  ^  65,330  kilogramme  uietres.  While  the  "work  "  done 
by  the  right  ventricle  is  about  one-third  that  of  the  left,  and  therefore  ^=  21,740 
kilogramme  metres.  Both  ventricles  do  work  equal  to  86,970  kilogramme  metrrs. 
A  workman  during  eight  hours  produces  300,000  kilogramme  metres,  /.  c,  about 
four  times  as  much  as  the  heart,  .\%  the  whole  of  the  work  of  the  heart  is  con- 
sumed in  overtiming  the  resistance  within  the  circulation,  or  rather  is  converted 
into  heat,  the  body  must  l>c  partly  warmed  thereby  C425. 5  gramme  metres  are 
equal  to  i  heat  unit,  i.  e.,  the  force  required  to  raise  425.5  grammes  to  the  height 
of  I  metre  may  l>e  made  to  raise  the  temperature  of  i  cubic  centimetre  of  water 
1°  C.)  So  that  204,000  "heat  units"  are  obtained  from  the  transformation  of 
the  kinetic  energy  of  the  heart. 

One  gramme  of  coal  when  burned  yields  8080  heat  units,  so  that  the  heait  yields 
as  much  energy  tor  healing  the  body  as  if  about  25  grammes  of  coal  were  burned 
within  it  to  produce  heat. 

94.  BLOOD  CURRENT  IN  THE  SMALLER  VESSELS.— 
Methods. — Tht-  most  important  observations  for  this  purpose  are  made  by  means 
of  the  microscope  ou  transparent  parts  of  living  animals.  Malpighi  was  the 
first  to  observe  the  circulation  in  this  way  in  the  lung  of  a  frog  (1661). 

The  followfing  p.irts  have  been  employed:  The  tails  of  tadpoles  and  small  fishes;  llie  weh, 
longxic,  mesentery,  and  lungs  of  cumnred  frogs  ( Con'/vr,  1^04 1 ;  the  wing  of  the  bcit.  the  third  eyc- 
Hd  of  the  pigeun  or  fowl ;  ihe  mescnicr>' :  tlie  vessels  of  the  liver  of  frogs  and  newts  ( GruiihuufM ), 
of  (he  pia  mater  of  rabhii<i,  of  the  skin  on  the  hclly  of  the  frog,  of  (he  mucous  tncmbraiie  oi  the 
inner  uirface  of  the  human  lip  {Ifnteri  ChciUngio»c:o]>e,  1379)-,  of  the  conjunctiva  of  the  eyeball 
and  eyelids.     All  these  may  be  cxamitied  by  rtJitHfd  light. 

[Holmgren's  Method. — In  studying  (be  circulation  in  the  frog's  lung,  it  must  Iw  infloicd.  A 
cannula  with  a  but(;e  on  ii^  free  end  is  placed  in  the  larynx,  while  to  the  other  end  u,  fixed  a  inece 
iif  caoutchouc  tubing;.  The  lung  is  intlalcd  and  (hen  (he  caoutchouc  tube  ii*  closed,  after  which  Lbc 
lung  is  pUced  in  a  chamber  with  glass  above  and  t^elow,  and  examined  microscopically.] 

[Entopticat  appearances  of  the  circulation  {Purkinje^  /S/j).  Under  certain  condition!  a 
person  may  delect  the  movement  of  ilic  blood- corpuscles  within  the  blood  vckkIs  of  his  own  eye. 
Hie  tjcft  method  is  tha(  of  Rood,  vi;.,  to  look  at  the  sky  through  a  dark  blue  gloss,  or  through  sev- 
crol  pieces  of  cobalt  !:;la*s  placed  over  each  other  {iie/»iholft).'\ 

Form  and  Arrangement  of  Capillaries. — Regarding  the  form  and  arnuigcment  of  ibe 
capillaries,  wc  find  (hat :  — 

1.  The  dmmtttr,  which  in  the  finest  permits  only  the  pa^uage  of  single  corpuscles  in  aroir — 
one  behind  the  other — may  vary  from  5  /i  to  2  /i,  so  that  two   or    more  corpuscles    may 
abreast  when  the  capillary  is  at  its  widest, 

2.  The  tettf^h  is  atxmt  0.5  mm.     They  terminate  tn  small  veins. 

3.  The  number  is  ver>'  variable,  and  the  capillaries  are  most  numerous  in  those  tissues  when; 
the  metabolism  is  most  active,  as  tn  lungs,  liver,  mu:>cles— less  numerous  in  the  sclerotic  and  in 
the  nerve  trunks. 

4.  They  fumi  iiuineroQS  anattomosii^  and  give  rise  to  networks,  whose  form  and  armngement  ore 
largely  determined  by  the  arrangement  of  the  tissue  elements  themselves.  They  fom^  sintpU  iM/it  in 
the  skin,  and  pulygnnal  networks  in  ibe  .<erous  membranes,  and  on  (he  surface  of  many  gland  tut>c»; 
they  occur  in  the  form  of  elongated  networks,  with  short  connecting  branches  in  muscle  ami  nerve,  a» 
web  as  )»etween  the  straight  luhulcs  of  the  kidney  ;  they  con\erge  radially  towtird  a  central  point  in 
the  lobules  of  the  liver,  and  form  arches  in  the  free  margins  of  the  ths,  and  on  the  limit  of  the 
sclerotic  and  cornea. 

[A  great  contrast  as  to  the  vaimlarity  of  two  adjacent  pans  is  seen  in  the  gray  and  white 
matter  of  the  brain,  the  former  Iwing  very  \x'icular,  the  latter  but  slightly  so.] 

[Direct  terminaiion  of  Arteries  in  Veins.— Arteries  sometimes  terminate  directly  in  veins, 
without  Ihe  intervention  of  capillanes,  e.g.^  in  the  ear  of  the  rnbhil,  in  the  terminal  phslani 
of  the  lingers  and  toes  in  man  and  some  animals,  in  the  cavernous  tissue  of  the  penis  (//(>t'rrj 
They  may  be  regarded  as  secondary  chnnncU  which  protect  the  circulation  of  mljacent  parts, 
and  they  may  also  l>e  related  to  the  hc;it-regulaiin^  mechanisms  of  jicriphcral  \ax%.\\Ho\fr\,\ 

End  Arteries. — In  connection  with  rtic  termination  of  arteries  in  capillaries,  it  is  important 
to  ascertain  if  the  arterioles  are  "end  or  terminal  ftrtcries,'*  1.  r,  if  Ihcy  do  not  lorm  any  fur. 


CAriLL.\RY   CIRCULATION. 


161 


thrr  2n.T<itomo!%es  with  other  Mtnilar  ancrioles,  but  terminate  directly  in  cnptlUrics,  and  thus 
only  communitate  by  capillaries  with  neinliliorinj;  arieiioles — or  the  Afieiies  may  anastomo«e  with 
other  artcrici.  jmt  before  they  break  up  into  capillaries.  Thi*.  distinction  is  innportani  in  connection 
with  tlie  imtritLon  of  parts  supjiHed  by  such  arteries  {CakHhrim). 

Capillary  Circulation. — On  observing  the  capillary  circulation,  we  notice 
that  the  red  corpuscles  move  only  in  the  axis  of  the  current  (axial  current),  while 
the  lateral  transparent  plasma  current  flowing  on  each  side  of  this  central  thread 
is  free  from  these  corpuscles.  [The  axial  current  is  the  more  rapid.]  This  plasma 
layer  or  "  Poiseuille's  space  "  is  seen  in  the  smallest  arteries  and  veins,  where 
}  is  taken  up  with  the  axial  current,  and  the  plasma  layer  occupies  ^  on  each  side 
of  it  (.Fig.  1 14).  A  great  many,  but  not  all,  of  the  colorless  corpuscles  run  in 
this  layer.  It  is  much  less  distinct  in  the  capillaries.  Rud.  Wagner  stated  that  it 
is  absent  in  the  finest  vessels  of  the  lung  and  gills  [although  Gunning  was  unable 
to  confirm  this  statement.]  The  cohrtti  corpuscUs  move  in  the  smallest  capillaries 
in  iingh  fiU^  one  after  the  other ;  in  the  larger  vessels  several  corpuscles  may  move 
abreast,  with  a  ^/rV///7^  motion,  and  in  their  course  they  may  turn  over  and  even 
be  twisted  if  any  obstruction  is  offered  to  the  blood  stream.  As  a  general  rule, 
in  these  vessels  the  movement  is  uniform,  but  at  a  sharp  bend  of  the  vessel  it  may 
partly  be  retarded  and  partly  accelerated.  Where  a  vessel  divides,  not  unfre- 
quently  a  corpuscle  remains  upon  the  projecting  angle  of  the  division,  and  is 
doubled  over  it  so  that  its  ends  project  into  the  two  branches  of  the  tube.  There 
it  may  remain  for  a  time,  until  it  is  dislodged,  when  it  soon  regains  its  original 
form,  on  account  of  its  elasticity.  Not  unfrequenlly  we  see  a  red  corpuscle  becom- 
ing t>ent  where  two  vessels  meet,  but  on  all  occasions  it  rapidly  regains  its  original 
form.     This  Ls  a  good  proof  of  the  elasticity  of  the  colored  corpuscles. 

Colorless  Corpuscles. — The  motion  of  the  colorless  corpuscles  is  quite  dif- 
ferent in  character ;  they  W/ directly  on  the  i*ascuiar  7oaily  moistened  on  their 
peripheral  zone  by  the  plasma  in  Poiscuille's  sjiace,  their  other  surface  being  in 
contact  with  the  thread  of  colored  corpuscles  in  the  centre  of  the  stream. 
Schklarewsky  has  shown  by  physical  experiments,  that  the  particles  of  least  spe- 
cific gravity  in  all  capillaries  {f-,^-,  of  glass)  are  pressed  toward  the  wall,  while 
those  of  greater  specific  gravity  remain  in  the  middle  of  the  stream.  [Graphite 
and  particles  of  carmine  were  suspended  in  water,  and  caused  to  circulate  through 
capillary  lubes  placed  under  a  microscope,  when  the  graphite  kept  the  centre  of 
the  stream,  and  the  cannine  moved  in  the  layer  next  the  wall  of  the  tiibtf.] 

When  the  colorless  corpuscles  reach  the  wall  of  the  vessel,  they  must  roll  along, 
partly  on  account  of  their  surface  being  sticky,  whereby  they  readily  adhere  to  the 
vessel,  and  partly  because  one  surface  is  directed  toward  the  axis  of  the  vessel 
where  the  movement  is  most  rapid,  and  where  ihcy  receive  itnpulses  directly  from 
the  rapidly  moving  colored  blood  corpuscles  {Doniiers).  The  rolling  motion  is 
not  always  uniform;  not  unfrequenlly  it  is  retrograde  in  direction,  which  seems  to 
be  due  to  an  irregular  adhesion  to  the  vascular  wall.  Ty^xtw  slower  movement  (lo 
to  I  a  times  slower  than  the  red  corpuscles)  is  [>artly  due  to  their  stickiness,  and 
partly  to  the  fact  that  as  they  are  placed  near  the  wall,  a  large  part  of  their  surface 
lies  in  the  peripheral  threads  of  the  fluid,  which,  of  course,  move  more  slowly  (in 
fact  the  layer  of  fluid  next  the  wall  is  passive — p.  109). 

[I>.  J.  Hamilton  finds  that,  when  a  frog's  web  is  examined  in  a  vertical  posi- 
tion, by  far  the  greater  proportion  of  leucocytes  float  on  the  tt/>/('r  surface,  and 
only  a  few  on  the  lower  surface,  of  a  small  blood  vessel.  Jn  exi>erimenls  to  deter- 
mine why  the  colored  corpuscles  float  or  glide  exclusively  in  the  axial  stream, 
n'hile  a  great  many,  but  not  all,  of  the  leucocytes  roll  in  the  peripheral  layers, 
Hamilton  ascertained  that  the  nearer  the  suspended  body  approaches  lo  the  spe- 
r  ific  gravity  of  the  liquid  in  which  it  is  immersed,  the  more  it  tends  to  occupy 
the  renire  of  the  stream.  He  is  of  opinion  that  the  phenomenon  of  the  separa- 
tion of  the  blood  corpuscles  in  the  circulating  fluid  is  due  to  the  colorless  cor- 
(niscles  being  specifically  lighter,  and  the  colored  either  of  the  same  or  of 
II 
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very  slightly  greater  specific  gravity  than  the  blood  plasma.  Hamilton  contro- 
verts the  statement  of"  Schklarewsky,  and  he  finds  that  it  is  the  relative  specific 
gravity  of  a  body  which  ultimately  determines  its  position  in  a  tube.  These 
experiments  point  to  the  immense  importance  of  a  due  relation  subsisting  between 
the  si>ecific  gravity  of  the  blood  plasma  and  that  of  the  corpuscles.] 

In  the  veueU  first  funtic<l  in  the  incubated  e^^,  as  well  ii  m  tliose  uf  younj*  tadpoles,  the  roove- 
menl  of  ihe  blood  from  the  henrt  occurs  in  jerks  [S/a/ZamaHt,  jf6S). 

The  velocity  of  the  blood  stream  is  influenced  by  the  diameter  of  the  ressels, 
which  undergo  periodic  changes  of  calibre.  This  change  occurs  not  only  in 
vessels  provided  with  muscular  tibres.  but  also  in  the  c-apillaries,  which  \'ary  in 
diameter,  owing  to  the  contraction  of  the  cells  composing  their  walls  (p.  115). 

The  amount  of  wafer  in  the  bloi'd  is  of  importance,  as  when  it  is  increased  the 
circulation  is  facilitated  and  accelerated  (C  A.  Eioaid )  (§  62). 

The  velocity  of  the  blood  is  greater  in  the  pulmonary  than  in  the  systemic 
capillaries  {Mates,  i~2~)\  hence,  we  must  conclude  that  the  total  sectional  area 
of  the  pulmonary  capillaries  is  less  than  that  of  all  the  s^-stemic  capillaries. 

95.  PASSAGE  OF  THE  BLOOD  CORPUSCLES  OUT  OF  THE  VESSELS— 
DIAPEDESIS- — Diapedesis. — If  the  circulation  l><r  studied  in  the  ve?>scls  of  the  me&enten,.  we 
may  observe  colorless  corpuscles  nu«ing  out  of  the  vessels  in  greater  or  leas  numlwrA  (Fig.  I14). 
The  mere  contact  with  the  air  ^unices  to  excite  slight  inflammation.  At  hrst,  the  colorlesi  cor- 
puscles in  the  plasma  space  move  more  Muwly ;  several  accumulate  near  each  other,  and  adhere  lo 
the  waits — soon  they  ^Ktre  into  the  wall ;  ultimately  they  pa^  ijuite  through  it,  and  may  wnnrler  for  a 
distance  into  the  penva.scular  tissues.  It  is  doubtful  whether  they  pass  through  the  so-called 
*'  Btomsta  "  which  exist  between  the  endothelial  cells,  or  whether  they  simply  pass  through  the 
cement  .'(ulMtance  between  the  endothelial  cells  (p.  113).  This  [>rocess  is  called  Diofedrsis,  am\ 
consists  of  several  acts:  i*;)  The  adhesion  of  lymph  cells  ()r  colorless  carpusclcs  to  the  inner  surface 
of  the  vessel  (after  moving  more  slowly  along  the  wall  up  to  this  ^joint).     ((^^  They  send  processes 

into  and  through  the  vascular  wall.  \c)  The  \xAy 
of  the  cell  i;»  drawn  after  or  follows  the  proces^s, 
whereby  the  corpuscle  appears  constricted  in  the 
centre  (Kig.  114,  r).  {d)  The  complete  passage 
"f  the  corpuscle  through  the  wall,  and  its  further 
moiinn  in  virtue  of  its  own  am>rlioid  movefiients. 
Hering  obHerv'cH  that  in  large  vewels  with  pcii- 
vascttlar  lymph  spaces,  the  corpuscles  passed  into 
the«;  latter,  hence,  cells  are  found  in  lymph 
Ifefore  it  hait  passed  through  lymphatic  glands,  llie 
cause  of  the  diapedesis  is  partly  due  to  the  inde- 
pendent locomotion  of  the  corpuscles,  and  it  is 
partly  a  physical  act,  viz.,  a  filtration  of  the  colloid 
mass  of  the  cell  under  the  force  of  the  blood 
pressure  {tt<:n'n^t^} — in  the  latter  respca  tlcpending 
upon  ihe  intravascular  pressure  and  the  veloctiy 
of  the  blood  stream.  Hcring  regards  ihi«  proces, 
and  even  the  paiuoge  of  the  col.»rcd  corpasclcs 
through  the  vascular  wall,  as  a  normal  nrocrss. 
pace ;  r,  r,  red  cor.  The  red  corpuscles  pass  out  of  llic  vessels  when 
Im^  MlhcriDi;  h.  the  [he  venous  outtlow  is  obsiruae.l,  which  als..  causes 
'^'  the  transuilalion  of  plnsma  through  the  vascular 
wall.  The  pl.isma  carries  the  colored  corpuscles 
along  witli  it.  nnd  at  the  moment  of  their  passage  through  the  wall  they  assume  extraordinary 
shapes,  owing  to  the  tension  put  upon  them,  regaining  their  shape  as  soon  as  they  psss  out  ( CvAm- 
An'm). 

This  remarkable  phenomenon  was  described  by  Waller  in  1846.  It  was  recently  redescribed  by 
Cohnheim,  an<l  according  to  him  the  out-wandering  is  a  sign  of  inlliiinmntion,  and  the  colorlc^  cor- 
puscles which  accumulate  in  the  tissues  are  to  be  regarded  as  pus  corpuscles,  which  may  undergo 
further  increase  by  division. 

Stasis.— When  a  strong  stimulus  acts  on  a  vascular  part,  Uypenemic  rtJnest  and  ttef/tittji,'  occur. 
Microscopic  observation  shows  that  Ihe  capillaries  and  the  small  vessels  are  diblcd  and  eierfiilej 
with  bloixl  corpuscles;  in  wjme  casirs  a  tetnpf>rary  narrowing  precedes  the  dilnlaiion  ;  simult.^neousty 
the  velocity  of  the  stream  changes;  nuely  there  is  a  temporary  acceleration,  mx^rf  fre^entiy  it  V 
comet  iloteer.     If  the  action  of  the  stimulus  or  irritant  be  continued,  the  retardation  becomes  con* 
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StnaJl  vc&»el  of  ihc  me>eniery  of  a  froy,  thowing   the 
diai>ci)c.>h  (if  thff  cril'irlcrt  corpusclet.     w.  w.  vai 
cuUir  walls;  .1,  a,  F'-jii«LilUe*t  ■ 
piiKlc«:  /,  /,    C"l"rle»»  ""orpu^c 
wbU.  and  c,  c.  In  various  ku^u  of  extruilon 
cxinidcd  i:ur|)Uiclei>. 
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sidcrablc,  the  stream  movn  in  jerks,  then  follows  a  to  and  fro  movement  of  the  blood  column — 
2  kign  ihai  atajjiiaiKin  ha*,  taken  place  in  ulher  vucular  areu.  At  \x*l,  llic  blond  --ttrcAm  comes 
completely  to  a  !»tandslill — stasis — anil  the  blood  ves&eU  are  pluKI!*^''  vfiih  blooil  corpoi^Ies. 
Niimcroti?-  colorlew  blood  corjxiiclcs  are  foutcl  in  the  stationar)'  blood.  While  these  various 
tjnice<Kes  arc  taking  place,  the  colorless  corpuscles — more  rarely  the  red — pass  out  of  the  vesieU. 
Under  favorable  circurostanccii  the  stasis  may  di&appear.  The  snelling  M-hich  occurs  in  the  neigh- 
borhood of  inrtamel  parts  is  chieBy  <lue  to  the  exudation  of  plasma  into  the  stirrounding  tissues. 
[The  vapor  of  chloroform  causes  hyperemia  of  the  web  (/.u/«t),] 

96.  MOVEMENT  OF  THE  BLOOD  IN  THE  VEINS.— As  already 
mentioned,  in  the  smallest  veins  coming  from  the  capillaries  the  blood  stream  is 
more  rapid  than  in  the  capillaries  themselves,  but  less  so  than  in  the  correspond- 
ing arteries.  The  stream  is  uniform,  and  if  no  other  conditions  interfered  with 
it,  the  venous  stream  toward  the  heart  ought  to  bo  tmifomi,  but  many  circum- 
stances affect  the  stream  in  liifferent  parts  of  its  course.  Among  these  are:  (i) 
The  relative  /a.xncss,  great  disiensibiiity  and  the  ready  comprtssihility  of  the  walls, 
even  of  the  thickest  veins.  (2)  The  incomf>lett  fiUin^<i{  \\\e  veins,  which  does  not 
amount  to  any  considerable  distention  of  their  walls.  (3)  The  numerous  and  free 
anastomoses  between  adjoining  veins,  not  only  between  veins  lying  in  the  same 
plane,  but  also  between  superficial  and  deep  veins.  Hence,  if  the  course  of  the 
blood  be  obstructed  in  one  direction,  it  readily  finds  another  outlet.  (4)  The 
presence  of  numerous  valves,  which  permit  the  blood  stream  to  move  only  in  a 
centrii^lal  direction  { Fa  h  rut  us  <tb  Atjuapendente).  They  are  absent  from  the 
smallest  veins,  and  are  most  numerous  in  those  of  middle  size. 

Law  of  the  Position  of  Valves. — The  veuou&  valves  always  have  two  pouches,  ami  arc  placed 
at  definite  inieri'als,  which  corrcs).)ond  to  the  i,  2,  3,  or  n^  i>ower  of  a  certain  "  fundamental  dts- 
lance.'*  which  is  -^  "  mm.  for  the  lower  extremity  and  5.5  mm.  for  the  upper.  Many  of  the  origi- 
nal Tslves  di&ap)>ear.  On  the  proximal  side  of  every  valve  a  lateral  branch  opens  into  the  vein, 
while  on  the  distal  side  of  each  branch  lies  a  valve.  The  same  is  true  for  the  lymphatics  (A". 
tiar<itItheH\. 

Effect  of  Pressure. — .\s  soon  as  pressure  is  applied  to  the  veins,  the  next 
lowest  valves  dose,  and  those  immediately  above  the  seat  of  pres.sure  open  and 
allow  the  blood  to  move  freely  toward  the  heart.  The  pressure  nuy  be  exerted 
from  wiihffut,  as  by  anything  placed  against  the  body  ;  the  thickened  tontracted 
mtxscles.  especially  the  muscles  of  the  limbs,  compress  the  veins.  That  the  blood 
Rows  out  of  a  divided  vein  more  rapidly  when  the  muscles  contract,  is  shown 
during  venesection.  If  the  muscles  are  kept  contracted,  the  venous  blood 
passing  out  of  the  muscles  collects  in  the  {passive  parts,  e.  ^.,  in  the  cutaneous 
veins.  The  pulsatile  pressure  of  the  arteries  accompanying  the  veins  favors  the 
venous  current  {Ozanam).  From  a  hydrostatic  point  of  view,  the  valves  are 
of  considerable  importance,  as  they  serve  10  divide  the  column  of  blood  into 
segments  (c.  i,'.,  in  the  crural  vein  in  the  erect  attitude),  so  that  the  fine  blood 
ves.sels  in  the  foot  are  not  subjected  to  the  whole  amount  of  the  hydrostatic 
pressure  in  the  veins. 

The  velocity  of  the  venous  blooil  has  been  measured  directly  (with  the  hacmadroroomcter  and 
the  Mromuhr — {fSyi.  \'ollcmann  found  it  to  he  225  mm.  [ler  sec.  in  the  jugular  vein.  Hei I  ob- 
served that  2Vi  limes  more  blood  flowed  from  an  nrterial  orifice  than  from  a  venous  orifice  of  the 
same  siic.  The  velocity  of  the  venous  current  obviously  depends  upon  the  sectional  area  of  the 
vessel.  Horctli  estimated  the  capacity  of  the  venous  system  to  be  4  tiroes  greater  tbau  thai  of 
llie  arterial ;  while,  according  (o  Haller,  the  ratio  is  9  to  4. 

Large  Veins. — .\s  we  proceed  from  the  small  veins  toward  the  vena;  cava?,  the 
sectional  area  of  the  veins,  taken  as  a  whole,  becomes  less,  so  that  the  velocity  0/ 
ihe  current  iticrcases  in  the  same  ratio.  The  velocity  of  the  current  in  the  venw 
cavx  nuy  be  about  half  of  that  in  the  aorta  {Hal/er). 

A»  the  pulmonary  veins  are  narrower  than  the  pulmonary  artery,  the  blood 
moves  more  rapidly  in  the  former. 

[Active  polHUkw  occurs  in  the  veins  of  the  «ing  of  the  bat  {Si.hijff').'] 
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97.  SOUNDS  OF  BRUITS  WITHIN  ARTERIES.— These  murmun,  sounds  or  bnttt» 
occur  eilhcr  sf^mtaneo%i5h\  m  arc  j-iroduccd  by  the  n/'f'/iiraficn  of  txtema/  /•ressurct  v.\icrch\  \\\c 
lamen  of  the  vefcse!  is  Himioishctl.  In  four-fifths  of  all  healthy  men,  two  soun>Is — corresiKjading 
in  duration  and  other  characters  to  the  two  heart  sounds— are  heard  in  the  carotid  |  Ommd.  IVrif). 
Sometimes  only  the  second  heart  sound  isdistin^ishablc,  as  its  place  of  origin  is  near  to  the  carobd. 
They  arc  not  inie  arterial  sounds,  but  are  simply  "propagated  heart  sounds." 

Arterial  Sounds  or  murmurs  are  readily  produced  by  pressing  upon  a  strong 
artery,  e.g.,  the  crural  in  the  itiguinal  region,  so  as  to  leave  only  a  narrow  passage 
for  the  blood  ( '*  stenosal  murmur  " ).  A  fine  blood  stream  passes  with  great 
rapidity  and  force  through  this  narrow  part  into  a  wider  portion  of  the  artery 
lying  behind  the  point  of  comprtssion.  Thus  arises  the  '*  pressure  stream  '*  {P. 
Niftnnfr),  or  the  **  fluid  vein  "  ( *'  Vcine  fluide"  of  Chaiiveau).  The  particles 
of  the  fluid  are  thrown  into  rapid  osiillation^  and  undergo  vibratory  movements, 
and  by  their  movements  produce  the  sound  within  the  peripheral  dilated  jiorlion 
of  the  tube.  A  sound  is  produced  in  the  fluid  by  pressure  {Corngan,  Heymius). 
The  sounds  are  not  caused  by  vibrations  of  the  vascular  wall,  as  supposed  by 
Bouillaud. 

A  murmur  of  this  sort  )!« the  **  aub-clavicular  murmur"  (^tixrr),  occasionally  heard  during 
«ystoIe  in  the  subclavian  artery;  it  occurs  when  the  twi>  layers  of  the  pleura  adhere  to  the  ix\<\  of 
the  lung  (e.spccially  in  tubercular  di<«ea<ie<t  of  the  lungs),  whereby  the  subclavian  arter}-  undergoes  a 
local  Constriction  due  to  its  lieing  made  Icixse  and  slightly  curved  {Fritdrruk).  This  result  is  indi- 
cated in  a  diminution  or  absence  of  the  pulse  wave  tu  the  radial  artery  (  Wiil). 

Arterial  murmurs  arc  favored  by — (i)  Sufficient  delicacy  and  elasticity  of  the 
arterial  walls  {ITi.  Wt-hfr).  (2)  Diminished  peripheral  resistance,  e.  ^.,  an  easy 
outflow  of  the  fluid  at  the  end  of  the  stream  (Kiwisch).  13)  Accelerated  current 
in  the  vascular  system  generally.  (4)  A  considerable  diflercnce  of  the  pressure 
in  the  narrow  and  wide  iK)rtions  of  the  tube  (J/ffrfv).  (5)  l^rge  calibre  of  the 
arteries. 

It  is  obvious  that  arterial  murmurs  will  occur  in  the  human  body- — {a)  When,  owing  to  patho- 
logical condition*,  the  axlcnal  lul>e  is  dilated  at  one  />art^  into  which  the  blood  current  it  fnrcihiy 
poured  from  ihe  normal  narrow  tube.  Dilatations  of  this  sort  arc  Called  aneurisms,  within  which 
murmun.  are  generally  audible.  (/)  \<htx\  frmurf  is  exerted  upon  an  ariery,  e.^:,  by  the  prr«ure 
of  the  greatly  enlnrgcd  arteries  during  prtr|^nancy,  or  by  a  large  tumor  pressing  U|>on  a  brgc  artery. 
{c\  A  murmur  corresponding  to  each  pulse  beat  is  heard,  especially  where  two  or  more  large  arteries 
lie  together;  hence,  during  pregn.incy,  we  hear  the  uunm  tnuriuur,  or  placental  bruit,  or  limJU 
in  the  greatly  dilated  utenne  arteries.     It  is  much  less  disttiKt  in  the  umbilical  arteries  f>f  the  cord 

iurolnlical  murmurs).  Similar  sounds  are  heard  thiuugli  the  thin  walls  of  the  head  of  infants 
Fisher,  /Sjj).  A  murmur  due  to  the  systole  of  the  heart  is  often  heard  in  the  carotid  (jMrass}- 
n  such  cases  where  no  source  of  exlcnial  pressure  is  discoverable,  and  when  no  aneurism  is  present, 
the  spontaneously  occurring  sounds  are  favored,  when  at  the  moment  of  arterial  rest  ( canliac  systole ) 
the  arterial  walls  are  distended  to  the  slightest  extent,  and  when  during  the  movement  of  the  pulse 
(cardiac  diastole}  the  tension  is  most  rapid  i  Trattbe,  It'ri/),  1. 1.,  when  the  low  systohc  minimum 
tension  of  the  arterial  wall  passes  rapidly  into  the  high  maximum  tension.  This  is  especially  the 
case  in  insufficiency  of  the  aonic  valves,  in  which  cose  the  sounds  in  the  arteries  are  audit>1e  over  a 
wide  area.  If  the  minimum  tension  of  the  arterial  wall  is  relatively  great,  even  during  diastole,  the 
sounds  in  the  arteries  are  greatly  diminished. 

In  insuAciency  of  the  aortic  valves,  characteristic  sounds  may  be  heard  in  the  crural  artery. 
If  pressure  be  exerted  upon  the  artery,  a  double  blowing  murmur  is  heard ;  the  first  one  is  due  to  a. 
large  mass  of  blood  being  propelled  intn  the  artery  synchronously  with  the  heart  beat,  the  second  to 
the  fact  that  a  large  .juanlily  of  blood  (lows  back  into  the  beart  during  diastnle  [Durezirz^  /Sf>t}. 
If  w  pie&sure  be  exercised  two  sounds  are  heard,  and  these  seem  to  be  due  to  a  wave  propagated 
into  the  arteries  by  the  auriclts  and  veniricles  respectively  ( /..»«//w) — compare  {[  73i  Fig.  )56,  III- 
In  atheroma  a  double  sound  may  sometimes  be  heard  (\  73,  2). 

98.  VENOUS    MURMURS.— I.    Bruit  de    Diablc— This  sound  is 

heard  above  the  clavicles,  in  the  furrow  between  the  two  heads  of  the  stemo- 
mastoid,  most  frequently  on  the  right  side,  and  in  40  iwr  cent,  of  all  persons 
examined.  It  is  either  a  continuous  or  a  rhythmical  murmur,  occurring  during  the 
diastole  of  the  heart  or  during  inspiration  ;  it  has  a  whistling  or  rushing  character, 
or  even  a  musical  quality,  and  arises  within  the  bulb  of  the  common  jugular  vein. 
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When  this  sound  is  heard  without  pressure  being  exerted  by  the  stethoscope,  it 
is  a  pathological  phenomenon.  If.  however,  pressure  be  exerted,  and  if,  at  the 
^me  time,  the  person  examined  turns  liis  head  to  the  opposite  side,  a  similar  sound 
is  heard  in  nearly  all  cases  (JVn7 ).  The  pathological  ^rw/V  t/f  ^//a^/f  occurs 
especially  in  anaemic  persons,  in  lead  poisoning,  syphilitic  and  scrofiilons  persons, 
sometimes  in  young  persons,  and  less  frequently  in  elderly  people.  Sometimes  a 
///r/7/of  the  vascular  wall  may  be  felt. 

Causes.^ — It  is  due  to  the  vibration  of  the  blood  flowing  in  from  the  relatively 
narrow  part  of  the  common  jugular  vein  into  the  wide  bulbous  portion  of  the 
vessel,  and  seems  to  occur  chiefly  when  the  walls  of  a  thin  part  of  the  vein  lie 
close  to  each  other,  so  that  the  current  must  purl  through  it.  It  is  clear  that  pres- 
sure from  without,  or  lateral  pressure,  as  by  turning  the  head  to  the  opposite  side, 
roust  favor  its  occurrence.  Its  intensity  will  be  increased  when  the  velocity  of  the 
stream  is  increased,  hence  itispiration  and  the  diastolic  action  of  the  heart  (both 
of  which  assist  the  venous  current)  increase  it.  The  erect  attitude  acts  in  a  similar 
manner.  A  similar  bruit  is  sometimes,  though  rarely,  heard  in  the  subclavian, 
axillary,  thyroid  (scrofula),  facial,  innominate  and  crural  veins  and  superior  cava. 

IX.  Regurgitant  Murmurs.— On  making  a  sudden  eflbn,  a  rounnur  maybe  heard  in  the  crural 
TOD  during  expiration,  which  is  cauwrd  by  .a  centrifugal  current  of  blood,  owing  to  the  incompetence 
or  al:«>cncc  of  llie  valves  in  this  region.  If  llie  valrcs  at  the  jugular  liulb  arc  not  tij^hl,  thcrt  may 
l)e  a  bniit  with  expiration  {cxpiraiorv  jugular  vein  bruit — Htimernjk]^  or  during  the  cardiac  systole 
lJyji*/iV  jugular  vein  bruit — :'.  Bitmber-ger). 

XII.  Valvular  Sounds  in  Veins. — When  the  tricuspid  valve  is  incompetent,  duhug  the  ventri- 
cular systole  a  targe  vulume  of  blood  is  propelled  backward  into  tlie  ven;e  cav:i.*.  The  venous  valves 
arc  closed  saddenly  thereby  and  a  sound  produced.  This  occurs  at  the  bulb  or  dilatation  on  the 
jagubr  vein  \v.  BatHher^er)^  and  in  the  crural  vein  at  the  groin  \N.  Freidreich],  i.  c,  only  as  long 
as  the  valves  are  competent.  Forced  ex[)imtioii  may  cause  a  valvular  sound  In  tli^  croral  vein.  No 
sound  is  heard  in  the  veins  under  perfectly  normal  circumstances. 

gg.  THE  VENOUS  PULSE— PHLEBOGRAM.  -Methods— A  tracing  of  the  move- 
nicnts  of  a  vein,  taken  with  a  lightly-weighted  sphygmngraph,  has  a  characteristic  form,  and  is 
called  a  phlebogram  { Fig.  115).  In  order  to  interpret  the  various  events  of  the  phlcbogram  it  is 
most  important  10  record  simultaneously  the  event  that  takes  place  in  the  heart.  The  auricular 
contraction  (compare  Fig.  a,i  1  is  synchronous  with  a  b  ;  b  t,  with  the  vrntricular  systole,  during  which 
lime  the  first  sound  occurs,  white  n  b\^^  presj'stolic  movement.  The  caroiid  pul^  coincides  nearly 
with  the  apex  of  the  cardiogram,  /.  ^..  almost  simultaneously  with  the  descending  limb  of  the  phle- 
biignnn  \Rirgft). 

Occasionally  in  healttiy  individuals  a  pulsatile  movement,  synchronous  with  the 
action  of  the  heart,  may  he  obser\'ed  in  the  common  jugular  vein.  Il  is  either 
confined  to  the  lower  pari  of  the  vein,  the  so-called  bulb,  or  extends  furtlier  up 
along  the  trunk  of  the  vein.  In  the  latter  case,  the  valves  above  the  bulb  are 
insufficient,  which  is  by  no  means  rare,  even  in  health.  The  wave  motion  passes 
from  below  upward,  and  is  mo.st  obvious  when  the  person  is  in  the  passive  hori- 
xontal  position,  and  it  is  more  frerjuent  on  the  right  side,  because  the  right  vein 
lies  neart;r  the  heart  than  the  left. 

The  venous  pulse  resembles  very  closely  the  tracing  of  (he  cardiac  imimlse 
iLantioii).     Compare  Fig.  115,  i,  with  Fig.  32. 

It  is  obvious  that,  as  the  jugular  vein  is  in  direct  communication  with  the  right 
auricle,  and  as  the  pressure  within  it  is  low,  the  sj-stole  of  the  right  auricle  must 
cause  a  positive  wave  to  be  propagated  toward  the  peripheral  end  of  the  juguhr 
vein.  Fig.  115,  9  and  ro,  are  venous  puLse  tracings  of  a  liealthy  person  with 
insufficiency  of  the  valves  of  the  jugnlar  vein.  In  these  curves,  the  p;irt  </,  /' 
corresponds  to  the  contraction  of  the  auricle.  Occasionally  this  part  consists  of 
two  elevations,  corresponding  to  the  contraction  of  the  atrium  and  auricle 
respectively.  As  the  blood  in  the  right  auricle  receives  an  impulse  from  the 
sudden  tension  of  (he  triscupid  valve  sytHhtonous  with  the  systoie  of  the  ri^ht 
prntht^ie,  there  is  a  (jositive  wave  in  the  jugular  vein  in  Fig.  115,  9  and  10,  indi- 
cated by  ffj  c.     lastly,  the  sudden  closure  of  the  pulmonary  valves  may  even  be 
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indicated  (e).  As  the  aorta  ties  in  direct  relation  with  the  pulmonary  artery,  the 
sudden  closure  of  its  valves  may  also  be  indicated  (Fig.  115,  9,  at  *?).  During 
the  diastole  of  the  auricle  and  ventricle,  blood  flows  into  the  heart,  so  that  the 
vein  partly  collapses  and  the  lever  of  the  recording  instrument  descends  {Rirgtlt 
Fratt^ois-Franck). 

Sinus  and  Retinal  Pulse. — The  Uood  in  the  sinuses  of  the  brain  ftlso  undergoes  a  palsmlilr 
movement,  owing  to  the  fact  that  during  cardinc  tliostote  much  blood  finws  into  the  veins  {M«ao), 
L'ndcr  favorable  circumstances,  this  movement  may  be  propagated  into  the  veins  of  the  rc/j'nw,  cmi- 
siimting  the  venom  reiinai puhf  of  the  older  observers  ( Hei/reick). 

Jugular  Vein  Pulse. — The  venous  pulse  in  the  jugular  vein  ii  far  better  marked  in  insu^cienty 
of  (he  trUttspid  vah'e,  anil  the  vein  may  pulsate  violenlly,  but  if  its  valves  be  j>crfccl  the  pufsc  is  not 
propagated  along  the  vein,  so  thai  a  /wAt*  I'w  the  jugular  vein  ii  not  netesiarily  a  tign  of  instijfi' 
eiency  of  the  triiUipid  x'akv,  but  only  of  inBufficiency  of  the  valve  of  the  jugular  vein  [/•'rietfrhrk). 

Liver  Pulse. — Tlie  ventricular  systole  is  propagated  into  the  valvelcss  inferior  vena  cava,  and 

Fin.  115. 


Variou*  lormft  nf  sciiout  ikiImts,  chiefly  kAct  Krictlfcii:h — i-^  From  inMifTicicncy  iif  the  incukptd  ;  9  and  10,  ptiUe  01 
the  juifuhr  v«in  of  a  bealthy  penon.  In  all  Ihe  cutvm,  m.  <*  >■  coniraction  of  the  rijiht  AUJicle :  t,e,ei  the  richt 
ventricle  :  d,  cluiurc  of  the  aorilc  valvci ;  e,  cloaure  of  the  pitlmotiary  valvc« ;  e,y,  ciUttole  c/  ibe  ri^bt  vcntrioe- 


canaea  Ihc  liver  pnla.  With  each  systole  blood  passes  into  the  hepatic  veins,  so  that  the  liver 
nmlergoes  a  syitflic  sitfef/iu^'  and  inJeitioM. 

Fig.  115.  2-8,  are  curves  of  the  pulse  in  the  common  jugular  vein  (after  Friedreich).  Alihoagh 
at  first  sight  the  curves  appear  to  be  vtry  diflcrcnl.  thc-y  all  agree  in  this,  that  the  various  eventa 
occurring  in  the  heart  during  a  cardiac  revolution  are  indicated  more  or  le^s  completely.  In  all 
the  curxes,  a,  ^  =  auricular  contraction.  The  auricle,  when  it  contracts,  excilei^  a  positive  wate  in 
the  veins  {Gendrin  {1S4J).  Af'tret;  Friedreich),  The  elevation,  b,  e,  U  caused  by  the  large  blood 
wave  produced  in  the  veins,  owing  to  the  emptying  of  the  ventricle.  It  is  always  greater,  of 
courM,  in  insufficiency  of  the  iricu-npid  valves  than  under  normal  circumstanccn  (Fig.  115,  9  and 
10).  In  the  latter  case,  the  closure  of  the  tricuspid  valve  causes  only  a  slight  wave  motion  in  llie 
auricle.  The  apex.  (-,  of  this  wave  may  be  higher  or  lower,  according  to  the  tension  in  the  vein 
and  the  nres-surc  exerted  by  the  sphygrat^raph.  As  a  general  rule,  at  least  one  notch  (4,  5,  6,  e) 
follows  tne  apex,  due  tn  the  prompt  closure  of  the  valves  of  the  pulmonary  artery.  Tho  clocurc  of 
the  closely  adjacent  aortic  valves  may  cause  a  Braall  secondary  wave  near  to  ^  |as  in  i  and  z,  /). 
The  curve  falls  toward y,  corresponding  to  the  diastole  of  the  heart. 

A  well-marked  venous  pulse  occurs  when  the  right  nnriele  is greafty  cttuf^stedt  »s  in  cases  of 
insufficiency  of  the  mitral  valve  or  stenosis  of  the  same  orifice.     In  rare  cases,  in  addition  Co  the 
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pttUe  in  the  common  jaguUr  vein,  the  external  jogttlar,  the  facial,  ihyrotd,  exlcmal  thoracic  veins, 
or  even  the  veins  of  the  upper  and  lo\rer  extremities  may  pulsate. 

A  similar  pulsation  must  occur  in  the  pulmonary  veins  in  mitral  inniRiciency,  but,  of  course,  the 
result  is  not  visible. 

C>n  rve  ocuuions,  a  jnilse  occurs  in  the  veins  un  the  l<ack  of  the  hand  Ami  foot,  owing  to  the 
arterial  pulse  being  propagated  through  the  capillaries  into  the  veins.  This  may  occur  under 
normal  circumstances,  when  the  peripheral  ends  of  the  arteries  ttecome  dilalct)  and  relaxed 
(0iiim^if),  or  uhcti  the  blo<.)d  pressure  within  these  vessels  rises  rapidly  and  falls  as  suddenly,as  in 
(niufncttncy  of  the  aortic  valve*. 

In  prof^rcMive  effusion  iHio  tht  ftrieardhtm^iA.  fint  the  carotid  pulse  becomes  xmaller  and  the 
venous  pulse  lonrer  ;  l>c:ynnd  a  certain  prcbsurc,  the  latter  ceases  [/CU^ei\, 

lOO.  DISTRIBUTION  OP  THE  BLOOD.— Methods.— The  methods  adopted  do  not 
give  exact  results,  J  Kanke  ligatured  the  parts  during  life,  removed  them,  and  investigated  the 
amount  of  bkod  while  the  ti5sue»  were  ftitl  warm. 

In  the  rabbit,  one-fourth  of  the  total  amount  of  the  blood  is  found  in  each  of 
the  following :  rf,  in  the  passive  muscles  ;  ^,  in  the  li%*er  ;  c,  in  the  organs  of  the 
circulation  (heart  and  great  vessels)  ;  </,  in  all  other  parts  together  {J.  Ratikf). 

Influencing  Conditions. — The  amount  of  blood  l.t  influenced  by— ( i )  the  anatomical  distribution 
{va5cuUrily  or  the  reverse)  of  the  vessels  as  a  whole  ;  (z)  the  diameter  of  the  vessels,  which  depends 
U]X>n  physiological  causes — [a]  on  the  blood  tirc»sure  \«'ithin  the  vessels;  {h)  nn  the  condition  of 
the  vasoronior  or  vaso^dilator  nerx'cs ;  (c)  on  the  condition  of  the  tissues  themselves,  f^.,  the  vessels 
of  the  intestine  during  absorption ;  by  the  ve»els  of  masde  during  muscular  contraction ;  of 
iU  in  tnllameil  pnrt^. 


Activity  of  an  Organ. — The  most  important  factor,  however,  is  the  siate  of 
activity  of  the  orf^tin  itself;  hence,  the  saying,  "  ubi  irritatio,  ibi  affluxus."  We 
nnay  instance  the  cungestion  of  the  salivary  glands  and  the  gastric  mucous  mem- 
brane during  digestion,  and  the  increased  vascularity  of  muscles  during  contrac- 
tion. As  the  activity  of  organs  varies  at  different  Umes,  \\v:  amaunt  of  dioot/ in 
the  pari  or  organ  ^oes  hand  in  hand  with  the  vanations  in  its  state  of  artivity  {^J. 
Kanke).  When  some  organs  are  congested  others  are  at  rest ;  during  digestionj 
there  is  muscular  relaxation  and  less  mental  activity;  violent  muscular  exertion 
retards  digestion — during  great  congestion  of  the  cutaneous  vessels  the  activity  of 
the  kidneys  diminishes.  Many  organs  (heart,  muscles  of  respiration,  certain 
nerve  centres)  seem  always  to  be  in  a  nearly  uniform  state  of  activity  and  vascu- 
larity. 

During  the  activity  of  an  organs  the  amount  of  blood  in  it  may  be  increased  30 
per  cent.,  nay  even  47  per  cent.  The  motor  organs  of  young  muscular  persons 
are  relatively  more  vascular  than  those  of  old  and  feeble  persons  (/.  Hanke). 

During  a  condition  of  mental  activity,  the  carotid  is  dilated,  the  dicrotic  wave  in  the  carotid  curve  if 
Increased  (the  radial  shows  the  opposite  condition),  and  the  pulse  Is  increased  in  Crequency  (C7/o')' 

In  the  condition  of  increased  activity,  a  tnt^r  ra/tid  rennmi/  o(  the  blood  seems 
to  occur;  after  muscular  exertion  the  duration  of  the  circulation  diminishes 
(  Vierordt). 

Age. — The  dexthpmtnt  «/  the  heart  and  large  vesiets  determines  a  different  [distribution  of  the 
Uood  in  the  child  from  that  uhich  obtains  in  the  adult.  The  heart  is  relatively  small  from  infancy 
op  tu  puberty,  the  vessels  are  relatively  lar^^e  ;  while  after  puberty  the  heart  is  large,  and  the  vessels 
are  reintivety  smaller.  Hence,  it  follows  that  the  blood  pressure  in  the  arteries  of  llic  systemic-  cir- 
cuUtioD  must  be  lower  in  the  child  than  in  the  adult.  The  pulmonary  anery  is  relatively  wide  in 
the  child,  while  the  aorta  is  relatively  small ;  after  puberty  both  vessels  have  nearly  tlic  same  si^e. 
Hence,  it  follows  that  the  blood  pressure  in  the  pulmonary  vessels  of  the  child  is  relatively  higher 
than  that  in  the  adult  {HewJte). 

101.  PLETHYSMOGRAPHY.— Plethysmograph.— In  order  to  esti- 
mate and  register  the  amount  of  blood  in  a  limb,  Mosso  devised  an  instrument 
(Fig.  it6),  which  he  termed  a  Plethysmograph.  It  is  constnicled  on  the  same 
principle  a.*;  the  less  perfect  apparatus  of  Chetius  and  Fick. 

tl  connsts  of  a  long  cylindrical  glass  vessel,  G,  suited  (o  Accommo<lale  •  limb.  The  opening 
ihroogh  which  the  limb  is  introduced  is  closed  with  caoutchouc,  and  the  vessel   is  filled  with  water. 
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There  is  an  opening  in  the  side  of  the  vessel  in  uhich  a  manometer  tube,  filled  to  n  certain  height 
with  water,  is  fixed.  As  ihc  arm  is  enlarged  owing  to  the  increased  supply  of  arterial  blood  pa»in^ 
into  it  at  each  pulse  beat,  of  course,  the  water  column  in  the  manometer  ii  raised.  Fick  placed  a 
float  upon  the  surface  of  the  water,  and  thus  enabled  the  variations  in  the  volume  of  the  fluid  to  l»c 
inscribed  on  a  revolving  cylinder.  The  curve  obtained  resembled  the  pulse  cun-e;  it  wi.*  even 
dicrotic.  In  Fig.  1 16  the  movement  of  the  fluid  is  reiM-esenied  as  conveyed  to  a  Mareys  tambour. 
T,  similar  to  the  recording  apparatus  employed  in  Brondgcest's  I'ansphygmograph  (Figs.  40,  73 1. 

Results. — From  the  curve  obtained  we  Icam  that — t^i)  ihc puhati/f  varidti^ns 
in  thf  voiutiu  are  similar  to  the  pul^e  curve.  As  the  venous  current  is  regarded  as 
uniform  in  the  passive  limb,  every  increase  of  the  volume  curve  indicates  a  greater 
velocity  of  the  arterial  current  toward  the  periphery,  and  r/V^  ^'^■rJ(*  (/>V<t).  {z) 
The  respiratory  ufii/uhthns  correspond  to  similar  variations  in  the  blood  pressure 
tracing  (§  85,/).  Vigorous  respiration  and  cessation  of  the  respiration  cause  a 
diminution  of  the  volume.  The  limb  swells  during  straining  (r.  Basch)  and 
coughing,  but  diminishes  during  sighing.  (3)  Certain  periotUc  umiuhtions  occur, 
due  to  the  regular  periodic  contractions  of  the  small  arteries.  (4)  Other  undula- 
tions,  due  to  various  accidental  causes,  affect  the  blood  pressure :  changes  of  the 
position  of  a  limb  acting  hydrostatically,  and  dilatation  or  contraction  of  the 
vessels  in  other  vascular  regions.  (5)  Movement  of  the  muscles  of  the  limb  under 
observation  causes  diminutidn  of  volume  (experiment  of  Fr.  Glisson.  1677);  as 
the  venous  current  is  accelerated,  the  musculature  is  also  ver)-  slightly  diminished  in 
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volume,  even  when  the  intra-muscular  vessels  are  dilated.  (6)  Mental  exercise 
causes  a  diminution  in  the  volume  of  the  limb,  and  so  does  sleep  {Afosstt).  Music 
influences  the  blood  pressure  in  dogs,  the  pressure  rising  or  falling  under  differtrnt 
conditions.  The  stimulation  of  the  auditory  nerve  is  transmitted  to  the  medulla 
oblongata,  where  it  acts  so  as  to  cause  acceleration  of  the  action  of  the  hcirt 
{Di>X^f/).  Compression  of  the  afferent  artery  causes  a  decrease,  and  compression 
of  the  vein  an  increase  in  the  volume  of  the  limb  [Afosso). 

102.  TRANSFUSION  OF  BLOOD.— Transfusion  is  the  introduction  of 
blood  front  one  animal  into  the  vascular  system  of  another  .animal. 

Historical. — The  tir<i  indicaiion  nf  direct  transfuMon  from  hlood  veuel  to  hlood  vessel  dates 
from  the  time  of  Canianus,  \n  1356.  After  the  discovery  of  the  cirailalion  in  England,  J.  Poller 
(1638)  evolved  the  idea  of  the  lran<ifusion  of  blood.  Numerous  cuperimenls  were  made  on  ani. 
maU.  New  blood  wa«  uansfused,  in  order  to  restore  life  in  animals  that  had  tieen  bled.  Boyle 
and  Lower  conducted  these  and  other  cx}M:riments.  The  blood  of  the  finme  species,  as  well  ai  the 
blood  of  other  sjiccies,  was  employed.  The  lirst  case  of  transfusion  on  man  wn*  pcrfoitned  by 
Jean  Denis,  in  Paris  ( 1667),  lamb's  blood  being  used.  At  the  present  time,  when  transfusion  is 
practiced  un  man,  only  human  bloud  is  used. 

{a)  The  red  corpuscles  are  the  most  important  elements  in  connection  with 
the  restorative  powers  of  the  blood.     They  seem  to  preserve  their  functions  even 
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in  blood  which  has  been  defibrinated  outside  the  body  {^Prn^ost  ami  Dumas  ^  1831'). 
The  effect  of  various  reagents  upon  Ihem  has  already  been  noticed  (§  4,  A). 

(^)  With  regard  to  the  gases  of  the  blood  corpuscles,  o^fyjjenated  (arterial) 
blood  never  acts  injuriously  ;  but  venous  blood  overcharged  with  carbonic  acid 
lOUgbt  only  to  be  transfused  when  the  respiration  is  sufficient  to  oxygenate  the 
»lood  as  it  passes  through  the  pulmonary  capillaries,  whereby  venous  is  transformed 
into  arterial  blood.  If  the  respiratory  movements  have  ceased,  or  are  imperfectly 
performed,  the  blood  becomes  rapidly  richer  in  carbonic  acid,  and  in  this  condi- 
tion rcachc*  the  heart ;  thence  it  is  propelled  into  the  blood  vessels  of  the  medulla 
oblongata,  where  it  acts  as  a  powerful  stimulus  of  the  respiratory  centre,  causing 
dyspni.^a,  convulsions  and  death. 

(r)  The  fibiin,  or  the  substances  from  which  it  is  formed  (§  29),  do  not  seem 
to  play  any  part  in  connection  with  the  restorative  jxiwers  of  the  lilood  ;  hence, 
defibrinated  blood  performs  all  the  functions  of  non-defibrinatcd  blood  within  the 
body  (Panum^  Landois). 

{if)  The  investigations  of  Worm  Mliller  showed  that  an  excess  of  83  per  cent. 
of  blood  might  be  transfused  into  the  vascular  system  of  an  animal  without  pro- 
.ducing  any  injurious  effects.  Hence  it  follows  that  the  vascular  system  has  the 
power  of  accommodating  large  quantities  of  blood  within  it.  That  the  vascular 
system  can  accommodate  itself  to  a  diminished  amount  of  blood  has  been  known 
for  a  long  time  (§85,  c).  [It  is  very  important  to  obser\'c  that  the  transfusion 
of  a  large  quantity  of  blood  does  not  materially  or  permanently  raise  the  blood 
pressure.] 

When  Employed. — The  transfusion  of  blood  is  used — ( i )  in  acute  anzmia 
(§41,  I),  e.g..  after  copious  hemorrhage.  New  blood  from  the  same  species  ot 
animal  is  introduced  directly  into  the  vessels,  to  supply  the  place  of  the  blood 
lost  by  the  hemorrhage. 

(2)  In  cases  of  poisoning,  where  the  blood  has  been  rendered  useless  by  being 
mixed  with  a  poisonous  substance,  and  hence  is  unable  to  support  life.  In  such 
cases,  remove  a  considerable  quantity  of  the  blood,  and  replace  it  by  fresh  blood. 
Carbonic  oxide  is  a  poison  of  this  kind  {Kuhm\,  and  its  effects  on  the  body  have 
already  been  described  (§  16).  A  similar  practice  is  indicated  on  poisoning  with 
ether,  chloral,  chloroform,  opium,  morphia,  strychnine,  cobra  poison  and  such 
substances  as  dissolve  the  blood  corpuscles,  e.g.,  potassic  chlorate. 

( j)  Under  certain  pathological  conditions,  the  blood  may  become  so  altered 
in  quality  as  to  be  unable  to  support  life.  The  morphological  elements  of  the 
blood  may  be  altered,  and  so  ftiay  the  relative  proportion  of  its  other  constituents. 
Among  these  conditions  may  be  cited  the  pathological  condition  of  urxmia,  due, 
it  may  l)e,  to  the  accumulation  of  urea  or  the  products  of  its  decomposition  within 
the  blood  [or  to  the  retention  of  the  potash  and  other  urinary  salts  {Feltz  and 
RitterYl ;  accumulation  of  the  biliary  constituents  in  the  blood  (CholKraia),  and 
great  increase  of  the  carbonic  acid.  All  these  three  conditions,  when  very  pro- 
noimc  ed,  may  cause  death.  In  these  cases,  part  of  the  impure  blood  may  be 
replaced  by  normal  human  blood  {^Landois). 

Among  conditions  where  the  morphoiogiiai  constihtenis  of  the  blood  are  altered 
qualUatively  or  quantitatively  are  :  hydremia  (excessive  amount  of  water  in  the 
blood,  §41,  1^;  oligocyth.T^mia  (abnormal  diminution  of  red  corpuscles).  When 
these  conditions  are  highly  devclo|>ed.  more  especially  in  pernicious  an.-emia  ( §  10, 
2).  healthy  blood  may  be  sulwtituted.  Transfusion  is  not  suited  for  i>ersons 
suffering  from  leuksmia  (compare  p.  33). 

After  Effects. — A  quarter  or  half  an  hour  after  normal  blood  has  been  injected 
into  the  blood  vessels  of  a  man,  there  is  a  greater  or  \ess/eAn7e  reacf/tm,  according 
to  the  amount  of  blood  transfused  (Fever,  $  220). 

Operation. — The  o^ieraiive  procedure  in  be  adopted  in  ihe  processor  transfusion  varies  according 

tf>  dcBbrinxted  or  nnn-Hefilirinated  lilcxxl   i>  uxed.     In  oriJer  to  delibrinale  Mood,  sotnc  blood  is 

riibilnwn  from  the  vein  of  a  healthy  man  in  the  ordinary  way ;  Jt  is  collected  in  an  open  vtwtl 
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and  whipped  or  beaten  with  a  glass  ror!  nnlil  all  tbe  fibrin  is  completely  removed  from  it.  It  » then 
filtered  through  an  atlas  tiher,  healed  to  the  temperature  of  the  txKly  (by  placing  it  in  warm  waier), 
and  injected,  b>'  nienn^  of  a  i^-ringe,  into  an  artery  opened  fur  the  purixiftc.  A  vein  (e.  ^,,  taiibc 
or  great  saphenous)  may  be  sclecte<l  fur  the  transfusion,  in  which  case  the  blood  is  driven  in  in  tbr 
direction  of  the  heait;  if  an  artery  is  selected  (radial  or  poslerior  tibial),  the  blood  is  injected 
toward  the  periphery  (//B/z-r)  or  toward  the  heart  {^Landois,  Schaftr). 

Dangers. — It  is  most  important  not  to  permit  the  entrance  of  air  into  the  circulolion.for  U  it  be 
introduced  in  sufficient  quantity,  it  may  cause  ileaTh.  When  air  enters  the  circulation  it  reaches  the 
right  side  of  the  heart,  where,  uwing  to  the  niuveiiit;nl  of  the  Mootl,  it  fo^m^  air  bubbles  and  maket 
a  froth.  The  air  bubbles  are  pumi>cd  intu  the  branches  of  the  pulmonary  artery,  in  which  they  be- 
come im[.>acti:d,  arrtst  ihc  pulmonary  circulllioit,  and  rapidly  cause  death. 

If  nondefibrinated  human  blood  is  used,  the  biwxl  maybe  passed  direetly  from  the  arm  of  the 
giver  to  the  arm  of  (he  receiver  by  means  uf  a  flexible  tube.  The  tube  used  must  be  filled  with 
normal  saline  solution  to  prevent  the  entrance  of  air.  [J.  Duncan  collect*  ihe  blood  shed  during 
an  operation  in  a  5  per  cent,  solution  of  wxltc  phosphale  ( Pavy^^  and  injects  the  mixture,  especially 
where  much  blood  has  l>ccn  lost  previously.] 

Peritoneal  Transfusion.— Recently,  tne  injection  of  defibhnated  blood  into  the  //n'/^Nrii/ 
ctn'ity  has  been  rctoinmendcd.  The  blood  wi  inicctcd  is  alisorbeil  (Ponfici).  Even  after  twenty 
minutes  the  number  of  blootl  corpuscles  in  the  blood  of  the  recipient  (rablHt)  Is  increased,  and  the 
number  i«  greatest  on  the  first  or  second  day  ( HiszASiro  amJ  Goigi).  The  operation,  however,  may 
cause  <!(;alh,  and  one  fatal  cose,  owing  to  pcritonili'-,  is  recorded  (il/n.i/rr).  It  is  evident  that  this 
method  of  transfusion  is  not  applicable  in  cases  where  blood  must  be  introduced  into  the  circulation 
as  rapidly  as  possible  {t.  g.,  after  severe  hemorrhage  or  in  certain  cases  of  poisoning).  fBlood  hu 
been  injected  into  the  subcutaneous  cellular  ti.'wue  of  the  abdomen  in  casca  of  great  debditv]. 

Heterogeneous  Blood. —  Tht  blood  of  animals  ought  nri'tr  to  be  tramfmtd  inly*  Ihe  hlo<ui  rtt- 
ieli  of  man.  Souic  surgeons  have  transfused  blood  direclly  from  the  carotid  of  a  lamb  into  the 
human  subject.  It  is  to  be  remembered,  however,  that  the  blood  corpuscles  of  the  sheep  arc  rapidly 
dissolved  by  human  blood,  so  thai  the  active  constituents  of  the  blood  are  rendered  useless  \  I.an- 
dois\.  As  a  general  rule,  the  blood  serum  of  some  mammals  dissolves  the  blood  corpuscles  uf  other 
mammals  (^  5,  5}. 

Solution  of  the  Blood  Corpuscles. — The  serum  of  dog's  blood  is  a  powerful  solvent,  while 
that  of  the  bluod  of  the  horse  and  raLibit  diMolves  coqiuscles  rclfltivrly  slowly.  The  blood  C(»rpu*' 
cles  of  mammals  vary  ver>'  greatly  with  reference  to  their  [^xiwer  10  resist  the  solvent  action  of  the 
serum  of  other  animals.  The  red  blood  corim«cles  of  rabbit's  blood  are  rapidly  dissolved  by  the 
blood  scrum  of  other  animals,  whiUt  those  of  the  cat  and  dog  resist  the  Mtlvenl  action  much  loiifcer. 
Solution  of  the  corpuscles  occurs  in  deilbrinated  as  well  as  in  ordinary  blood.  When  the  blood  of 
a  ralibit  or  lamb  is  injecteii  into  the  blood  vessels  of  a  dog,  they  are  dissolvcfl  tn  a  few  minutes.  If 
blood  be  withdrawn  by  pricking  the  skin  with  a  needle,  the  partially  dissolved  corpuscles  may  be 
detected. 

Liberation  of  Hemoglobin  and  H hemoglobinuria. — As  a  result  of  the  solution  of  the  col- 
ored corpuscles,  the  bk^od  plasma  is  reddened  by  the  liberated  hxmoglobin.  Part  of  the  dissolved 
material  may  l>e  used  up  in  the  body  of  the  recipient,  some  of  it  for  the  formation  of  bile,  but  if 
the  solution  of  the  corjniscles  has  l>een  cxtentiivc,  the  haemoglobin  is  excreted  in  the  urint  (ha.-mo- 
globinuria)  in  less  amount  in  the  intestine,  the  bronchi,  and  the  serous  cavities  ( PaMHrn).  Bloody 
unne  has  tteen  observe<l  in  man  after  the  injection  of  100  grammes  of  lamb's  blood.  Even  some 
of  the  recipient's  bloocl  corpuscles  are  disHolvet!  by  the  serum  of  the  transfused  blood. /.  ^'•.,  on 
transfusing  dog's  blood  into  man.  In  the  rabbit,  whose  corpuscles  are  readily  di»olved,  the  trans- 
fusion of  the  hiaod  xerum  of  the  dog,  man.  pig,  sheep,  or  cat  produces  serious  symptoms,  and  even 
death.  The  dog,  whose  corfnisclea  are  more  resistant,  bears  transfusion  of  other  kinds  of  biood 
well. 

Dangers  — When/ir/^'w  or  htieregeHtoui  blood  (/.  e.,  blood  from  a  different  spcdes)  is  trans- 
fused, two  phenomena,  which  may  be  dangerous  to  life,  occur  : — 

(1)  Before  the  crpuscles  are  dissolved  ihcy  usually  mn  together  and  furm  sticky  masses,  consist, 
ing  of  TO  or  12  corpuscles,  which  are  apt  in  occlude  capillaries.  After  a  time  i hey  give  up  their 
luemoglobin,  leaving  the  stroma,  which  yields  a  sticky,  rd)rin-like  mass  that  may  occlude  fine  vessels 

(«  3») 

(2)  The  prescrrce  of  a  large- quantity  of  dissolved  haemoglobin  may  cause  extensive  cdag[ulBtioD 
within  the  blood  vessels.  The  injection  of  dissolved  hwrnoglobin  catues  extcoiive  coagulations 
{^Naunyn  and  FranekeH). 

The  coAgnlation  occurs  usually  in  the  venous  system  and  in  tbe  larger  vesseli,  and  may  cause 
death  either  suddenly  or  after  a  considerable  time. 

Dissolved  hamoglohin  seems  greatly  to  incresse  the  activity  of  the  fibrin  ferment  (5  30),  perhaps 
by  accelerating  the  decompcKEitioo  of  the  colorless  corpuscles.  Il.-rmoglnbjn  exposed  to  the  air 
gradually  losei  this  properly  ;  and  the  fibrin  ferment,  when  in  contact  with  lucmoglobin,  is  either 
ije*trnjed  or  rendered  \css,  active  (SafAjscrtduhl). 

Vascular  Symptoms. — As  a  result  of  the  above-named  causes  of  occlusion  of  the  vessels,  there 
arc  often  signs  of  the  circulation  tcing  impeded  in  various  organs.     In  man.  after  transfusion  of 
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lainb's  blood,  the  skin  U  bluish  re<l,  in  con&equence  of  the  Aagiiatioii  of  blood  in  the  cutaneous 
veucls.  Difficulty  of  breathing  occurs  from  otisiruction  in  the  capillanes  of  the  lung  ;  while  there 
nuy  be  ruj^ure  of  unall  bronchial  vessels,  causing  sanguineou^i  expectoration.  The  dyspoft^a  may 
uicrea»e,  csiiectolly  when  the  circulali<>n  through  the  medulla  oblongata — the  seat  of  the  rejtpiratory 
centre — i*  interfered  with.  In  the  digestive  tract,  for  the  same  reason,  increased pfristof sis,  ctULtx^- 
lion  of  the  contents  of  the  rectum,  vomiting,  and  abdominal  pain  may  occur.  These  phenomena 
are  ciplained  by  the  fact  that  diuurbonces  of  the  circulation  in  the  intestinal  vesiieU  cause  increased 
peristaltic  movements.  l)egenemtion  of  the  parenchyma  of  the  kidney  occurs  as  a  result  of  the 
occlusion  of  some  of  the  renal  vessels.  Tlie  urimferous  tubules  become  plugged  with  cylinders  of 
coagulated  albumin  {Ponfick).  Owing  to  the  occlusion  of  numerous  simBll  muscular  branches  the 
mtus^les  may  become  stiflT^  or  coagulation  of  their  myosin  may  occur.  <  >ther  sj'mpinms,  referable  to 
the  nervous  ■}'stem,  the  »ense  organs  and  heart,  are  all  due  to  the  interference  with  the  circulation 
ilirough  them.  An  important  symuom  is  the  occurrence  of  a  considerable  amount  oi  frier  half  an 
hour  or  so  after  the  transfusion  of  heterogeneous  blood.  When  many  vensetx  are  occluded,  rupture 
of  some  small  blood  vessels  may  take  place.  Thi»  explains  the  occurrence  of  slight  yet  (Krsistent 
hemorrhages  which  occur  on  the  free  surfaces  of  the  mucous  and  serous  membranes,  and  in  the 
parenchyma  of  organs,  as  well  as  in  wounds.  The  blood  coagulates  with  difhcullv,  and  imper- 
fectly. 

Transfusion  of  other  Fluids. — Other  substances  have  been  transfused.  Normal  Saline  So- 
lution (0.6  per  cent.  XaCl)  aids  the  circulation  in  a  purely  mechanical  way  ( Goitx),  and  it  even 
excites  the  circulation  {Krcnec&tr,  S'lndrr,  Ott),  In  severe  a.t:inia  this  fluid  caiinot  nuintain  life 
i £uJeHiMrc  and  Lamiois).  The  injection  of  Peptone,  even  in  moderate  amnunt,  is  dangerous  to 
life,  as  it  causes  paralysis  of  the  vessels.  The  injection  of  Milk  is  accompanied  with  danger;  fever 
occurv  after  the  injeciioti,  and  die  milk  globules  cause  the  occlusion  of  many  vessel:^,  producing  sub- 
se<r^nent  degcneraiion.s.  Fat  may  appear  in  the  urine,  and  there  may  be  fatty  infiltration  of  the 
urinary  tutniles.  The  urine  contains  sugar  and  albumin,  the  liver  cells  often  contain  fatty  granules, 
and  the  weight  of  the  l>ody  dimini.<ihes.  If  too  large  a  quantity  of  milk  be  transfused,  death  occurs. 
When  untHsiied  milk  is  injected,  numerous  bacteria  are  developed  in  the  blood  {Stka/cr), 
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103, — 1.  THE  SPLEEN. — Structure. — The  spleen  is  covered  by  the  pcritoneura,  excep<  »t 
tile  hilus.  Under  thU  aerous  covering  ihere  is  a  lough,  thick,  elastic.  fihroti&  capsule,  whjdl 
closely  invest*  the  ot^an  and  gives  a  covering  to  the  vessels  which  enter  or  leave  il  at  the  hiiti*.  to 
that  hlintuj  tissue  is  carried  iuto  the  organ  along  the  course  of  the  vessel*.  [The  capsule  cannot 
lie  separated  without  icariiig  the  sjilenic  pnlp.]  Numernus  trabeculae  (kiss  into  the  spleen  irrjin 
the  Hccp  surface  of  the  cajisulc.  These  trabecuLv  branch  and  anastomose  so  as  to  pnxluce  a  net* 
work  f>(  su«enlacular  tissue,  which  is  continuous  with  the  connccli\c  tissue,  prolonged  inward  and 
surrounding  the  hload  vessels  (I'ig.  117).  Thus,  the  connective  tissue  in  the  spleen,  oa  in  other 
vitcera,  is  continuous  throughout  the  organ.  In  this  way  an  irregular  dense  network  is  fonned, 
coni)>arable  tn  the  meshes  of  a  bath  sponge.  [This  network  is  easily  demonstrated  by  washing  cot 
the  pulp  lying  in  its  meshes  by  means  of  a  stream  of  water,  when  a  beautiful,  soft,  semi-elastic  net- 
work or  framework  of  rounded  and  llattencd  threads  is  obtained.] 

Fio.  117. 


Fig.  1 18. 


A"^ 


Trabeeilc  ol  U»  »plem  ol  a  cat  with  the  spleutc  pulp  washed  out— 4, 
tnticculK :  A,  rcin- 


Splccn  nf  a  uil  iiijcdcrf 
with  eelatinv,  «bowinf 
ihe  ailenoitl  miculiim 


The  dapsule  is  composed  of  interlacing  butuUes  of  connective  tissue  mixed  with  numerotu  fine 
fibres  of  clastic  tissue  and  some  nun-striped  muscular  fibre*. 

Reticulum.— Within  the  meshes  of  the  trabecular  framework  there  Is  disposed  a  very  delicate 
network  or  reticulum  of  adenoid  tissue  {BiUrotk),  which,  with  the  other  colored  elements  that  fill 
up  the  meshes,  constitute  the  splenic  pulp  (Fig.  118).  Ttie  reticulum  is  continuous  with  the  fibres 
of  Ihe  trobecuUv.  [If  a  fine  section  "f  the  spleeu  be  "  pencilled  "  in  water,  so  as  to  remove  the 
cellular  elements,  the  preparation  jiresents  much  the  same  characters  as  a  section  of  a  lymph  gland 
similarly  treated,  vi/.,  a  very  fmc  network  of  adenoid  tissue,  continuous  with,  and  surrounding  the 
walls  of,  the  blood  vessels.  The  >paces  of  this  ti^bue  are  filled  with  lyui|)b  and  blood  corpuscles 
{Nil).] 

The  Pulp  is  a  dark,  reddish -colored  semi-fluid  material,  which  may  be  squeezed  or  washed  out 
of  the  meshes  in  which  it  lies.  It  coniaiii-s  a  Inr^e  number  nf  colored  blood  cuqmscles,  and  becomes 
brighter  when  it  is  exposed  to  the  action  of  the  oxygen  nf  the  air. 

Blood  Vessels  and  Malpighiait  Corpuscles. — Tlte  large  splenic  artery  splits  up  into  several 
branches  before  it  enters  the  spleen,  and  it  is  accom]>anied  m  its  course  by  the  vein.  IWh  vessels 
and  their  hrancho  are  enclosed  in  a  fibrous  sheath,  M'hich  liecnmes  continuous  witli  the  tnil>ecu1x. 
The  smaller  branches  of  the  artery  gradually  lose  this  fibrous  investment,  and  each  one  ulliniiiely 
divides  into  a  group  or  pencil  of  arterioles  [penicilli)  -chiik  Uo  not  nnastomasi^  wUh  /iirA  <tikrr. 
[Thus  each  branch  is  terminal — a  condition  which  is  of  great  im|X}rtance  in  connection  with  the 

Cathology  of  embolism  or  infarction  of  the  vessels  of  the  spleen.]  At  the  |)oints  of  division  of  the 
ranches  of  the  artery,  or  scattered  along  their  course,  are  small  oval  or  globular  naasscs  of  adenoid 
tissue,  about  the  size  of  a  small  millet  seed  (-^  to  ^^  inch  in  diameter) — the  MalpighiaD 
corpuscles.  [These  bodies  are  visible  to  the  naked  eye  os  small,  round  or  oval  nhile  structures, 
about  the  sixc  of  a  millet  seed,  in  a  section  of  a  fresh  spleen.]     They  are  very  numerous — [7000 
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man  {Safi^-)] — aiid  arc  readily  tlclccte*!  in  the  dork  reddish  palp.     Wc  must  be  careful  nol  to 
ii«ake  scclionk  of  ihe   irnbccuUc  Tor   them.     These  corpuscles  consi&t  of  adenoid  iiwue,  whose 
tneshes  are   loadcl  with  lymph  cor^iuscles,  nnd  ihey  present  eiacily  the  same  structure  as  ihe 
lolitary  follicles  of  the  inteMine  (compare  Lymphatu'  G/oiids^  S  197)- 

[They  arc  ju»t  small  lympluitic  accumulntinns  uround  the  arteries — peri-arterial  iDa5^s«s  of 
adenoid  tissue  simibr  to  those  masses  that  occur  in  a  slightly  dilTcrent  fonn  in  other  organs,  r.^., 
[^the  lungs.  In  a  section  of  the  spleen  the  arter)*  may  pas*  thmugh  the  centre  of  the  mau  or 
rlhrough  one  side  of  it,  and  in  some  cases  the  tissue  i^  collected  unc(|ua11y  on  opposite  sides  of  the 
^vesser  so  that  it  \s  lobsided.  'Ihey  .ire  not  surrounded  by  any  special  envelope.  In  some  animals 
'the  lymphatic  tissue  is  continued  for  some  distance  along  the  small  arxeries,  so  ihni  to  some  extent  it 
resembles  a  perivascular  sheath  of  adenoid  tissue  ( /K  M&JJer,  Schwriggir-Seidely  In  a  well 
injected  spleen,  a  few  fine  capillaries  are  to  be  found  within  these  corpuscles  iSnntiers).  The  capil- 
larie«>  distributed  in  Ihe  substance  of  the  Malpighian  corpuscle  (rig-  119)  form  a  network,  and 
ultimately  pour  their  blood  into  the  spaces  in  the  pulp.  According  to  Robin  and  Le^ros,  these 
vessels  ore  comparable  to  the  vn5a-\*asorum  of  other  blood  vessels.  According  lo  Cadiat,  the  cor- 
^pttscle*  are  separated  from  the  splenic  pulp  by  a  lymphatic  sinus,  which  is  traversed  by  etTerent 
capillaries  passmg  to  the  pulp  (  Kig.  1 19I-J 

Connection  of  Arteries  and  Veins. — It  i-«  very  ditricult  to  determine  what  is  the  exact  mode 
of  lermiiulioii  of  the  arteries  within  the  spleen,  more  especially  as  it  is  extremely  difficult  to  inject 
the  blood  vessels  of  the  spleen.     Accordii^  lo  Sticda,  W.  Miiller,  Pcremcschko  and  Klein,  ihe 
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fioc  "  capillary  arteries"  formed  by  the  division  of  the  small  arteries  do  not  open  directly  into  the 
capillary  veins,  but  the  connection  between  ihe  arteries  and  veins  is  by  means  of  the  "  intermetHary 
tfUfrftliulnr  ipaets"  of  the  reticulum  nf  the  spleen;  so  that,  according  lo  this  view,  there  is  no 
continuotu  channel  lined  throughout  by  epithelium  connecting  these  vessels  one  with  another. 
Thtis,  the  blood  of  the  spleen  dows  into  the  s|)aces  of  the  adenoid  reticulum,  just  as  the  lymph 
1  rtows  through  the  spaces  in  a  lymph  gland.  According  to  Uillrolh  and  Kfllliltcr,  a  closed 
channel  aciualty  <Ioes  exi<(t  between  the  capillary  arteries  and  the  veins,  consisting  of  dilated 
ices  (simibr  to  chnsc  of  erectile  tisjuc).  These  intermediary  spaces  are  wiid  to  be  completely 
led  by  spmdle-<hsped  epithelium,  which  abuts  externally  on  the  reticulum  of  the  pulp.  [.Accord- 
ing to  Frey,  owing  to  the  walls  of  the  terminal  vc;>scls  being  incomplete — there  being  clefts  or  spaces 
between  the  cells  coro)xmpg  ihem — the  blood  parses  freely  into  spaces  of  the  adenoid  tissue  of  the 
pnip  "  in  the  same  way  as  the  water  of  a  river  finds  its  way  among  the  pebbles  of  its  bed,"  these 
^**  intermediary  passages  "  being  bounded  directly  by  the  cells  and  filn-es  of  the  network  of  the 
»lp.  Kroro  thc-ic  pa%sageA  the  venous  radicles  arise.  At  first,  their  walls  are  imperfect  and  crib- 
and  they  often  present  pecuhar  transverse  markings,  due  to  the  circular  disposition  of  the 
tic  fibres  of  the  reticulum.  The  small  veins  have  at  tirst  a  different  course  from  the  arteries. 
icy  anastomose  freely,  but  they  soon  become  enslieathed,  and  accompany  the  arteries  in  their 
cuurie.] 

Elements  of  the  Pulp. — The  morphological  elements  are  very  variotis— {1 )  Lymph  corpuscles 
of  nrinoi  sizes,  sometimes  partly  swollen,  and  at  other  times  with  granular  contents.     (2)  Red 
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blood  corpuscles.  (3)  Transition  forms  between  t  and  2  [although  this  is  denied  hf  some  obterren 
({  7<  ^)]-  (4)  CeMfi  containing  red  blood  corpuscles  and  pigment  granoles.  [These  cells  cxhibii 
amoeboid  movements.]     (Comparers.) 

[The  Lymphatics  undoubtedly  arise  within  the  spleen.  The  lymphatic*,  which  leave  the  spleen 
are  not  numerous  (A7<//ri<-r|.  There  are  two  systems— a  superficial,  capsular  and  trabecular  system, 
and  a  perivascular  set.  The  superficial  lymphatics  in  the  capsule  arc  rather  inoir  numerous. 
Some  of  them  seem  to  communicate  with  the  lymphatics  within  the  organ  (  Tomsa.  AHfiikfr).  In 
the  horse's  spleen  they  communicate  with  the  Iymphatic.4  in  the  intbcculx  and  uilh  the  perivasculat 
lymphatics.  The  exact  mode  of  oni;in  of  the  perivascular  system  is  unknown,  but  in  part,  al 
least,  it  begins  in  the  spaces  of  the  adenoid  tissue  of  the  Malpighian  corpuscles  and  peri%'aicular 
adenoid  tissue,  and  runs  along  the  arteries  toward  the  hiltu.  There  seem  to  be  no  afferent  lym- 
phatics in  the  spleen,  such  as  exist  in  a  lymphatic  ginnd.] 

The  Nerves  of  the  spleen  are  composed,  for  the  most  part,  of  non-medulUted  nerve  fibres,  and 
run  along  with  ibc  artery.  Tlieir  exact  mode  of  temiinalion  is  unknown,  but  they  probftlilv  gt»  to 
the  blood  vessels  and  to  the  muscular  tissue  in  the  capsule  and  irabecula-  ['I'hey  are  well  aeen  m 
the  s^ilccn  of  the  ox,  and  in  their  course  verj*  small  ganglia,  placed  wide  apart,  have  been  found  by 
Ucmak  and  W.  Stirling.] 

Chemical  Composition. — Several  of  the  more  highly  oxidized  stages  of  albuminous  boilies 
exist  in  the  spleen.  Ucsides  the  ordinary  constituents  of  the  blood,  there  exist  Icucin.  tyrosin, 
xaiUhin,  hypuxaiitbin,  also  lactic,  butyric,  acetic,  formic,  succinic  and  uric  acids,  and.  perhapt, 
glycero-phosphoric  acid  (Aj/^fctw-f/l ;  cholesterin.  a  glutvn-like  body,  inoMie,  a  pigment  contaiiung 
iron,  and  even  free  iron  oxide  {Naae).  The  ash  is  rich  in  phosphoric  add  and  iron — poor  io 
chlorine  compounds.  Tlie  splenic  juice  is  alkaline  in  reaction;  the  specific  gravity  of  the  spleen  = 
1059-1066.     [The  watery  extract  of  the  spleen  contains  a  proteid  combined  with  iron.] 

The  Functions  of  the  spleen  are  obscure,  but  we  know  some  facts  on  which 
to  form  a  theory.  [The  spleen  differs  from  other  organs  in  that  no  very  apparent 
effect  is  produced  by  it,  so  that  we  must  determine  its  uses  in  the  economy  from 
a  consideration  of  such  facts  as  the  following:  (1)  The  effects  of  its  removal  or 
extirpation.  (2)  The  changes  which  the  blood  undergoes  as  it  losses  through  it. 
(3)  Its  chemical  composition.  (4)  The  results  of  experiments  u|)on  it.  (5)  The 
effecLs  of  diseases.] 

(1)  Extirpation. — The  spleen  maybe  removed  from  an  animal — old  or  young 
.^without  the  organism  suffering  any  very  obvious  change  {GaUn).  The  human 
spleen  has  been  successfully  removed  by  Kobtrlc,  Pi-an,  Zacaralia  {iS4gi),  Credi 
and  others.  As  a  result  (compensatory?),  the  lymphatic  glands  enlarge,  but  not 
constantly,  while  the  blood-forming  activity  of  the  red  marrow  of  l>one  is  in- 
creased. Small  brownish-red  patches  were  observed  in  the  intestines  of  frogs 
after  extirpation  of  the  spleen.  These  new  formations  are  regarded  by  some 
observers  as  compensatory  organs.  Tizzoni  asserts  that  new  splenic  structures  arc 
formed  in  the  omentum  (horse,  dog)  after  the  destruction  of  the  parenchyma  and 
blood  vesseU  of  the  spleen.  The  spleen  is  absent  extremely  seldom  i^MeinhttrJ, 
Koch  ami  Wachsmuth). 

[The  weight  of  the  animal  (dog)  diminishes  after  the  opention,  but  afterward  increases.  The 
number  of  red  blood  corpuscles  is  lessened,  reaching  its  minimum  about  (he  150th  to  ilie  sooib 
day,  while  that  of  the  colorless  corpuscIe«i  is  greater.  The  lymphatic  glands  (esjtecially  the  internal, 
and  those  in  the  neck,  mc&cntcry  and  groin)  enlarge,  while,  on  section,  the  cortical  substance  of 
thcM  slrjcture^  is  redder,  owing  lo  the  gre.it  numi>er  of  red  corpuscles,  many  nucleated  ( Gihti>H\t 
in  the  lymph  spaces.  The  marrow  of  all  the  long  bones  (th*>*e  of  the  foot  excepted)  iKrcomcs  very 
red  and  soft,  with  the  characters  of  embiyonic  l>one  marrow.     Such  animals  withstand  hemorrhage 
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dcliindeler  observed  that  animals,  after  extirpation  of  the  spleen,  became  very  ravenous.] 

Schiff  staled,  that  after  extirpation  of  the  spleen,  the  pancreatic  juice  failed  to  digest  proietda. 
The  evidence  in  support  of  thi<(  statement  '\s  unsatiiifactor>',  and  Mosler  affirms  that  this  operatioa 
has  no  effect  either  on  gastric  or  pancreatic  digestion.  Heidenhain  also  found  a  similar  negative 
result.  The  operation  ought  lo  be  prrformed  on  yming  animals,  as  old  animals  often  sucmmb  tn  tt. 
[Reffeneralion.— After  entire  removal  of  the  spleen,  nodules  of  splenic  tiisuc  arc  rc|«uduced 
tfox),  while  new  adenoid  tissue  is  formed  in  the  lymphatic  glands  and  in  Peyer*&  patches,  the  i^wiren- 
chyroa  of  the  former  coming  to  resemble  splenic  tissue  (  Tizxoni,  Eterned).^ 

{%)  According  to  Oerlach  and  Fiinke,  the  spleen  is  a  blood-forming  gland. 
As  already  mentioned,  the  blood  of  the  splenic  vein  contains  far  more  colorless 
corpuscles  than   the  blood  of  the  splenic  artery  (p.  31).     Many  of  these  corpus- 
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cles  undergo  fatty  degeneration,  and  disappear  in  the  blood  stream  (  Virchouf). 
Thai  colorless  blood  corpuscles  are  formed  within  the  spleen  seems  to  be  proved 
by  the  enormous  number  of  these  corpuscles  which  are  found  in  the  blood 
in  cases  of  hyperfilasia  of  the  spleen  or  leukiemia  {BennHi  (/Ss3),  tlrchtrw). 
Bi/7ozcro  and  Salvioli  found  Ihat  several  days  after  severe  hemorrhage,  the 
spleen  became  enlarged,  and  its  jtarenchyma  contained  numerous  red  nucleated 
hxmatoblasts. 

According  In  Schiff,  extirpation  of  the  spleen  has  no  effect,  eiihcr  upon  the  absolute  or  relative 
number  of  colored  or  colorless  corpuKles.  [According  to  Picard  and  Malasse/,  there  is  a  tempor- 
ary dccreuc  in  the  number  of  Ihe  red  coqjusclcs  and  their  hrvmoglolnn,  and  Gil^son  also  finds  a 
primarv  decrease  in  the  red  and  an  increase  in  the  number  of  the  white  corpuscles,] 

(3)  Other  observers  {Kotfikrr  anJ  Ecker^  regard  the  spleen  as  an  organ  in 
which  colored  blood  corpuscles  arc  destroyed^  and  they  consider  the  large 
protoplasmic  cells  containing  pigment  granules  as  a  proof  of  this  (p.  28).  Ac- 
cording to  the  observations  of  vun  Kusnetzow,  these  structures  are  merely  lymph 
corpuscles,  which,  in  virtue  of  Iheir  ama;boid  movements,  have  entangled  colored 
blood  corpuscles.  [Such  corpuscles  exhibit  similar  projwrties  when  placed  upon 
a  warm  stage.]  Similar  cells  occur  in  extravasations  of  blood  (  Mrchoiv).  The 
colored  blood  corpuscles  within  the  lymph  cells  gradually  become  disintegrated, 
and  give  rise  to  the  production  of  granules  of  h^maiin  and  other  derivatives  of 
haemoglobin.  Hence,  the  spleen  contains  more  iron  than  corresponds  to  the 
amount  of  blood  present  in  it.  When  we  consider  that  the  spleen  contains  a 
Urge  number  of  extractives  derived  from  the  decoraiK)sition  of  proteids,  it  is  very 
probable  that  colored  blood  corjiuscles  are  destroyed  in  the  spleen.  Further,  the 
juice  of  the  spleen  contains  salts  similar  to  those  that  occur  iu  the  red  blood  cor- 
pusc:les. 

The  blood  from  the  spleen  is  said  to  have  undergone  other  changes,  but  the  following  .statement 
must  t»e  accej>ictl  with  caution  :  The  blood  of  the  aplenic  vein  contains  more  water  and  fibrin ;  its 
red  blood  cirpu^clet  are  smaller,  brighter,  leu  tlattencd.  more  re^jsiani.  and  do  not  form  rouleaux; 
iLi  h:i:mO|rIubin  cry)itallizes  mure  easily,  and  there  t.s  a  large  proponion  of  O  during  digestion. 

[The  spleen  has  very  direct  relations  to  the  blood  ;  in  it  colored  blood  cor- 
puscles undergo  disintegration,  it  produces  colorless  corpuscles,  and  it  is  said  to 
transform  white  corpuscles  into  red  \Cred^  Gibson),'\ 

(4)  Contraction. — In  virtue  of  the  plain  muscular  fibres  in  its  capsule  and 
trabecular,  the  spleen  undergoes  variations  in  its  volume  (A'J////vn.  .Stimulation 
of  the  spleen  {Hud.  Wnj^ner,  1S49)  or  its  nerves,  by  cold,  electricity,  quinine, 
eucalyptus,  ergot  of  rye,  and  other  '*  splenic  reagents  "  {.Xfosh-r),  causes  it  to 
rontract,  whereby  it  becomes  j>aler,  and  its  surface  may  even  appear  granular. 
A/Ur  a  meal^  the  spleen  increa.ses  in  si/e,  and  it  is  tisually  largest  about  five  hours 
aficr  digestion  has  begun,  /.  a,  at  a  time  when  the  digestive  organs  have  almost 
iitiishcd  their  work,  and  have  again  become  le«s  vascular.  .After  a  time  it  regains 
its  original  volume.  For  this  reason  the  sjdeen  was  formerly  regarded  as  an  ap- 
pAratus  for  regulating  the  amount  of  blood  in  the  digestive  organs.  [The  conges- 
tion of  the  spleen  after  a  meal  is  more  probably  related  to  the  formation  of  new 
colorless  corjutscles  than  to  the  destruction  of  red  corpuscles.  It  maybe,  however, 
that  some  of  the  products  of  digestion  are  p.irttally  acted  upon  in  the  spleen,  and 
undergo  further  change  in  the  liver.]  There  is  a  relation  between  the  size  of  the 
spleen  and  that  of  the  liver,  for  it  is  found  that  when  the  spleen  contracts — r.  g.^ 
by  stimulation  of  its  nerves — the  liver  becomes  enlarged,  as  if  it  were  injected 
with  more  blor.d  than  usual  {Drosdow  and  Botschrtschkartr,i<\. 

[Oncograph. — Botkin,  and  more  recently  Roy,  have  studied  various  condi- 
tions which  affect  the  size  of  the  spleen.  Roy's  observations  are  moii.l  important. 
He  enclosed  rhe  spleen  of  a  living  animal  (dog)  in  a  box  with  rigid  walls,  and 
filled  with  oil,  after  the  manner  of  the  plethysmograph  (!j  loi,  ^76).  Any  varia- 
tions in  the  sijie  of  the  organ  caused  a  variation  in  the  amount  of  oil  within  the 
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box,  and  these  variations  were  recorded.  This  instrument  Roy  termed  an  "  onco- 
graph "  O'/Kos,  volume).     The  blood  pressure  was  recorded  at  the  same  lime. 

Roy  finds  that  the  circulation  through  the  spleen  is  peculiar,  and  that  it  is  not 
due  to  the  blood  pressure  within  the  arteries,  but  is  carried  on  chiefly  by  a  rhyth- 
mical contraction  of  the  muscular  fibres  of  the  capsule  and  trabecule.  The  spleen 
undergoes  very  regular  rhythmical  contractions  (systole)  and  dilatations  ( dias- 
tole j.  This  alternation  of  systole  and  diastole  may  last  for  hours,  and  the  two 
events  together  occupy  about  one  minute  (Fig.  120).  Changes  in  the  arterial 
blood  pressure  have  comparatively  little  influence  on  the  volume  of  the  spleen. 
The  rhythmical  contractions,  although  modified,  still  go  on  after  section  of  the 
splenic  nerves.  This  would  seem  to  indicate  that  the  spleen  has  an  independent 
(nervous)  meclianism  within  itself,  causing  its  movements.] 

Influence  of  Nerves. — Section  of  the  splenic  ner\'es  causes  an  increase  in 
the  size  of  the  spleen ;  and  when  the  nerves  at  the  hilum  are  extirpated  it  swells 
and  assumes  a  deep  purple  color.     The  nerves  have  their  centre  in  the  medulla 
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Tracing  iM  a  «|itcnic  ciitvr,  retluced  onchall,  Inkcn  «rtl>t  the  oncognpti.  The  upftei  line  wtrh  br^c  waw«  »  ihc 
splcnk  curve,  catch  Atcent  corretpontH  to  «n  incrcaK.  >nil  mch  ilcM.eiit  t»  »  ilimmuiion  lit  the  vnlumc  nf  the 
«fiiecn.  'rSc  curve  tienealh  h  ■  btood.prc»«iire  tracing  frucn  ihe  cnmtid  nrtcr}'.  Thr:  lowr&t  line  indtrate^  the 
time,  the  inicmiptloiu  nC  the  fnarker  i>ccurrin){  evaty  two  seconds.  I'he  vertical  lineii,  a  *nd  i,  Kire  ibc  r^tive 
poftilionK  vt  the  lever  paint  a(  the  nnct^mph,  aitil  of  the  point  nf  the  recording  alyle  ri  (he  kymograph  w|nct- 
ively  (J?<fy>. 

oblongata,  and  so  far  they  are  comparable  to  vasomotor  nerves.  Stimulation  of 
the  medulla  oblongata,  either  directly  or  by  means  of  asphyxiated  blood,  causes 
contraction  of  the  spleen  [hence,  the  spleen  is  "  small  and  contracted  "  in  death 
from  asphyxia].  The  fibres  proceed  down  the  cord,  and  are  probably  joined  by 
other  fibres  derived  from  ganglion  cells  lying  opposite  the  first  to  the  fourth  cer- 
vical vertebra;,  which  cells  also  act  on  the  spleen.  The  fibres  leave  the  cord  in 
the  dorsal  region,  enter  the  Icfl  splanchnic,  pass  through  the  semilunar  ganglion. 
and  thus  reach  the  splenic  plexus  i /aschkowitz).  Stimulation  of  the  peripheral 
ends  of  these  nerves  causes  contraction  of  the  spleen,  and  so  does  cold  applied 
to  the  spleen  directly  or  over  the  region  of  the  organ.  In  this  last  case  the  result 
is  brought  about  rcflcxiy.  Section  or  paralysis  of  these  nerves  causes  dilatation, 
and  so  does  curara  or  continued  narcosis  (^^jj^tf-t).  [Botkin  found  that  the  appli- 
cation of  the  induced  current  to  the  skin  over  the  spleen,  in  a  case  of  leuk.'emia, 
caused  well-marked  contraction  of  the  spleen  in  all  its  dimensions ;  the  spleen 
becoming  firmer,  and  its  surface  more  irregular.     The  result  lasted  much  longer 
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duration  of  the  srimulus.  The  same  occurred  in  a  case  of  enlarged 
lymphatic  glands.  After  a  time  the  organ  began  to  enlarge.  After  every  stimu- 
lation the  number  of  colorless  corpuscles  in  the  blood  increased,  and  the  condi- 
tion of  the  patient  improved.] 

[There  is  a  jxipular  notion  that  the  spleen  is  influenced  by  the  condition  of  the 
nervous  system.  Botkin  found  that  depressing  emotions  increased  its  size,  while 
exhilarating  ideas  diminished  it.  The  causes  of  these  changes  are  referable  not 
only  to  changes  in  the  amount  of  blood  in  the  spleen,  but  also  to  the  greater  or 
less  degree  of  contraction  of  its  muscular  tissue.  And  it  would  appear  that,  like 
(he  small  arteries,  the  muscular  tissue  of  the  spleen  is  in  a  state  of  tonic  con- 
traction. The  size  of  the  spleen  may  be  influenced  rcflexly.  Thus,  Tarchan- 
ofl*  fuund  that  stimulation  of  the  ceniral  end  of  the  vagus,  when  the  splanchuics 
were  intact,  caused  contraction  of  the  spleen,  while  stimulation  of  the  centrat 
end  of  the  sciatic  also  caused  contraction,  but  to  a  less  degree.  It  is  quite  cer- 
tain that  all  the  phenomena  are  not  due  to  the  action  of  vasomotor  nerves  on  the 
splenic  blood  vessels.  There  is  a  certain  amount  of  independent  action  of  the 
mubcular  Abrcs  of  the  organ,  and  tt  is  not  improbable  that  the  innervation  of  the 
ipleen  is  similar  to  the  innervation  of  arteries,  and  that  it  has  a  motor  centre  in 
the  cord  capable  of  being  influenced  reflexly  by  afferent  nerves,  while  it  also  sends 
out  efferent  impulses.] 

[Roy  confirmed  most  of  these  results,  and  found  that  stimulation  of  (i)  the  cen- 
tral end   of  a  sensory  nerve;  (2)  of  the  peripheral  ends  of  both  splanchnics; 

)  of  the  peripheral  ends  of  both  vagi,  caused  contraction  of  the  spleen.  But 
rcn  after  section  of  the  splanchnics  and  vagi,  .stimulation  of  a  sensory  nerve 
"d  contraction,  so  that  there  must  be  some  other  channel  as  yet  unknown, 
t  laine  found  that  electrical  siimulaiion  of  certain  parts  of  the  cortex 

tti.ii  ^.roduced  contraction  of  the  spleen.]     Sensory  nerves  seem  to  occur  only 

Ihc  peritoneum  covering  the  spleen. 

ire  on   the   splenic   vein    ciuses   enlargement    nt   Ihe    spleen    {Motlrr)-,    hence,  increa]ic<l 
in  thu  vein  (CQtigestion  of  the  portal   vein,  ccsutiun  of  hemorrhQulal  and  menstrual  iJis- 
tcs)  also  cause  lU  enUrgeateni.     With  regard  10  itie  action  of  "  splenic  reagents,"  such  u 
linine,  on  the  Lantractii'n  uf  the  spleen^  llinz   is  of  opinion   thai   lhi»  drug  retanls  the  fnTinalion 
c-  'rle«»  blood  corpascles,  su  that  its  chief  function  13  interfered  with  and  the  ori^n  tKComes 

I  a.     It  IS  not  definitely  decided,  however,  whether  it  is  contraction  or  dilatation  of  the 

■I'lrLii  i...i\  Altera  the  pti)|xirtion  ul   reel  and  white  corpuscles  in  the  hlood. 

Splenic  Tumors. — The  increase   in  »iw;  of  the  spleen  in  various  diseases  early  aUracted  the 
Alici»tion  zti  phv^tcians.     The  healthy  spleen  undergoes  several  variations  in  volume  during  the 
ir««  of  a  (lay,  corrcsjMnding  tu  Ihe  var^'ing  activity  of  Ihe  digestive  organs.     In  this  respect  the 
leeo  rrseaiMcs  Ihc  arteries.     In  many  fevers  the  spleen  Iwcuracs  greatly  enlargeil,  probably  due 
^VBlys&  ut  Its  nerveb.      It  is  greatly  increased  in  intermtUeni  fever  or  ague,  and  often  during  (he 
of  ryphu.s.     When  it  becomes  abnurmally  enlarged,  and  remains  so  after  re]>eated  attacks  of 
It  .1  u  greatly  hy|)eitropliied  and  cutu>iitutcs  "  a^e  cake."     In  cases  uf  splenic  leuka-uiia 

I  V  enlarged,  and  at  the  same  time  there  is  a  great  increase  in  the  number  of  coUirlesa  cor- 

puM.lL->  Lii  the  bkoij  :iitd  also  a  decrease  of  the  colored  ones  (^  10). 

11.  THE  THYMUS.— During  fcrtal  life  t^iis gland  is  lai^^cly  developed, and  it  increases  during 
hrst  two  or  three  years  of  life,  remaining  stationary  until  the  tenth  ur  fourteenth  year,  when  it 
to  atrophy  and  undergo  fatly  degeneration,     [The  degeneration  begins  at  the  outer  part  of 
ich  lohulc  and  pT<jgress  inward  (//u).] 

Structure.  — ["  It  consists  of  an  aggregation  of  lymph  follicles  (resembling  the  glands  of  Peyer) 

massed  >it  adcituid  Ussuc  held  tngcthcr  uy  a  framework  of  connective  tissue  wliicTi  contains  blood 

isels.  Iynipliaii(s,  and  .1  few  nerves  (I''ig.   lii).     'Ihe  framework  of  connective  tissue  gives  oil 

tthich    iiv..>.'  lite  gland  into  lobes,  these  being  further  subdivided  by  finer  sef>ta  into  lobules, 

luNik:^  laled  by  line  intra-Iobutar  lauielht:  of  connective  tissue  iiilu  follicles  (0.5-1.5 

l/     T''  ~  make  up  Ihe  gland  «.ul>stance,  and  ihey  are  usually  polygonal  when  seen  in 

xDon.     Each  tuUicle  cotuists  of  a  cortical  and  a  medallary  pan,  and  the  matrix  or  fraqie- 

ol  lK>lh  consists  of  a  fine  adenoid  reticulum  whose  nieslies  arc  tilled  with  lymph  cor^juscles" 

\22,  'I I  ]      Many  of  these  corpuscles  exhibit  various  stages  of  disintegration.     In  the  medulla 

found  the  concentric  corpuscles  of  Hassall.     [**  They  consist  of  a  central  granular  part, 

iml  which  is  dt<<[>u»ed  layers  uf  HaUcncd,  nucleated,  endothelial  cells  arranged  concentrically. 

en   «ccu  in  a  liecuon  they  resemble  the  'cell  nests'  of  epithelioma  (Fig.  122,  if).     They  have 
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also  been  comjwired  lo  similir  bodies  which  occur  in  the  prostate.  They  are  mort  mtmerous  wtitn 
the  gland  undergoes  it&  retrograde  ractamorphows."'] 

Simon,  His,  and  others  describcfi  a  convoluted  blintl  canal,  the  "  central  canftl,"  a*  occnniDC 
williiu  the  gland,  and  on  it  the  f-dliclcB  were  said  lo  be  placed.  Other  ol»crvera,  Jcndnuaik  ana 
Ktcin,  either  deny  its  existence  or  rcganl  it  merely  as  a  lymphatic  or  an  artificial  product.  Numer- 
ous fine  lymphatics  penetrate  into  the  inierior  of  the  organ,  and  many  are  distributed  over  j(»  lur- 
face,  but  ihcir  mode  of  origin  i»  unknown.  [Tliey  seem  to  be  channels  through  which  the  lympli 
corpuscles  arc  conveyed  away  from  the  gland.]  Numerous  blood  ves&els  ore  also  dtstribmed  to 
the  septa  and  follicles  (Fig.  131.  r). 

Cheirical  Compofiiiion.  —  licsidcx  gelatin,  albumin,  soda  albumin,  there  arc  sugar  and  fat, 
leuchin,  xanthin,  hypoxanthin,  formic,  acetic,  butyric,  and  Kucciuic  acids.  Potash  and  phosphoric 
acid  are  more  abundant  in  the  ajA  than  soda,  calcium,  magnesium  (?  ammonium),  chlonne. and 
sulphuric  acid  {t.  Gomp-BesatK-i). 

Function.— As  long  as  it  exists,  it  seems  to  perform  the  function.^  of  a  true  lymph  gland.  This 
view  is  supporter!  by  the  fact  that  in  reptiles  and  amphibians,  which  do  not  possess  lympii  glands, 
the  thymus  remains  as  a  permanently  active  organ.  7*hat  the  thymus  funns  colorless  corpusdeswms 
tirst  mainiained  by  Hewson.  and  confirmed  by  Mis  and  Jcndrassik.  [Extirpation  (FritdUhen) 
gave  few  positive  resuhs,  but  chemical  investigaiion  shows  that  the  parenchyma  contains  a  Urge 
number  of  products  indicating  considerable  metabolic  activity.  The  volume  of  the  gland  undergoes 
variations  both  in  health  and  disease.] 

Fig.  121. 


Fig.  laa. 
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section  uf  the  thymiu  stand  of  a  cat,  iJiowing  otM 
complete  lobule  with  on  nuier  cnrtical  part,  a 
ceiitn,  /.  and  paru  of  ad'y>\n\n^  Iiitiulcs  m. 
lymphoid  lisMic ;  <',  blood  vcakIx  Injected:  J, 
coBitective  tissue 
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111.  THE  THYROID. — Structure. — In  a  connective-tissue  network  rich  tn  cells  there  lie 
numerous  completely  closed  sacs  (0.04  to  o.t  mm.  in  diameter),  which  in  lite  embryo  and  the 
newlybom  animal  are  composed  of  a  membrana  propria  lined  by  a  Mngle  layer  of  nucleated  cubi- 
cal cells  (Fig.  123).  The  sacs  contain  a  transparent,  viscid,  allniminouA  Huid.  [Not  uofrequeMlr 
the  sacs  contain  many  colored  blood  corpuscles  [Baber).  As  m  other  glands  there  are  lobia  and 
lobules.]  Each  sac  is  surrounded  by  a  plexus  of  capillaries  which  do  not  penetrate  the  roembraas 
propria.  There  arc  al-'wi  numerous  lymphittics.  At  an  early  period  the  sacs  dilate,  their  ccllttlar 
iUitng  atrophies,  and  their  content?  nndcrgo  coUoid  degeneration.  When  the  gland  vesicles  arc 
greatly  enlarged  "  goitre  "  is  produced. 

The  Chemical  Composition  of  this  gland  has  not  been  much  Investigated.  In  addition  to  the 
ordinary  constituents,  leuan,  xanthin,  sarlun,  lactic,  aaccintc,  and  voladle  fatty  acids  have  been 
found. 

[Excision.— The  efTectsdifTcr,  according  to  the  animal  operated  on.  Thisgland  has  been  excised 
in  the  human  subject  in  caws  of  goitre.  Rcverdin  pointed  out  that  a  peculiar  condition  resulted, 
called  Cachexia  atumiphva,  and  practically  the  bumao  being  becomes  a  cretin.  This  o|>erBtioa, 
therefore,  ts  highly  questionable  when  jwrformcd  on  man  {A'c^ker).  Rabbits  endure  the  0|*erat(oo 
well.  Of  do^a,  only  a  very  small  number  survive,  nearly  all  die.  The  immediate  effects  arc  fibril* 
Ur  contraclionj,  which  ultimately  in6uence  the  gaii  of  the  animals,  convulsions,  Buasthcsia,  great 
diminution  of  senMbility,  Iosk  of  tlesh,  redness  of  the  ears  and  intense  heat  of  the  skin  t  which  dis* 
appenr  after  several  days),  difhculty  in  sci/ing  and  eating  food,  kcrato-conjunciiviiis,  and  frequently 
disturbanceof  the  rhythm  of  respiration  with  dys(.vn<ca  attd  spasmsof  the  alxlominal  muscles  i^Scitt^, 
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ZfjtJi.J.  IVagner).  The  arterial  blootl  contains  about  the  same  amount  of  O  as  venous  I'IdikI. 
Certain  parts  of  the  peripheral  nerves  undergo  a  kind  of  degeneration  simitar  in  thai  found  after 
nerve  stretching.  There  Is  allniminuria  and  fall  of  the  blood  prcMure  [Aibertoni  and  7'izsitm\. 
There  \&  a  great  tendency  for  the  animal  to  run  backward.  Death  usually  occurs  between  the 
third  and  founh  day,  the  animals  being  comaiose  ( li'^f^ner).  Schiff  found  that  if  one-half  of 
the  gland  was  cxciseil  at  once,  and  the  ulber  half  a  munlh  afterward,  death  did  not  occur ;  but 
Warier  denies  this,  fur  he  asscns  that  the  retiiainiii};  half  hypertrophies,  and  if  it  be  excised 
death  occurs,  tviih  the  usual  s^-mptoms.  In  monkeys,  live  days  after  the  0|>eration,  there  are 
•ymptoms  of  nervous  disturbance.  The  animals  luvc  lo&t  their  appetite,  there  arc  hhrillar  con- 
tractions  uf  the  muscles  of  the  face,  hands,  and  feet,  but  the  tremors  disappear  on  voluntary  effort. 
The  appetite  returns  and  is  increased,  but  notwithstanding,  the  animal  grows  thin  and  pale  ;  while 
the  tremors  increase  and  affect  all  the  muscles  of  the  body.  These  tremors  are  of  central  origin, 
because  they  disajwwar  on  dividing  the  nerve.  Thu.s  there  is  profound  alteration  of  the  motor 
powers.  Among  the  outward  symptoms  are  pufimeu  of  the  eyelids,  swelling  of  the  abdomen, 
increased  hebetude,  and  dyspnoea,  while  afterward  there  is  a  fall  of  the  temperature  and  imbecility ; 
the  tremors  disappear,  lliere  is  a  pallor  of  the  skin,  and  ultimately,  after  nvc  to  seven  weeks,  the 
animals  die  in  a  comatose  state.  Thus  there  is  a  slow  unset  of  hebetude,  terminating  in  iml>ecility. 
Voy  remarkable   changes  occtir  i\\  the  blood.     Inhere  is  a  steady  fall  of  the  blood  pressure, 

Fifi.  123. 


Sttctxw  <A  the  thyroid  gland  <  X  i^oY    «,  sman  cloicd  vetlcks  lined  Inr  low  colamnar  epltheliua  :  i,  colloid 
maises  dbtendlog  the  vesicles  ;  e.  connective  tUsiw  betveen  the  vesiclcs. 


oUfcmia  tdiminulion  of  the  red  bloutl  corpuscles)  or  rather  profound  aruemla,  leucocylhxmia 
or  Icucocytosls,  the  colorless  corpuscles  t>eing  Increased  to  the  ratio  of  four  to  fuurteen,  and 
U*llj  mucin  is  present  in  the  blood,  although  nutnially  it  is  not  sn.  The  sali%-ary  glands 
arc  hypertrrjphied,  owing  to  the  presence  of  mucin,  which  is  foutid  even  in  the  parotid, 
although  this  is  normally  a  serous  gland  {\  141).  The  swelling  of  the  alvlomcn  is  due  to 
h;|>cnruphy  of  the  great  omentum.  Mucin  Is  found  in  the  pcrituncal  fluid,  and  the  spleen 
it  alvi  enlarged.  Thus  these  symptoms  present  many  features  in  common  with  those  of 
MyxBdena  described  by  Ord  {v.  HorsUy).^ 

[Stages. — Horsley  distinguishes  three  stages.  The  first  or  neurotic  cxhibtls  coastaot  tremors, 
S  ya  sccood,  and  young  ammals  do  not  appear  to  survive  this  stage.  \n  the  second  or  mucinoid 
■age,  mucin  Is  dc])Osited  in  the  tissues  and  blood;  this  change,  however,  is  only  seen  to  perfection 
in  monkeys.  If  these  anini.iU  \<  kef>l  at  a  high  artiliciol  temperature,  their  life  is  considerably 
prolonged.  In  the  third  atrophic  or  marasraic  period,  the  animals  die  of  marasmus,  whdc  they 
looe  their  excess  of  mucin.  Age  seems  tu  exert  an  im|Mjrtunt  inlluciice  in  thyroidectomy;  young 
diigt  survive  but  a  shon  time,  while  old  dtjgs  merely  exhit>ii  sym['i|rims  nf  indolence  and  incaj'wtcily  ; 
and  as  a  inatlcr  of  fact,  the  activity  of  the  gland  scctns  to  be  most  active  when  tissue  metabolism  ts 
most  active.] 

[Tbe  following  table,  after  Horsley,  indicates  the  symptoms  thai  follow  : — 
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Sueea. 

iJuration. 

Symiitonu. 

Reniarki.                   ' 

1.  Neurotic. 

I  to  2  weeks  in 
dogs;  I  to  3 
weeks  in  mon- 
keys. 

1  to  I  week  in 
dogs;  3  to  7 
weeks  in  raon- 
kejrs. 

Tremors,  rigidity, 
dyspncea. 

Young  dot;5  and  monkey* 
alike  die  in  this  stage. 

IL  Mucinoid. 

Commencing  hel>eiude 
and  mucinoid  degen- 
eration of  ihc  connec- 
tive 1  issues. 

Dog$  survive  only  to  the 
I  <cgmning  of  this  tJa^e; 
monkeys  die  at  the  e  nd, 
if  not  treated. 

in.  Atrophic, 

5  toSu-eeks  in 
monkeys. 

Complete  imbecility  and 
atrophy  or  all  tissues, 
especially  muscles. 

Monkeys  survive  accord*  j 
ing  to  the  temperature 
of  the  air-bath. 

^^ 


Functions.— The  functions  of  the  thyroid  gland  are  very  obscure.  Perhaps  it  may  bo  an 
ap{>3ratus  for  regulating  the  blood  supply  Lo  the  head  (?).  It  becomes  enlarged  in  Basedow's 
disease,  in  whifh  there  is  great  palpitation  as  well  a5  protrusion  of  the  eyeball  [Exophthalmos], 
which  seem  to  depend  upon  a  iirnuUnneous  slimuialion  of  the  accelerating  nerve  of  the  heart,  and 
the  .sympatheiic  tibrcs  for  the  sm(j<»lh  muKles  in  the  orbital  cavKy  and  the  eyelids,  as  well  as  of  the 
inhibitory  fibres  of  the  vessels  of  the  ihymid.  In  many  localities  it  is  common  to  find  swclhng  of 
the  thyroid  consittuiiiig  goitre,  which  is  sometimes,  but  far  from  invariably,  associated  with  idiocy 
and  cretinism.  [Horslcy  lirids  that  its  removal  is  the  essential  cause  of  inyxccdenm  and  cretinism. 
He  regards  it  (I)  as  a  blood-forming  gland,  so  that  it  has  a  hxmapoietic  function,  hut  Gibson 
tinds  no  grounds  for  8upi»^)rting  this  vic:i*-.  During  the  ameinia  rejmUing  from  tu  removal,  the  blood 
of  the  thyroid  vein  contains  7  i»er  cein.  more  red  bUtod  corpuscles  than  the  corre.sjy^nding  artery 
{Ifurshy).     (2)  h  seems  lo  regulate  the  formation  of  mucin  in  the  body.     After  its  removal  the 

normal  luctaboltstn  i^  no  lunger  m^unuined,  and  there  i«  a 

Fig.  124,  corres|K»nding  increasingly  defective  condition  of  nutrition.] 

In   the  Tunirala,  this  gland,  re|»Tcwntcd  by  a  groove, 

~   -      .j,^  se^  rcies  a  digestive  fluid.     In  venebrates,  it  is  an  organ 

^^^Jjt-     which  has  undergone  a  retrograde  change  [^Get^enbnur). 

^^-^'  "^         IV.      THE      SUPRARENAL     CAPSULES  — 

Structure. — '^lle^c  organs  are  invested  by  a  iliin  cap- 
sule which  sends  processes  into  the  interior  of  the  organ. 
'Ihcy  consi*!  of  an  outer  (broad)  or  cortical  layer  and  an 
inner  (nnnow)  or  medullary  layer.  The  former  is  yellow- 
ish in  color,  firm  and  siriaird,  while  the  latter  is  softer 
and  deeper  in  lint.  In  the  ouiermmt  zone  of  the  lorfrj 
(Fig.  124.  h),  the  tiabccuLx-  form  polygonal  meshes, 
which  contaui  the  cells  of  ihe  gland  subs-iancc;  in  the 
broatler  middle  zone  Ihc  tncHhes  are  elongated,  and  the 
cells  filling  them  are  arranged  in  columns  radiating  out- 
ward. I  lere  the  cells  are  transparent  and  nucleated,  often 
containing  oil  globuUs;  in  the  lunertnnst  narrow  zone  the 
polygonal  arrangement  prevails,  and  the  cells  often  contain 
yel'owish-brown  pigment.  In  the  tneduUa  \c)  the  ^ruma 
fornib  a  reticulum  containing  grouj'*  of  cells  of  very  irrrg- 
ulnr  !>liap«.  Nuniernus  blood  vessels  occur  in  the  gland, 
especially  in  the  cortex.  [The  nerves  are  cstreinely 
numerous,  and  arc  derived  from  the  renal  and  sobr 
plexuses.  Many  of  the  tibrcs  are  medullaicd.  After 
they  enter  live  gland,  numerous  ganglionic  cells  occur  in 
the  plexuses  which  they  form.  Indeed,  some  observers 
regard  the  cells  of  the  metlulla  as  nervouf.  UndouhiedU , 
numerous  multipoltir  lun-r  itlh  exist  within  the  glanil,} — 
[Ehfrlhy  Crei,i:ht(*n,  v.  Bmnn). 

Chemical    Composition. — The   suprarenals  contain 
the   coin-tttuenls  uf   connective  lt»ue  and    nerve  tissur ; 
also  leucin,  hypoxanihin,  benzoic,  hipj-uric,  and    tauio- 
Scclion  of  a  huniAfi  luprerennl  catMUlv.  •>.  cup*  chnlic  acids,  laurin,  inosil,  fxUs,  and  a  hcxly  which  liecomes 

^S^ii!''.?l£'i'„°J;Vc«^":r*f1;°  P'S"""'-!   ';>•  -.J"—       A„,„ng  i„org.nic  ail«.ncc. 

iliklU .  •/,  ttlood  vetMb.  putash  and  pliusphonc  acid  arc  most  abundant. 
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The  function  of  ihe  suprarcn.iI  boHy  is  eery  ob$cure.  It  is  noticeable,  however,  that  in  Addi- 
son's disease  ("bronzed  skin 'i,  which  is  perhaps  primarily  a  nervous  aflfeclion,  these  glands 
have  frc'iucnily.  hut  noi  iovarialily,  been  found  to  be  discai-d.  Owing  to  the  injury  to  adjacent 
alxlominaJ  organs  extirpation  of  these  organs  ts  often,  although  not  always,  fatal;  in  dog*  pig- 
ncnied  juiches  have  been  found  inihe  <-kin  near  the  mouth.  iJrawn  Sequard  thinks  they  may  be 
Concerned  tn  preventin^^  the  over* production  of  pigment  in  the  blood. 

[Spectrum. — MacNIunn  tinds  th.it  the  medulla  of  the  suprarenal  bodies  (in  man,  cat,  dog, 
guinea  pt£,  rat,  etc.)  gives  the  spectrum  of  h.-cmochromogen  (^  i$),  while  the  conex  shows  that  of 
what  he  calt«  hislohKmatin,  the  latter  being  a  group  of  respiratory  pigments.  lie  tinds  that  hre- 
njochniinogcn  is  only  found  in  excretory  organs  (the  bile,  the  liver) ;  hence,  he  rcgard.s  the  medulla 
»5  excretory,  >o  that  part  of  the  function  of  the  adxcnals  may  be  "to  metamorphose  effete  hztmo- 
glob*n  or  harmalin  Into  hwmftchromt^cn."  and  when  they  arc  diseased,  the  effete  pigment  is  not 
removed;  hence,  the  pigmentation  of  the  skin  and  mucnu*  membranes.  Taurocholic  acid  has  been 
found  in  the  medutio  (  I'ulpian).  MacMunn  believes  that  "ihey  have  a  large  share  In  the  down- 
ward metamorphosis  of  coloring  matter."  Krukcnberg  regards  the  pigment  as  a  pyrocatecbin 
c/>m|<ound.] 

V.  HYPOPHYSIS  CEREBRI-COCCYGEAL  AND  CAROTID  GLANDS.— The 
hypophysis  cerebri,  ur  pituitary  body,  consists  o{  an  anterior  lower  or  larger  lobe,  portly  cm- 
dracing  the  poftteriot  lower  or  smaller  lobe.  These  two  loties  are  distinct  in  their  structure  and 
development.  The  posterior  lobe  is  a  part  of  the  brain,  and  belongs  to  the  infundibitlum.  The 
biCTvous  elements  are  displaced  by  the  ingrowth  of  connective  tissue  and  blood  vessels.  The 
tmten'fr  ponion  tcptesems  an  inflecte<l  and  much  altered  ponion  of  ectoderm,  from  tvhich  it  is 
d<A'ctopcd.  It  contains  gland-like  structures,  with  conncclive  tissue,  lymphatics  and  blood  vessels, 
the  whole  being  sumjiinded  by  a  capsule.  According  to  Ecker  and  Mihalkowic/,  it  resembles  the 
suprarenal  ra|vuite  in  its  structure,  while,  according  to  other  observers,  in  some  animals  it  is  more 
like  the  thyroid.     Its  functions  arc  entirely  unknown. 

[Biccision. — llorsley  has  removed  this  gland  twice  successfully  in  dogs,  which  lived  from  five  to 
six  months.  No  nervous  or  other  symptoms  were  noticed,  hot  when  the  cortex  of  the  lirain  was 
exposed  and  stimulated,  a  great  Increase  in  tlie  excitability  of  the  motor  regions  was  induced,  excn 
flight  simulation  being  followed  by  violent  tetanus  and  prolonged  epilepsy.] 

Coccygeal  and  Carotid  Glands. —  The  fnnner,  which  lies  on  the  tip  of  the  coccyx.  Is  composed, 
to  a  large  extent,  <jf  plexuses  of  small,  more  or  less  cavernous  arteries,  supported  and  enclosed  by 
ic\Hh  and  a  ca[eule  of  connective  tissue  iLuschta).  Between  these  lie  polyhedral  granular  cells. 
arranged  in  networks.  The  carotid  gland  (Kig.  45)  has  a  similar  structure  (p.  [14].  Their  func- 
tions arc  quite  unknown.  Perhaps  both  oi^ans  may  be  regarded  at  the  remaius  of  embryonal  blood 
ve&cU  {ArttutJ). 

Z04.  COMPARATIVE. — The  heart  in  fishes,  as  well  as  in  the  larva-  of  amphibians  with 

Eitls,  is  a  simple  vcnuu:*  heart,  consisting  of  an  auricle  and  a  ventricle.  The  ventricle  propels  the 
lood  to  the  gills,  where  it  is  oxygcnatc^l  (arterializcd ) :  thence  it  passes  into  the  aorta,  to  he  dis- 
tributcd  to  all  pans  of  the  body,  and  returns,  through  the  capillaries  of  the  body  and  the  veins,  to 
the  heart.  Tlie  amphibians  (frogs)  have  two  auricles  and  one  ventricle.  From  the  latter  there 
proceeds  one  vessel  which  gives  off  the  pulmonary  arteries,  and  as  the  aorta  supplies  the  rc!>t  of  the 
body  with  blood,  the  veins  of  the  systemic  circulation  carry  their  blood  to  the  riglu  auricle ;  those  of 
tbc  lung  into  the  left  auricle.  In  tishes  and  ampliiblans  there  L^  a  dilatation  at  the  commencement 
of  th*  aona.  the  bulbus  arteriosus,  which  is  partly  provided  with  .strong  muscles.  The  reptiles 
posfte*.s  two  separate  auricles  and  two  imperfectly- separated  venlricles.  The  aorta  and  pulmonary 
•Ttcry  ari«  scjiaratcly  fruin  the  two  latter  chambers.  'The  venous  blvod  of  the  systemic  and  pulmo- 
nary orculaiions  tlows  separately  into  the  right  and  left  auricles,  and  Ihe  two  streams  are  mixed  in 
the  veniricle.  In  some  reptiles,  the  opening  in  the  ventricular  septum  seems  capable  of  being  closed. 
The  crocodile  has  two  quite  scjiaratc  ventricles.  The  lower  vertebrates  have  valves  nt  the  oritices 
of  the  vena:  cavx,  which  are  rudimentary  in  birds  and  some  mammals.  .-Ml  birds  and  mammals 
have  two  completely  separate  auricles  and  two  separate  ventricles.  In  the  halicore,  the  apex  of  the 
veuricles  is  deeply  cleft.  Some  onimaU  have  accessary  hearts,  ^.^.,  the  eel,  in  its  candol  vein.  They 
are,  very  probably,  lymph  hearts  ( A'cdin).  'Ilic  veins  of  the  wing  of  the  bat  pulsate  iSi-AiJ').  The 
lowest  vertebrate,  amphioxus,  has  no  heart,  but  only  a  rhythmically-contracting  vessel. 

Among  blood  glands,  the  thymus  and  spleen  occur  throughout  the  vertehraia,  the  latter  ^>eing 
■fasent  only  in  ampht'>xus  siid  a  few  fishes. 

Among  invertebrata  a  closed  vtiseutar  tystem.  with  pulsatile  movement,  occurs  here  and  there, 
I" ^ ,  among  fihin^di-rmnta  (star  Ikhes,  sea  urchins,  holothurians)  and  the  higher  u<ifrms.  The 
insects  have  a  pulsating  "  dorsai  vessel^*  as  the  cenlral  organ  of  the  circulation,  which  is  s  con- 
tractile tube  provided  with  valves  and  dilated  by  muscular  action,  the  hloo^l  being  propelled  rhylhml- 
Calty  in  one  direction  into  the  stxices  which  lie  among  (he  tissues  and  organs,  so  that  these  animals 
do  DOC  possess  a  closed  vascular  system.  The  molluscs  have  a  heart,  with  a  lacunar  vascular 
^«yslein.  The  cephalopods  icuule  hsh)  have  three  hearts— a  simple  .irterial  heart  (ind  two  venous 
i»pl«  gill  hearts,  each  placed  at  the  base  of  the  gills.     The  vessels  form  a  completely  clo^d  circuit. 
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The  iirwtst  animah  hnve  cilfa«r  a  pulsatile  vesicle,  whkh  propels  the  colorlns  juice  into  the  ti»ue< 

(infusoria),  or  the  vascular  apparaln*  may  be  entirely  ah*cnt. 

105.  HISTORICAL  RETROSPECT.— The  ancients  held  various  Iheories  regarding  the 

movement  of  the  blood,  but  ihey  knew  nothinp;of  its  cirnitatum.  According  to  Aristotle  (3S4  11.  c), 
the  heart,  the  acropolis  of  the  l>oH}-,  prqmrcd  in  its  cavities  the  bloo<l,  which  streamed  through  tlie 
arteries  as  a  nutrient  ftuld  to  all  parts  of  the  body,  hut  never  returned  to  the  heart. 

With  Herophilus  and  Erasistralus  1300  it.c),the  celebrated  physicians  of  the  Alexandriaa  school, 
ori|^nalcd  the  erroneous  view  that  the  arteries  contain  air,  which  was  supplied  to  Ihem  by  the  re^i- 
ration  (hence  the  name  artery).  They  were  led  to  adopt  this  view  from  the  empty  condition  of  the 
arteries  after  death.  By  experimenis  upon  animals,  Galen  disproved  this  view  (131-201  a.d.i — 
"  Whfiitver  1  injured  an  artery/'  he  says, "  blood  always  flowed  from  the  wounded  vessel.  <yn  lying 
pan  of  an  artery  l>etween  two  ligatures,  the  part  of  the  artery  so  included  is  always  filled  with 
blood." 

Siill,  the  idea  of  a  sinijle  tenfrifugal  movement  of  the  blood  was  retained,  and  il  was  aaumed 
that  the  right  and  left  sides  of  the  heart  communicated  directly,  by  means  of  openings  in  the  septum 
of  the  heart,  until  Vesali us  showed  tliat  there  are  no  openings  in  the  septum.  Michael  Servetas 
(the  Spanish  monk,  burned  at  Geneva,  at  Calvin's  instigation,  in  1553)  discovered  the  pulmonary 
drculation.  Ccsalpinus  confirmed  this  observation,  and  named  it  "  Ctrculatio."  Fabricius  ab  Aqaa- 
peudciitc  ( Padua,  1574)  iDvesiigalcd  the  valves  in  the  veins  more  carefully  (although  they  were 
known  in  the  fifth  century  to  Theodoretuii,  Bi«hop  in  Syria),  and  he  was  aciiuaintcd  with  the  <tH- 
triftetal  movement  of  the  blood  in  the  veins.  Up  to  this  time,  it  was  imagined  that  the  veins  carried 
blood  from  the  centre  to  the  periphery,  although  Vesalius  was  acquainted  with  the  centripetal  direc- 
tion  of  the  blood  stream  in  the  large  venous  Ininks.  At  length.  William  Harvey,  who  was  a 
pupil  of  Fabricius  {1604),  demonstrated  the  complete  circulation  (1616-1619),  and  }>ublishcd  his 
great  discovery  in  1628.  [For  the  history  of  the  discovery  of  the  circulation  of  the,  blood,  see  the 
works  of  Willis  on  "W.  Harvey,"  *'Servetas  and  Calvin,"  those  of  Kirchner,  and  the  various 
Harveiaii  orations  ] 

According  to  Hippocrates,  the  heart  ts  the  origin  of  all  the  vessels;  he  wa^  acquainted  with  the 
large  vessels  arising  from  the  heart,  the  valves,  the  chonlv  tendine.T?,  the  auricles,  and  the  closure 
of  the  semilunar  valves.  Aristotle  was  the  first  to  apply  the  terms  aorta  and  vcn.-i:  cavx ;  the  school 
of  Krasislratus  used  the  term  carotid,  a(\d  indicated  the  functions  of  the  venous  valves.  In  Cicero  a 
distinction  is  drawn  between  arteties  and  veins.  Celsus  menrions  that  if  a  vein  be  struck  belo«'  the 
spot  where  a  ligature  has  beeu  applied  to  a  limh.  it  bleeds,  while  Arelaeus  (50  A.  [>.')  knew  that 
arterial  blood  was  bright  flod  venous  dark.  Fliny  {f  79  a.  li.J  described  the  pulsating  foatanelle  id 
the  child.  Galen  (131-203  A.  n.)  was  acf^uainted  with  the  existence  of  a  bone  in  the  septum  of 
the  heart  of  large  animils  (ox,  deer,  elephant).  He  also  sunniscd  that  the  veins  comoiunicoied 
with  the  arteries  hy  tiin.'  tubes.  The  demonstration  of  the  capillaries,  however,  was  only  possible 
by  the  use  of  the  microaeope,  and  employing  this  instrument,  Malpi^hi  (1661)  was  the  first  to 
demon^ratc  the  capillary  circulation.  Lcuwcnhoek  (1G74)  described  the  cipillary  circulation  more 
carefully,  as  it  may  be  seen  in  the  web  of  the  frog*s  fool  and  other  iransparent  membranes.  Illan- 
card  (1676)  proved  the  existence  of  capillary  (lassages  by  means  of  injections.  William  Cooper 
(1697)  proved  that  the  same  condition  cxi^  in  warm-blooded  animals,  and  Ruysch  made  similar 
injections.  Stenson  (bom  1638)  established  the  muscular  nature  of  the  heart,  although  the  Uippo- 
cra'ic  and  Alexandrian  schools  had  already  surmised  the  fact.  Cole  proved  that  the  sectional  area 
i.f  the  blorjd  stream  became  wider  toward  the  capillaries  (^1681].  Joh.  Alfuns  Borelli  (160&-1679) 
Wis  the  first  to  estimate  the  amount  of  wc*rk  done  by  the  heart. 


Physiology  of  Respiration. 


The  object  of  respiration  is  to  supply  the  oxygen  necessary  for  the  oxidation 
processes  that  go  on  in  the  body,  as  well  as  to  remove  the  carbonic  acid  formed 
w-ithin  the  body.  The  most  imporlant  organs  for  this  purpose  are  the  lungs. 
There  isan  outer  and  an  inner  respiration — the  former  embraces  the  exchange 
of  gases  between  the  externa!  air  and  the  blood  gases  of  the  respiratory  organs 
(lungs  and  skin) — the  latter,  the  exchange  of  gases  between  the  blood  in  the  ca- 
pillaries of  the  systemic  circulation  and  the  tissues  of  the  body. 

[The  pulmonary  apparatus  consists  of  (i)  an  immense  number  of  small  sacs — 
the  air  vesicles  filled  with  air,  and  covered  externally  by  a  very  dense  plexus  of 
capillaries;  (3)  air  passages — the  nose,  pharynx,  larynx,  trachea,  and  bronchi 
communicating  with  (i)  ;  (3}  the  thorax  with  its  muscles,  acting  like  a  pair  of 
bellows,  and  moving  the  air  within  the  lungs.] 

106.  STRtJCTURE  OF  THE  AIR  PASSAGES  AND  LUNGS.— The  lungs  are  com- 
pound tubular  (racemose?)  glands,  which  separate  CO,  Trom  the  blood.  Each  lung  is  provided 
with  an  excretory  duct  (bronchus)  which  joins  the  common  respiratory  passage  of  \ka\i  luogs — the 
imchcA. 

Trachea. — The  trachea  and  extra- pulmonary  hronchi  arc  similar  in  stnicturc.  The  baus  of  the 
Iraclxa  consists  of  a  number  (16-20)  of  C-»li^ped,  incomplete  cartilaginous  hoops  placed  u»er  each 
ocher.  These  rings  cudhu  of  hyaline  cartilage,  and  are  united  (o  each  other  by  means  of  tough, 
Abfoiu  tiuuc  containing  much  clastic  (iKue,  the  latter  being  arranged  chiefly  in  a  longitudinal  direc- 
tion. The  function  of  the  cartilages  is  to  keep  the  tube  open  under  varyine  conditions  of  pres 
sure.  I'ieces  of  cartilage  having  a  similar  function  occur  in  the  bronchi  and  ihcir  branches,  hut 
they  are  absent  from  ihe  bronchiole^,  which  are  less  than  I  mm.  in  diameter.  In  the  lonallcr  bronchi 
ibe  cartilages  are  fewer  and  scattered  more  irregularly.  [In  a  transverse  section  of  a  large  intra- 
pulmonary  bronchus,  two,  three,  or  more  pieces  of  cartilage,  each  invested  by  it>(  perichondrium, 
may  l>c  found.]  At  ihc  points  where  the  bronchi  subdivide,  the  cartilages  assume  the  form  of  ir- 
regular plates  embedded  in  the  bronchial  wall. 

An  fxlermil  fihrnui  hiyer  of  connective  tissue  and  clastic  fibres  coven  the  trachea  and  the  extra- 
pulmonary bronchi  externally.  Toward  the  oesophagus,  the  elastic  elements  arc  more  numerous. 
and  there  arc  also  a  few  bundles  of  plain  muscular  fibres  arranged  longitudinally.  Within  this  layer 
there  arc  bundles  of  «t»«-f/r?)Viy  jwwjrWrtr  ^Ar^r  which  pass  iransversely  l>clween  the  cartilages 
behind,  and  alMJ  in  the  iniervalK  lietwecn  the  cinilages.  [These  pale  reddish  fibres  constitute  the 
trachealis  muscle,  and  are  attached  to  the  inner  surfaces  of  the  cartilages  by  me:an.s  of  elastic 
teodoas  at  a  little  distance  from  their  free  ends  {Munniks,  1697).  The  arrangement  varies  in  dif- 
rerent  animals— thus,  in  ilie  cat,  dog,  rabbit,  and  rat  the  muscular  fibres  are  attached  to  the  external 
surfaces  of  the  cartilages,  while  in  the  pig,  &hcep,  and  ox  they  are  attached  to  their  t'/t/erna/  sar- 
faces  (5fi>/#«f).]  Some  muscular  fibres  arc  arranged  longitudinally  cxlenial  to  the  trauiverse  fibres 
(/Tramrr).  The  function  of  these  muscular  Hbres  is  to  prevent  too  great  distention  when  there  is 
great  pre^^urc  within  the  air  passages. 

The  mucous  membrane  consists  of  a  basis  of  very  fine  coDoective  tissue,  containing  much 
adenoid  ti»ue  with  numerous  lymph  corpuscles.  It  also  contains  nutnerous  elastic  fibres,  arranged 
chiedy  in  a  longitudinal  direction  under  the  hascmcnt  membrane.  Tliey  are  also  abundant  in  the 
deep  layers  of  the  posterior  part  of  the  membrane  oppo-tte  the  intervals  between  the  cartilages.  A 
nuiU  quantity  of  loose  submucous  connective  tissue  containing  the  lai^e  blood  veaseU,  glands  and 
lymphatics  unites  the  mucous  membrane  to  the  perichondrium  of  the  cartilages.  The  epithelium 
consists  of  a  Lsyer  of  columnar  ciliaie<l  cells  with  several  layers  of  immature  cells  under  them. 
[The  superficial  layer  of  cells  is  columnar  and  ciliated  (Fig.  135.  A],  while  those  tying  under  them 
prcttbl  a  Torieiy  of  forms,  and  below  nil  is  a  layer  of  somewhat  flattened  squames,  c,  resting  on  the 
t«scment  membrane,  </.  These  squames  constitute  a  layer  (|uite  distinct  from  the  basement  mem- 
hraoe.  and  they  form  llie  layer  descril>cd  tt.s  D<^bove*s  membrane.  They  are  active  gemiinating 
cells,  and  play  a  most  important  part  in  connection  with  the  regeneration  of  the  cpitlielium,  after 
the  supcriicial  layers  have  been  shed,  in  such  conditions  as  bronchitis  [v.  DrascA,  itamiltoH).    Not 
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unfrequently  a  little  viscid  mucus  {a)  lies  on  the  free  ends  of  the  dlia.  Id  the  intermediate  \»jvt, 
the  cells  are  more  or  less  pyrifomn  or  baillcdore-sha[>ed  {Hamilion),  with  their  long,  tapering  pro- 
cess inserted  among  the  deepe>tt  layer  of  sqiiamcs.  Accnrdin(;  1o  Drasch.  this  long  process  is 
attached  to  one  uf  these  cells  and  is  an  outgrowth  ftom  it,  the  whole  constiiutinf;  a  "  foot  cell."] 

Underneath  the  epithelial  is  the  homogeneous  basement  membrane,  through  which  fine  canaU 
pa^s,  CDuncctin)^  the  cement  of  ihe  epithelium  with  spaces  in  the  mucosa.  [This  mcniliranc  is  welt 
Miarked  in  the  human  trachea,  where  it  plays  an  im|xjnnnt  part  in  many  jntlhologlcal  contlitiom, 
r.  /.,  bronchitis.  It  is  staine<!  bright  red  with  picrocarmine.l  The  cilia  act  so  as  to  carr>*  any  secre- 
tion toward  the  larynx.  Goblel  cells  exi!>l  between  the  ciliated  columnar  cells.  Numerous  small 
Compound  tubular  mucous  glands  occur  in  the  mucous  membrane,  cluetly  between  the  ca^niJages. 
Their  duct^  open  on  the  surface  by  mcaiu  of  a  slightly  funnel-shaped  aperture  into  which  the 
ciliated  epithelium  is  proloiigcd  for  a  short  distance.  [The  acini  uf  some  of  these  glan<U  lie  oat' 
side  the  trachcalis  muscle.  The  acini  are  lined  by  cuoical  or  columnar  secretory  cpitheliuni.  In 
some  animals  (dog)  these  cells  are  clear,  and  present  the  usual  characters  of  a  mucus-sccrcting 
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gisnil ;  in  man,  some  of  the  cells  may  be  clear,  and  others  "  granular,"  but  the  aiipcarance  of  Ihe 
cells  depends  upon  the  phy$iulo};tcal  state  of  activity.]  These  elands  secrete  (he  mucus,  which 
entangles  particles  ini^pired  with  the  air,  oiid  is  earned  toward  the  larynx  by  ciliary  action. 
[Numerous  lymphatics  exist  in  the  mucous  and  submucous  coal,  and  not  unfrequently  smalt  agyre- 
golions  of  adenoid  tissue  occur  (especially  in  the  cat)  in  the  mucous  cnat,  usually  around  the  duds 
of  the  glands.  Tliey  are  ctjmparable  to  the  solitary  follicles  of  the  alimentary  tract.]  The  blood 
vessels  arc  not  so  numerous  as  in  some  other  mucous  membranes.  [A  plexus  nf  nerves  cotiiain- 
taining  numerous  ganglionic  cells  at  the  nodes  exist  on  the  pnstcrior  surface  of  the  trachealis  muscle. 
Tbc  fibres  are  derived  from  the  vagus,  recurtent  laryngeal  aud  sympathetic  (C  ^ranifttAauser,  ft'. 

Ji/ir/i'n^,  A.'it»t/ar/tii).'\ 

[The  mucous  membrane  of  the  trachea  and  extra -pulmonary  bronchi,  therefore, 
of  ibc  following  layers  from  within  rKJiward  : — 
(I)  Stratified  columnar  ciliated  epithelium. 
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(2)  A  layer  of  flattened  cells  (Dibove's  membrane). 

(3)  A  clear  homogeneous  hascmeni  membrane. 

(4)  A  basis  of  areolar  tissue,  with  adcaoid  (issue  ami  blood  veucU,  and  oulsiidc  lhi&  a  layer 

of  lonfjitudinal  elastic  fibres. 

OtttAide  this,  again,  is  the  submucous  coat,  coniisting  of  loose  areolar  tissue,  with  the  larger 
vcsscU.  lympliatics,  nerves  and  mucous  ginnds.] 

[Tlie  Bronchi.— In  structure  the  extra-pulmonary  bronchi  resemble  the  trachea.  As  Ihey 
pi^k  into  the  lung  they  divide  very  frequently,  and  the  branches  do  not  anastorooic.  In  the  intra- 
pulmonary  bronchi  the  uibdivisioos  become  t'lner  uud  finer,  the  6ne!A  brancheii  )>etnf:  called 
termina]  bronchi,  or  bronchioles,  which  open  separately  into  cluMers  of  air  vesicle.<t.] 

[Eparterial  and  Hyparterial  Bronchi. — As  the  bronchi  proceed,  one  main  tronk  passe*  into 
ihc  lung,  running  towarit  its  base,  and  from  it  are  ijivcn  nif  branches  dorsally  and  venrrally,  and 
these  branches  again  suttdtvidc.  Aet>y  ha%  ^hown  that  the  relation  of  the  branches  to  the  pul- 
monary aner>-  is  most  important.  In  man  one  main  branch  cnmcn  off  from  the  ri(;ht  bruitchus  and 
proceeds  to  the  upper  rtjint  lobe,  aime  the  place  where  the  pulmonary  artery  Crosses  the  bronchus. 
Such  branches  are  callcH  eparieria!^  anil  ihey  are  mure  numerous  in  birds.  In  man,  all  the  branches, 
both  on  the  right  and  left  side,  come  off  below  the  point  where  the  pulmonary  artery  cm&scs  the 
bronchus,  and  arc  called  hyparterial  bronchi  (C  Ahty).'\ 

[In  the  middlc'si2cd  Intra -pulmoiury  bronchi,  the  usual  characters  of  the  mucous  membrane 
arc  retained,  only  it  is  thinner;  ihc  canilages  assume  the  form  uf  irregular  plates  utualed  in  ihe 
outer  wall  of  the  l>ronchus:  while  the  inincuiar  fibres  are  disfwsed  in  a  complete  circle,  constituting 
the  bronchial  muscle  (Fig.  125,/).  When  this  muscle  is  contracted,  or  when  the  bronchus  as  a 
whole  is  contracted,  the  mucous  membrane  is  thrown  into  longitudinal  folds,  and  up|M>site  these 
'Xolds  Ihe  elastic  t'ibres  form  hrge  elevations.  This  muscle  is  paniculnrly  well  developed  in  the 
■Duller  microscopic  bronchi.  Numerous  elastic  fibres.  ^,  disposed  longitudinally,  exist  under  the 
basement  membrane,  d.  They  are  cuntinnous  n-ith  those  of  the  trachea,  and  aic  prolonged 
onward  into  the  lung.  The  mucous  membrane  of  the  larger  intra  pulmonary  bronchi  consists 
of  the  following  layers  from  within  outward  : — 

( r)  Stratified  columnar  ciliated  epithelium  (Fig.  125,  b). 
IVbovc's  membrane  (Fig,  125.  (). 

Transparent  homogeneous  basement  membrane  (Fig.  125,0'). 
Areolar  tissue  with  longitudinal  elastic  fibres  (Fig.  125,  e). 
A  continuous  layer  of  non-striped  muscular  fibres  disposed   circularly  {trpnchidl  mujtle-~ 

Fig.  125./)- 

Outside  this  is  the  submucous  coal,  consisting  of  areolar  tissue  mixed  with  much  adenoid  tissue 
(Fig.  115.^).  sometimci  arranged  In  the  fonn  of  cords,  the  lymph  follicular  coni*  of  Klein.  It 
also  contains  the  acini  of  the  numerous  mucous  glanda,  blood  veuels  and  lymphatics.  The  dncts 
of  the  glands  perforate  the  muscular  Layer,  and  u[M:n  on  the  free  surface  of  the  mucous  mcmbronc. 
The  sut>mucout  coar  is  connected  by  areolar  ti<;site  with  the  perichondriam  ufthc  cartilages.  Out- 
side the  cartilages  are  the  nerves  anil  nerve  ganglia  accompanying  the  bronchial  ves^sels.  The 
branclies  of  the  pulmonary  artery  and  of  the  pulmonary  vein  ui<ualfy  lie  on  opposite  udes  of  the 
bronchus,  while  there  are  several  branches  of  the  bronchial  arteries  and  veins.  Fat  cells  also 
occur  in  the  peri. bronchial  tissue.] 

In  the  small  bronchi  the  cartilages  and  glands  di<:ap]>ear,  but  the  circular  muscular  fibres  are 
m'eW  develo|tCi!.     They  are  line<l  by  lower  column.ir  ciliated  epithelium,  containing  goMrt  cells. 

Bronchioles.— After  repeated  Bubdivision,  the  bronchi  form  the  "  tmalleit  bromki  "  |  about  0.5 
10  t  mm.)  or  Ubuiixr  bronehxat  tnhet.  Each  tube  is  lined  by  a  layer  of  cilated  epithelium,  but  the 
glands  and  cartilages  have  disappeared.  These  lulics  have  a  few  lateral  alveoli  or  air  cells  com- 
Biunicating  with  them.  Each  smallest  bronchus  ends  in  a  "  respiratorj-  bronchiole"  iK^Uiker), 
which  gradually  t>ecome8  beset  with  more  air  cells,  and  in  which  s<|uamous  ei»lheltum  begins  to 
apj^K-ar  between  the  citialet^l  epiOicHal  cell*.  [Kach  bronchiole  opens  into  several  vi\Avx  atveoiar 
or  lobular  passages.  Each  passage  is  compfetcly  Mirrounded  with  air  cells,  and  from  it  arc  given 
off  Kveral  similar  but  wider  blind  branches,  the  infandibula,  which,  in  thtir  turn,  are  beset  on  all 
sides  with  ff/rfr/f"  or  (?/V  ff//j.  Several  mfundibula  arc  connected  with  each  bronchiole,  and  the 
former  arc  wider  than  the  latter.  Each  bronchiole,  with  its  alveolar  p.t8sages,  infundibula,  and  air 
▼csiclcs,  is  teiuied  a  lobule,  whose  base  is  directed  outward,  and  whose  npex  may  be  regarded  as  a 
lal  bronchus.  The  lung  is  made  up  of  an  immense  number  of  the^e  loljules,  se[^iaraied  from 
other  by  septa  of  connective  tissue,  the  interlobular  septa  (Fig.  128,  ^)  which  are  continunus 
uelSic  one  hand  with  the  sub-pleural  connective  tissue,  and  on  the  other  with  the  pcri-broncliial  con- 
ocaive  tissue. J 

[It  is  evident  that  there  is  an  alteration  in  the  structure  of  the  bronchi,  as  we  proceed  from  the 
larger  to  the  smaller  tubes.  Tlie  cartilages  and  glands  arc  the  first  structures  to  disappear.  The 
circular  bronchial  muscle  is  well  developed  in  the  smaller  bronchi  and  bronchioles,  and  exists  as  a 
eoniinuous  thin  layer  over  the  alveolar  passages,  but  it  is  not  continued  over  and  lictwccn  the  air 
cells.  Elastic  fibres,  continuous,  on  the  one  hand,  with  those  in  the  smaller  bronchi,  and  on  the 
other  with  those  in  the  walU  of  the  air  cells,  lie  outMde  the  muscular  fibres  in  the  bronchioles  and 
iofaodibula.    \\\  the  ret^iratory  bronchioles,  the  ciliated  epithelium  is  reduced  to  a  single  layer,  and 
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is  mixed  with  Ihe  straiilie<l  form  of  epithelium,  while  where  the  aWeolcir  ptusaiies  open  into  the  air 
cells  or  niveoli,  the  epithelium  is  non-ciliated,  low,  and  pulyhedrft].] 

Alveoli  or  Air  Cells. — The  form  t>f  the  air  cells,  which  are  250  ft  (-^  inch)  in  diameter,  may 
be  more  or  less  spherical,  ptjiygonal,  or  cup-ihapeil.  They  are  disposed  around  and  in  cnmmunica- 
tion  with  the  alveolar  passages.  Their  form  is  determined  by  the  exisicnce  of  a  nearly  structure' 
leas  membrane,  composed  of  slightly  tlbrillated  connective  tiwue  containing  a  few  corpuscle*.  This 
is  surmnntted  by  numerous  line  elastic  filffes,  which  give  to  the  pulmonary  parenchrma  iu  well- 
marked  elastic  characters  (Fig.  127,  t\  e).  These  fibres  often  bifurcate,  and  are  arranged  with  ref- 
erence to  the  alveolar  wall.  They  are  very  resistant,  and  in  some  cases  of  lung  di^rasc  may  be 
recognized  in  the  sputum.  A  few  nou-stripcd  muscular  fibres  exist  in  the  delicate  connective  tissue 
between  adjoining  air  vesicles  {A/oigukiyti).  These  muscular  fibres  sometimes  become  grcMly 
developed  in  certain  diseases  {ArttoU,  IV.  Sitr/i$n').  The  air  cells  are  Imcilby  two  kinds  of  eelb — 
(t)  large,  transpareni,  clear  polygonal  (nucleated?)  squames  or  placoids  (22-45  Z^)  lying  oirer 
and  Iwtwecn  the  capillaries  in  the  alveolar  wall  (Fig.  126,0);  (2)  small,  irregular,  •*  granular." 
nucleated  cells  (7-15  ■''■)  arranged  singly  or  in  groups  (two  or  lhree\  in  ihe  interstices  between  the 
capillaries.  Tbcy  are  well  seen  in  a  cat's  lung  {Fig.  126,,/).  [When  acted  on  with  nitrate  of 
silver  the  cement  substance  bounding  the  clear  cells  is  stained,  but  ihe  small  cells  become  of  a  uiii- 
form  brown,  granular  appearance,  so  that  ihey  are  readily  recognized.     Small  holes  or  "  pseudo- 
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Air  vnlcW  from  n  Vttirn  whiwe  lun»  were  inJectrKi  with  illver  blini*  (X  4V)-  *■  otiltinet  of  fnfiy  dgy*lfty«1 
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n(  j-niing  vpilhvli;d  celU  gertuinutinK. 

stomata "  seem  to  exist  in  the  cement  substance,  and  are  most  obvious  in  distended  alveoli 
(A7cm).  They  open  into  the  lymph  canalicular  system  of  the  alveolar  wall  {A7nn\,  md  iKroogh 
ihem  the  lymph  corpuscles,  which  arc  always  to  be  found  on  the  surface  of  the  air  vesicles,  migrate, 
and  carry  with  them  into  the  lymphatics  particles  of  carbon  derived  from  the  air.]  In  the  alveolar 
walls  is  a  very  dense  plexus  of  fine  capillaries  (Fig,  127,  r).  which  tie  more  toward  the  cavit)*  of 
the  air  vesicle  {J^aitiey),  being  covered  only  Ijy  the  epithelial  lining  of  the  air  cells,  llctwecn  two 
adjacent  alveoli  there  is  only  a  single  layer  of  capillaries  (man),  and  on  Ihe  boundary  line  between 
two  air  cells  the  course  of  the  capillaries  is  twisted,  thus  projecting  sometimes  into  the  one  alveolus, 
sometimes  into  the  other. 

[The  number  of  Alveoli  is  stated  to  be  about  725  millions,  a  result  obtained  by  rocasuKng  Ihe 
size  of  the  air  vesicles  and  ascertaining  the  amount  of  air  in  the  lung  after  an  ordinary  inspiration, 
and  determining  how  much  of  this  air  is  in  the  air  vesicles  an<l  bronchi  respectively.  The  supcrAdal 
area  of  the  air  vesic'es  is  about  90  square  metres,  or  100  times  greater  than  the  surface  of  the  body 
(.8  to  .9  sq.  metre)  [A*w/hM*t/).1 

The  Blood  vessels  of  the  lung  belong  to  two  different  systems:  (A^  Pulmonary  vessels 
(lesser  circulation).  The  branches  nf  the  pulmonary  artery  accompany  Ihe  bronchi  and  are  closely 
applied  to  them.  [As  they  proceed  they  branch,  but  the  branches  do  not  anastomoK,  and  ultimately 
they  terminate  in  small  arterioles  which  supply  several  adjacent  alveoli,  each  arteriole  ipliiting  np 
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into  ctHulUritrs  for  in-fra/ i'lr  celU  (Fig.  127,  v,  c).  An  efferent  vein  usually  arises  at  tl>c  opposite 
side  of  the  air  cell*  and  carries  away  the  (mrihcd  blood  from  the  capillaries.  In  their  course  these 
veins  uoile  lo  fann  \he  fiu/mtmiiry  X'eins,  which  are  joincij  in  their  course  by  a  few  small  bronchial 
veins  {ZtictfrkanM).  The  veins  usually  onastomoiM:  in  ihe  earlier  pari  of  their  course,  while  the 
oarre^ndtng  arteries  do  not.]  Although  the  capillary  plexus  is  very  fine  and  dense,  its  sectional 
area  ts  less  than  the  sectional  area  of  the  systemic  capillaries,  so  that  the  blood  stream  in  the  pulmo* 
nary  copilUries  must  be  mare  rapid  than  that  in  the  capillaries  of  the  body  ^;encrally.  The  pulmo- 
nary veins,  unlike  veins  generally,  arc  collectively  narrower  than  the  pulmonary  artery  (water  U 
tliven  off  in  the  lung),  and  they  have  no  valves.  [The  pulmonary  artery  contams  venous  blood, 
and  the  pulmonary  veins  pure  or  arterial  blood.] 

(B)  The  bronchial  vessels  represent  the  nutrient  system  of  the  lungs.  They  ( 1-3)  atise  from 
Ihe  aorta  (or  inlcrcuMal  arteries]  and  accom|>any  the  bronchi  without  anajttomasing  with  the  branches 
of  the  pulmonary  artery.  In  their  course  they  give  branches  to  the  lymphatic  glands  at  the  hilum 
uf  the  lung,  tu  ibc  walls  of  the  large  blond  vessels  (vasa  vasorum),  the  pulmonary  pleura,  the 
broocbial  walls,  and  the  inlerlobtilar  septa.  The  blood  which  Issues  from  tbdr  ca^Jtllahes  is  returned 
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—purify  by  the  pulmonary  veins — hence,  any  considerable  interference  with  the  pulmonary  circula- 
lioa  causes  congestion  of  the  bronchial  mucous  membrane,  resulting  in  a  catarrhal  condition  of  that 
membrane.  The  greater  part  of  the  blood  is  returned  by  the  hr,mthia!  rrint  which  open  into  the 
vena  arygos,  intercoMal  vela,  or  superior  vena  cava.  The  veins  of  the  smaller  bronchi  (fourth  order 
cjuward)  t^icn  into  the  pulmonary  veins,  and  the  anterior  bronchia]  also  communicate  with  the  put- 
(uonary  veins  {Zufkeriami/), 

[The  PIcurm. — Each  pleural  cavity  U  distinct,  and  is  a  large  serous  sac,  which  really  belongs  to 
the  lymphatic  system  of  the  lung.  The  pleura  consists  of  two  layers,  visceral  and  parietal.  The 
vt»cerat  pleura  covers  the  lung ;  the  parietal  portion  lines  the  wall  of  the  chest,  and  the  two  layers 
of  the  corresponding  pleura  are  continuous  with  one  another  at  the  root  of  the  lung.  I'he  visceral 
pleura  is  the  thicker,  and  may  readily  be  svparatcil  from  the  inner  surface  of  the  chest.  Structurally, 
the  pleura  resembles  a  serous  membrane,  and  consists  of  a  thin  layer  of  fibrous  tissue  covered  by  a 
Lsyrr  of  endothelium.  Under  this  layer,  or  the  pleura  proper,  is  a  •/«/  or  mh-serom  layer  of  looser 
areolar  tissue,  containing  many  clastic  fibres.  The  layer  of  the  pleura  pulmonalisof  some  animals, 
as  ibe  guinea  pig,  contairu  a  network  of  non-ctriped  muscular  6bres  (ATr/i),     Over  the  lung  it  is 
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alio  continuous  with  the  interlobular  sepia.  Tlie  interlobular  septa  (Fig.  laS,  f)  consist  of  baii'b 
of  BbtYius  tissue  sejjaratin^  adjoining  Inbules,  and  they  becnmc  cnntinuou*  with  the  peri-limmchiai 
connective  tissue  entering  the  lung  at  its  hilum.  Ilius  the  fibrous  framework  of  the  lung  is  continu- 
ous throughout  the  lung,  just  as  in  other  organs.  The  connection  of  the  sub-pleuml  fibrous  tissue 
with  the  connective  ti&^ne  within  the  substance  of  the  lung,  has  moM  important  pathological  tcAtingt 
The  interlobular  septa  contain  lymphatics  and  blood  vessels.  The  endolhclium  coveriitg  the  parietal 
layer  is  of  the  ordinary  squamous  tyf*,  but  on  the  pleura  pulmonalis  the  cells  are  lea  flauenetf. 
more  polyhedral,  and  granular.  They  must  necessarily  vary  in  ^hajie  with  changes  in  the  volume 
of  the  lung,  so  that  ihey  are  mure  flattened  when  the  lung  is  distended,  ai  during  inspir.it imp  {A'/fint 
The  pleura  conlams  many  lymphaitca,  which  coiuiuunicale  by  means  of  sioroala  wuh  the  pleural 
cavity.  ] 

[The  Lymphatics  of  the  lung  are  numerous  and  are  arranged  in  sicveral  systems.  The  various 
air  cells  are  coimeclcd  with  each  other  by  very  delicate  connective  tissue,  and  according  to  J.  Ar 
nold  in  some  parts  thu  inter«Ultal  tissue  presents  characters  like  those  of  adenoid  tissue  ;  so  that  the 
lung  is  traversed  by  a  system  of  juice  canals  or  "  Saft-canSlchen."]     [In  the  deep  layer  of  tbe 
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pleura,  there  is  |«)  subpleural  plexus  nf  lymphatics  partly  derived  from  the  pleura,  bm  chiefly 
fiom  the  lymph-canalicular  system  of  the  pleural  alveoli.  Some  of  these  branches  proceed  to  the 
bronchial  glands,  but  others  pass  iniothei  nterlobnlar  septa,  where  they  join  i/')  the  perivasctilar 
lymph.ilics  which  arise  in  the  lymphcanalicuiar  system  tif  the  alveoli.  These  trunks,  |>rovided 
with  valves,  run  alongside  the  pulmonary  artery  and  vein,  and  in  their  course  they  fonu  frequent 
anastomrtses.  Special  vcs-sels  arise  within  the  walls  of  the  bronchi  and  occur  chiefly  in  the  outer 
coat  of  the  latter,  constituting  (r)  the  peri -bronchial  lymphatics,  which  anastomose  with  I,  The 
branches  of  these  two  sets  run  toward  the  bronchial  glands.  Not  unTrcquently  (cat)  masses  of 
adenoid  tissue  are  found  in  the  course  of  these  lymphatics  (ATrm).]  The  lymph-canalicular  Bystcm 
and  (he  lymphatics  become  injected  when  fine  colored  panicles  are  inspirca,  or  arc  intro<iuced  into 
the  air  cells  artificinlly.  The  pigment  particles  pass  through  the  semi-fluid  cement  substance  into 
the  lymph-cnnalirular  system  and  ihence  into  the  lymphatics  (v.  Wittick)  \  or,  according  to  ATrtn. 
Ihey  pass  ihruugh  actual  holes  or  |H>res  in  the  cement  (p.  l8&).]  [This  pigmentation  is  well  seeo 
in  coal  miner's  lung  or  anthracosis,  where  the  particles  of  carbon  pass  into  and  arc  found  in  the 
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l^mphfttic^.  Sikorski  anJ  KdUner  showed  that  pigment  reached  the  lymphatics  this  wny  durini; 
lilc.  If  pigment,  Chiiu  ink,  or  indigo  carmine  be  imroduced  into  a  frog**  lung,  it  i*  found  in  the 
lym|>halic  system  of  the  lung.  Ruppcit,  end  also  Schoticlius,  showed  that  the  same  resuh  occuneil 
ID  dogs  after  the  inhalation  of  charcoal,  cinnahAr,  or  precipitated  Berlin  blue,  auU  von  ln»  after  the 
itkhftlation  of  sihca.  A.  Scheslopal  used  China  ink  and  cinnabar  suspended  in  i^  per  cent.  9>alt 
vilut'iun.]  Exceuively  line  lymph  canals  lie  in  the  wall  of  the  alveoli  in  the  interspaces  of  the 
capillahes,  and  there  arc  slight  dilatations  at  the  points  of  crossing  (IVydvKno^ \.  According  to 
Pieiret  and  Kenaui  every  air  cell  of  the  lung  of  the  ox  is  surrounded  by  a  Urge  lymph  space,  such 
MS  occurs  in  the  salivary  gbnds.  \Micn  a  large  quantity  of  fluid  is  injected  into  the  lung  it  U 
absorbcri  with  great  rapidity;  even  blood  corpuscles  rapidly  pass  into  the  lymphatics.  [Nothnagel 
found  that,  if  blood  was  sucked  in  the  lung  of  a  rabbit,  the  blood  corpuscles  were  founcT  within  the 
iniersiitial  connective  tissue  of  the  luug  after  3|i  to  5  minutes,  from  which  he  concludes  that  the 
communiCAtiuns  between  the  cavity  of  the  air  cells  and  the  lymphatics  must  be  very  uutneruus.] 

The  luperficial  l)-mphahc3  of  the  pulmunary  pleura  communicate  with  the  pleural  canly  by 
fneADS  of  tree  openings  or  stomata  (A7rm),  ami  the  same  is  true  of  the  lymphatics  of  the  parietal 
pleura,  but  these  stnmata  are  confined  to  limited  areas  over  the  diaphragmatic  pleura.  [The  Ivmph- 
atio  in  the  coital  pleura  occur  over  the  intercostal  spaces  and  nut  over  the  ribs  {D}'bto:i'iki).\  The 
Urge  vieries  of  the  tung  are  provided  with  lymphatics  which  lie  between  the  middle  and  outer 
coAls  [Grattfker).  [The  movements  of  the  lung  during  respiration  are  most  imponani  factors  in 
moving  the  lymph  unward  m  tlie  pulmonary  lymphatics.  The  return  of  the  lyropb  is  prevented  by 
the  presence  of  valves.] 

[The  Nerves  of  tlic  lung  are  derived  from  the  anterior  and  posterior  pulmonary  plexuses,  and 
ODOsist  of  branchcii  frum  ibc  vagus  and  sympathetic.  They  cuter  the  lungs  and  folluw  the  distribu- 
tion of  the  bronchi,  several  sections  of  nctve  trunks  being  usually  found  iji  a  transvenie  section  of  a 
lar)re  bronchial  tube.  These  nerves  lie  outside  the  cartilages,  and  are  in  close  relaiton  with  the 
brandies  uf  the  brunchial  arteries.  Medulbtcd  and  non  mcdutlated  netvc  fibres  occur  in  the  nerves, 
^^  hich  also  contain  numerous  small  ganglia  (AVw<i.f,  ATt/m,  ^Z/V/m^').  In  the  lung  of  the  calf 
these  ganglia  are  so  large  as  to  be  microscopic.  The  exact  mode  of  termination  of  the  nerve  6bres 
wiihia  the  lung  has  yet  to  be  ascertained  in  mammals,  but  some  fibres  pass  to  the  bronchial  muscle, 
others  to  the  large  t)lood  vessels  of  the  lun^.  and  it  is  highly  probable  that  the  mucous  glands  are 
also  supplied  with  nerve  Itlamcnts.  In  tnc  comparatively  simple  lungs  of  the  fn^.  nerves  with 
nameious  ucrve  cells  iu  their  course  arc  found  {.•irnohi,  Sfir/iriir],  and  in  the  very  simple  lung  of 
the  Dcwi,  there  are  also  numerous  ner\c  cells  dis|)osed  along  the  course  of  the  intra-pulmonary 
nerves.  >ome  of  these  hbres  terminate  in  the  unil'yrm  layer  of  non-siriped  muscle  which  forms 
|iart  of  the  pulmunary  wall  in  the  frug  and  newt,  and  others  end  in  the  muscular  coat  of  the  pal- 
mODary  IjU-od  vessels  [S/ir/in^].  The  (unctions  of  lhc«  ganglia  are  unknown,  but  they  may  be 
ccHnpared  tu  the  nerve  plexuses  existiiig  in  the  walls  of  the  digestive  tract.] 

The  Function  of  the  Non-striped  Muscle  of  the  entire  bronchial  system 
.seems  to  be  to  uHer  a  stjfficient  amount  of  resistance  to  increased  pressure  within  the 
air  ]>assages  ;  as  in  forced  expiration,  speaking,  singing,  blowing,  etc.  The  vagus 
IS  the  motor  nerve  for  these  fibres,  and  according  to  Longet  (1843),  the  'Mung- 
ionu.s*'  during  increased  tension  depends  upon  these  mu-sclesi.  It  is  not  proved 
to  what  extent  bronchial  (spasmodic]  asthma  depends  upon  contraction  of  these 
nttiscular  fibres  due  to  stitnulaiion  of  the  vagus. 

[RfTect  of  Nerves. — Uy  connecting  the  interior  of  a  small  bronchus  with  an  oacogroph  fj  103) 
in  the  case  of  curanzed  dogs  (the  thorax  being  opened),  Graham  Bmwn  and  Roy  found  that  sec- 
tion uf  one  vagus  cause*  a  marked  expansion  of  the  bronchi  of  the  corresponding  lung,  while 
stiinulatton  of  the  peripheral  end  ol  a  divided  vagus  causes  a  powerful  coniraaion  of  the  bronchi 
of  dv(M  tunfa.  Sumutation  of  the  central  end  of  one  vagus,  the  other  being  intact,  also  causes  a 
Cunlractioti  (feebler^  under  the  same  circuniManccs.  Especially  in  etherized  dogs,  expansion  and 
n«  contraction  results,  [f  Ix«h  vagi  be  divided,  no  effect  is  produced  by  stimulation  of  the  central 
end  of  either  vagus.  It  seems  plam  that  the  vagi  contain  centripetal  or  afl«:rent  fibres,  which  can 
Cause  butti  expansion  ami  contraction  of  the  iironchi.  .'\<>pl)yxia  causes  contraction  provided  the 
vagi  ore  miaci,  bnt  none  if  tfccy  are  divided,  although  in  etherized  dogs  expansion  frequently  occur?, 
while  stimutalion  of  the  central  end  uf  other  sensory  nerves  has  vcrj'  rarely  any,  or  if  any,  but  a. 
•light  effect  on  the  calibre  of  the  bronchi,  so  that  in  the  dog,  the  only  connection  between  lue  cere- 
tiru-sptnol  centres  and  the  bronchi  is  through  the  vagi  J. 

Chemistry. — In  addition  to  connective,  clastic,  andf  muscular  tissue,  the  longs  contain  lecithin, 

ino«iT,  uric  acid  (taurin  and  leucin  in  the  ox),  guanin,  xanthln  (?),  hypoxanlhin  fdog)  —soda,  pot- 

■.Slum,  oxide  of  iron,  much  phosphoric  acid,  also  chlorine,  sulphuric  and  sihcic  acids— in 

,:ar  occurs — in  purulent  infillrution  glvco^^cn  and  sugar — in  renal  degeneration  urea,  oxalic 

II.. Li,  !■:..   ixnmonia  ^alts;  snd  in  diseases  nhcre  decomposition  takes  place,  leucin  and  tryosm. 

^Physical  Properties  of  the  Lungs. — The  lungs,  in  virtue  of  the  large 
arooant  of  elastic  tissue  which  they  contam,  are  endowed  with  great  elasticity, 
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SO  that  when  the  chest  is  opened  they  collapse.  If  a  cannula  with  a  small  lat< 
opening  be  tied  into  the  trachea  of  a  rabbit's  or  sheep's  lungs,  the  lungs  may  be 
inflated  with  a  pair  of  belloMrs  or  elastic  pump.  After  the  artificial  inflation,  the 
lungs,  owing  to  their  elasticity,  collapse  and  expel  the  greater  part  of  the  air.  As 
much  air  remains  within  the  light  spongy  tissue  of  the  lungs,  even  after  they  are 
removed  from  the  body,  a  healthy  lung  floats  in  water.  If  the  air  cells  arc  filled 
with  pathological  fluids  or  blood,  as  in  certain  diseased  conditions  of  the  lung 
(pneumonia),  then  the  lungs,  or  parts  thereof,  may  sink  in  water.  The  lungs  of 
the  foetus,  before  respiration  has  taken  place,  sink  in  water,  but  afker  respiration 
has  been  thoroughly  established  in  the  child,  the  lungs  float.  Hence,  this  hy- 
drostatic test  is  largely  used,  in  medico-legal  cases,  as  a  test  of  the  child  having 
breathed.  If  a  healthy  lung  be  squeezed  between  the  fingers,  it  emits  a  peculiar 
and  characteristic  fine,  crackling  sound,  owing  to  the  air  within  the  air  cells.  A 
similar  sound  is  heard  on  cutting  the  vesicular  tissue  of  the  lung.  The  color  of 
the  lungs  varies  much ;  in  a  young  child  it  is  rose-pink,  but  afterward  it  becomes 
darker,  especially  in  persons  living  in  towns  or  a  smoky  atmosphere,  owing  to  the 
deposition  of  granules  of  carbon.  In  coal  miners  the  lungs  may  become  quite 
black.] 

[Excision  of  the  Lung. — Doe*  recover  after  the  excision  of  one  entire  lung,  and  they  even 
survive  the  removal  of  pirtions  of  lung  infcctefl  with  (uberclc  {/iufntH}.] 

107.  MECHANISM  OF  RESPIRATION.— The  mechanism  of  respi- 

ration  consists  in  an  alternate  dilatation  and  contraction  uf  the  chest.  The  dila- 
tation is  called  inspiration,  the  contraction,  expiration.  As  the  whole  external 
surface  of  both  elastic  lungs  are  applied  directly  and  in  an  air-tight  manner,  by 
their  smooth,  moist,  pleural  investment,  to  the  inner  wall  of  the  chest,  which  is 
covered  by  the  parietal  pleura,  it  is  clear  that  the  lungs  must  be  distended  with 
every  dilatation  of  the  chest,  and  diminished  by  every  contraction  thereof.  These 
movements  of  the  lungs,  therefore,  are  entirely  passive,  and  are  dependent  on 
the  thoracic  movements  (GaUn.) 

On  account  of  their  complete  elasticity  and  their  great  extensibility,  the  lungs 
are  able  to  accommodate  themselves  to  any  variation  in  the  size  of  the  thoracic 
cavity,  without  the  two  layers  of  the  pleura  becoming  separated  from  each  other. 
As  the  capacity  of  the  non-distended  chest  is  greater  than  the  volume  of  the  col- 
lapsed lungs  after  their  removal  from  the  body,  it  is  clear  that  the  lungs,  even  in 
their  natural  position  within  the  chest,  are  distended,  />.,  they  are  in  a  certain 
state  of  elastic  tension  (§  60).  The  tension  is  greater,  the  more  distended  the 
thoracic  cavity,  and  wV^r  versd.  As  soon  as  the  pleural  cavity  is  opened  by  per- 
foration from  without,  the  lungs,  in  virtue  of  their  elasticity,  collapse,  and  a  space 
filled  with  air  is  formed  between  the  surface  of  the  lungs  and  the  inner  surface  of 
the  thoracic  wall  (pneumothorax).  The  lungs  so  aifected  are  rendered  useless 
for  respiration  ;  hence,  a  double  pneumothorax  causes  death. 

Pneumothorax. — It  is  also  clear  that,  if  the  pulmuuary  pleura  be  perforated  from  wiiliin  the 
lung,  air  will  pass  fruro  the  respiratory  passages  into  the  pleural  sac,  and  also  give  rise  10  pneumo- 
thorax. 

[Not  unfrequcntly  the  surgeon  is  called  on  to  open  the  chest,  say,  by  removing  a  portion  of  a  rib, 
to  allow  of  the  free  exit  of  pu«  from  the  pleural  cavity.  If  this  be  done  with  proper  precautions, 
and  if  the  external  wound  be  allowed  tu  heal,  after  a  time  tlie  air  in  the  pleural  cavity  becucnn 
ftbsorbcd,  the  collapsed  lung  tends  to  regain  its  on^inal  (orni,  and  again  becomes  functionally  active.] 

Estimation  of  Elastic  Tension. — If  a  manometer  be  iniroduccd  through  an  intercostal  sjiace 
into  the  pleural  cavity,  in  a  dead  subject,  we  can  n)ca.ture,  by  means  of  a  column  of  mercury,  ihe 
amount  of  the  ebstic  tension  required  to  keep  the  luug  iu  itA  position.  This  ia  equal  to  6  mm.  in 
the  dead  subject,  as  well  as  m  the  condition  of  exptratiun.  If,  however,  Ihe  thorax  he  brought  into 
the  position  of  inspiration,  by  the  application  of  traction  from  without,  the  elastic  tenson  may  ba 
increased  to  30  mm.  Hg.  {DoHders). 

If  the  glottis  be  closed  and  a  deup  inspiration  taken,  the  air  within  the  lungs 
tnust  become  rarified,  because  it  has  to  fill  a  greater  space.  If  the  glottis  be  sud- 
denly opened,  the  atmospheric  air  passes  into  the  lungs  until  the  air  within  the 
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lungs  has  the  same  density  as  the  atmosphere.  Conversely,  if  the  glottis  be  closed, 
and  if  an  expiratory  effort  be  made,  the  air  within  the  chest  must  be  compressed.  If 
the  glottis  be  suddenly  opened,  air  passes  out  of  the  lungs  until  the  |)ressnre  outside 
and  inside  the  lung  is  equal.  As  the  glottis  remains  open  during  ordinary  respira- 
tion, the  equilibration  of  the  pressure  within  and  without  the  lungs  will  take  place 
gradually.  During  tranquil  inspiration  there  is  a  slight  negative  pressure ;  during 
expiration,  a  slight  positive  pressure  in  the  lungs;  the  former  =  1  mm.,  the  latter 
»-3  mm.  Hg.  in  the  human  trachea  (measured  in  cases  of  wounds  of  the  trachea). 

108.  QUANTITY  OF  GASES  RESPIRED.— As  the  lungs  within  the 
chest  never  give  out  all  the  air  they  contain,  it  is  clear  that  only  a  part  of  the  air 
of  the  lungs  is  changed  during  inspiration  and  expiration.  The  volume  of  this 
air  will  depend  upon  the  depth  of  the  respirations. 

Huichinson  (1S4&)  dUtinguUhes   the   rollowiiig  points: — 

(I)  ReBidual  Air  is  the  volume  of  air  which  remains  in  the 
cbeit  after  ihc  most  compUte  txpiration.  It  is  equal  to  1230-1640 
c.  c.  [locv-rjo  cubic  inches]. 

(21  RcBcrve  or  Supplemental  Air  is  the  volume  of  air  which 
can  be  expcUed  frum  the  chest  after  3  normal  quiet  expiration.  It  it 
equal  to  1240--1800  c.  c.  [100  ciibic  Inches], 

(3J  Tidal  Air  is  the  volume  of  air  which  is  taken  in  and  g[lven 
oot  at  each  respiration.  It  is  equal  to  500  cubic  centimetres  [so 
cul>ic  inches]. 

(41  Com  pie  mental  Air  is  the  volume  of  air  thnt  can  be  forcibly 
inspired  over  and  abov«  what  i:t  taken  in  ai  a  normal  respiration.  It 
amounts  to  abuitt  1500  c.  c.  [100-130  cubic  inches]. 

(5)  Vital  Capacity  is  the  term  applied  to  the 
volume  of  air  which  can  be  forcibly  expelled  from  the 
chest  after  the  deepest  possible  inspiration.  It  is  equal 
to  3772  c-  c.  (or  230  cubic  inches;  for  an  Englishman 
{JIuUkinson),  and  3222  for  a  German  {Hascr). 

Hence,  after  every  quiet  inspiration,  both  lungs  con- 
tain (i  +  2  +  3)  =  3000  to  3900  c.cm.    [220  cubic 
inches];  after  a  quiet   expiration  (i  +  a)  ^  2500  to 
inches].     So  that  about  J  to  |  of  the  air  in  the 
lungs  is  subject  to  renewal  at  each  respiration. 

Estimation  of  Vital  Capacity.— The  esti- 
mation of  the  vital  capacity  was  formt-rly  thought 
to  be  of  great  consequence,  but  at  the  present  lime 
not  much  importance  is  attached  to  it,  nor  is  it  fre- 
quently measured  in  cases  of  disease.  It  is  csti- 
noaicd  by  meansof  the  spiromcterof  Hutchinson. 
This  instrument  (Fig.  1 39),  consists  of  a  graduated 
cylinder  filled  with  water  and  inverted  like  a 
gasometer  over  water,  and  balanced  by  means 
of  ft  counterpoise.  Into  this  cylinder  a  tube 
projects,  and  this  tube  is  connected  with  a 
mouth  piece.  The  person  to  be  experimented 
upon  takes  the  deepest  possible  inspiration, 
closes  his  nostrils,  and  breathes  forcibly  into 
ihe  mouth  piece  of  the  tube.  After  doing  so  the 
tube  is  closed.  The  cylinder  is  raised  by  the 
air  forced  into  it,  and  after  the  water  inside 
and  outside  the  cylinder  is  equalized,  the  height 
to  which  the  cylinder  is  raised  indicates  the 
amuunt  0/ait  exprai,  or  the  vital  or  respiratory 
capacity.  In  a  man  of  average  height,  5  feet  8 
inches,  it  is  equal  to  230  cubic  inches. 
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The  following  circiunstance«  affecl  Ihc  vHal  capacity  : —  _ 

(i)  The  Height. — Every  inch  added  to  the  height  of  persons  between  5  And  6  fcer,  eivci  u 
increase  of  the  vilal  capacity  =  130  c.c.     [8  cubic  inches] 

(2)  The  Body  weight. — ^^'hcfl  the  body  wdghl  exceeds  the  normal  hy  7  per  cent,,  ihcre  if  a 
diminution  of  37  c.c.  of  the  vital  capacity  for  every  kilo,  of  increase. 

(3)  Age. — Ttic  vital  capacity  is  at  its  maximum  at  35;  there  i>  an  annual  decrease  of  33.4  c.c. 
from  this  age  onward  to  65,  and  backward  to  15  years  of  age. 

(4)  Sex. — It  is  less  in  women  than  men,  and  even  where  there  b  the  same  circumference  of 
chest,  and  the  same  height  in  a  man  and  a  woman.  Lhc  ratio  is  lo  :  7, 

(5)  Position.— More  air  is  respired  in  the  erect  than  in  the  recumbent  po«ition. 

(6)  Disease. — Abdommal  and  thoracic  diseases  diminish  ii. 

109.  NUMBER  OF  RESPIRATIONS.— In  the  adult,  the  number  of 
respirations  varies  from  16  to  34  per  tumute,  so  thai  about  4  pulse  beats  occur 
during  each  respiration.  The  number  of  respirations  is  influenced  by  many 
conditions : — 

(1)  The  Position  of  the  Body. — In  the  adult,  in  the  horizontal  position,  Guy  counted  13, 
while  silting  19,  whdc  slandinij  22.  respirations  \xt  minute. 

(2)  The  Age. — (^uetelet  found  the  mean  numt>er  of  respirations  in  300  individuals  to  be  : — 


»5 


ear.  Rcfpiratiotu 

to    t 44 

5 26 

to  so 30 


Average 

Number  per 

Minute. 


Year.  Kupi  rations. 

201035, '**-7      I  Average 

25  to  30 16          >  Number  per 

301050 18.1      i  Minute. 


(3)  The  State  of  Activity. — Gorham  counted  in  children  of  3  to  4  years  of  agc»  during  stand- 
ing 32,  in  sleep  24,  respirations  per  minute.  During  bodily  exertion  the  number  of  respirations 
increases  before  the  heart  beats.  [Very  slight  mmctt/iir  exertion  suffices  to  increase  the  frequency 
of  the  respirations.] 

[(4}  The  Temperature  of  the  surrounding  medium. — The  respirations  become  more  numerous 
the  higher  the  surrounding  temperature,  but  this  result  only  occurs  when  the  actual  temperature  of 
the  b^d  is  increased,  as  in  fever. 

(5)  Digestion. — There  is  a  slight  variation  during  the  coitrse  of  the  day,  the  increase  being  mod 
marked  after  midday  dinner  (  yUrordf). 

(6)  The  Will  can  to  a  certain  extent  modify  the  nomber  and  also  the  depth  of  the  zupiraiions, 
but  after  a  »hurt  time  the  impulse  to  respire  overcomes  the  voluntary  impulse. 

(7)  The  Oases  of  the  Blood  have  a  marked  effect,  and  so  has  the  heat  of  the  blood  to  fever.] 
[(8j   In  Animals — 

Mammals.  |  Mammals.  Piah. 

PcrMin.  Per  Mid 

Hippopotamus,     ...  l    Kaja 50 

Horse to-12 

Ass, 7 


Per  Mln. 
6 


Tiger 

Lion 10 

J"gW"r, " 

Panlhcr. t8 

Cot 24 

l3og, 15 

Dromedary 11 

Giraffe 8-10 

Ox 15-18 

Squirrel,    ......  70 

Kabbit,      55 

Rat  (waking), 210 

Rat  (asleep) loo 

Rhinoccrij*.  , 6-10 


Birds. 

Condor 6 

Sparrow 90 

f'igeon      30 

Siskin .  too 

Canary 18 


Kaja  .... 
Torpedo    , 
Perch     . 
Mullet  . 
Eel    .    .    . 
Hippocampus 


Snake    . 
Tortoise 


Reptiles. 


Xnvertebrata. 

Crab ta 

Mollusca M-^5 


[(9)  In  Disease. — The  number  may  be  greatly  increased  from  many  causes,  (.g.,  tn  fe^er, 
p1eurt.<ty  and  pncumunia,  some  heart  diseases,  or  in  certain  cases  of  alteration  of  the  Llood,  as  in 
ana-mia ;  and  diminished  where  theie  is  pressure  on  the  lespiralory  centre  in  the  medulla.  Ui 
coma.      Il  is  important  to  note  the  ratio  of  pulse  beats  to  respirations.] 

tio.  TIME    OCCUPIED     BY    THE    RESPIRATORY    MOVE- 

MENTS. — The  lime  occupied  in  the  various  phases  of  a  respiration  ran  only  be 
accurately  ascertained  by  obtaining  a  curve  or  pneumatogram  of  the  respiratory 
movetnents. 

Methods. — (1)  Vierordt  and  C.  Ludwig  transferred  the  movements  of  a  part  of  the  chest  ^rall 
to  a  lever  which  inscribed  its  movements  upon  a  revolving  cylinder.  Riegcl  ( 1873}  constructed  a 
"  double  fttcthograph  "  on  the  same  principle.     This  instrument  is  so  arranged  that  one  arm  of  the 
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(3)  A  cannula  or  oesc^hageal  sound  niay  be  introduced  into  thil  portion  of  the  cesophagu«  which 
lies  in  the  chest,  and  a  connection  cstablitihcd  with  Marey's  toniboor,  p.  85  (Jfosm/Aa/).  [This 
method  also  enables  one  to  measure  the  iittm-ihoraeie  fressureA 

Marey's  Stethograph  nr  l'ncunio[rra|>h. — [There  are  two  funn&  of  this  instrument,  one  modi* 
fied  by  P.  (tcrt  ;ind  the  more  roudcnt  form  (Fig.  130).  A  tambour  [h)  is  fixed  at  right  angles  to  a 
thin  ela&iic  ulate  of  steel  (/).  The  aluminium  A\&V,  on  the  caoutchouc  of  the  lambour  is  attached 
to  an  umiglit  {b),  whn^c  end  lies  in  contact  with  a  hurizontal  screw  {ff).  Two  anns  (</,  c)  tn 
altacheil  to  opjKMiie  sides  of  the  !<tccl  plate,  and  tu  them  the  b«)t  {e)  which  fastens  the  instrument 
to  the  chest  is  attached.  When  the  chest  expnnds  ilie>e  two  arms  are  pulled  asunder,  the  sleel  plate 
is  bent,  and  the  lambuur  is  afl'ected,  and  any  movement  of  tlie  tambour  is  tnuumitted  tu  a  registering 
tambour  by  the  air  in  the  tube  {<>)•] 

In  the  case  of  animals  placed  on  their  backs,  Snellen  introduced  a  long  needle  Tertically  ihrooeh 
the  abdominal  walls  into  the  liver.  Rosenthal  (i|>ened  the  abdomen  and  applied  a  lever  to  the 
under  surfncc  of  the  diaphragm,  and  thus  registered  its  movements  (Phrenograph). 

The  curve  (Fig.  131,  B)  was  obtained  by  placing  the  tambour  of  a  Brondgcesi's 

Fig.  132. 


w^. 


PncumatogrAiii^  ut>uinetl  by  meoiuof  Kicstl'*  xcihottraph      I,  normal  curvos,  ll.curvii  tram  a  case  01  cmpby>c«M; 
a,  .-utcoding  limb ;   h,  »pcx :  c,  dcacentjing  bmb  of  the  cuivc.     The  uaall  clevatkiiu  ant  due  to  the  cardiac 


pansphyg myograph  upon  the  xiphoid  process,  and  recording  the  movement  upon  a 
plate  attached  to  a  vibrating  tuning  fork.  The  inspiration  (ascending  limb)  l>cgins 
with  moderate  rapidity,  is  accelerated  in  the  middle,  and  toward  the  end  again 
becomes  slower.  The  expiratioft  also  begins  with  moderate  rapidity,  is  then  accel- 
erated, and  becomes  much  slower  at  the  latter  part,  so  that  the  curve  falls  very 
gradually. 

Inspiration  is  sfighth  shorter  than  Expiration, — According  to  Sibson,  the  ratio 
for  an  adult  is  as  6  to  7 ;  in  wotnen,  children  and  old  |>eople,  6  tu  8  or  6  to  9- 
Vierordt  found  the  ratio  to  be  10  to  14. 1  (to  24.1 ) :  J.  K.  Kwald,  11  to  rs.  It 
is  only  occa-sionally  that  cases  occtir  where  insj)iration  and  expiration  are  cfiiuJIy 
long,  or  where  expiration  is  shorter  than  inspiration.  When  respiration  pro*  eeds 
quielly  and  regularly,  there  Is  usually  no  pause  (complete  rest  of  the  chest  walls) 
bettveen  thf  inspiration  and  expiration  {/He^fi).     The  very  flat  part  of  the  expira- 
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iory  curve  has  been  wrongly  regarded  as  due  to  a  pause.     Of  course,  we  may  make 
a  voluntary  pause  between  two  respirations,  or  at  any  part  of  a  respiratory  act. 

Some  utjMrvers,  however,  have  described  a  pau-se  as  occurring  between  Uie  end  of  expiration  and 
llie  hcginniag  of  the  next  inspiration  (expiration  pau^e),  and  also  another  pause  at  the  end  of  inspi- 
lion  I iuspiration  pause).    The  latter  ii  always  of  very  short  duration,  aud  considcrab]]r  shorter 
lan  the  former. 

luring  very  deep  and  %\ow  respiration,  there  is  usually  an  expiration  pause,  while  it  is  almost 
invanikbly  abftcnt  during  ra[itd  breathing.     An  inspiration  pause  i&  always  ab&cnt  under  normal  cir- 
l        cuuistances,  but  it  luuy  occur  under  palbulo^ical  condiliuns. 

I  III   certain  pans  of  the  respiratory  curve  slight  irregulHriiiex  may  appear,  which  are  sometimes 

^^duc  to  vibrations  communicated  to  the  thoracic  walls  by  vigorous  heart  beats  (Fig.  132). 

^^K  The  "type  "  of  respiration  may  be  ascertained  by  taking  curves  from  various 
^^Barts  during  the  respiratory  movements.  Htitchinson  showed  that  in  the  female 
^^ttie  thorax  is  dilated  chicHy  by  raising  the  sternum  and  the  ribs  1  Respiratio  cos- 
f  talis),  while  in  man,  it  is  caused  chiefly  by  a  descent  of  the  diaphragm  (Respi- 
ratio diaphragmatica  or  abdominalis).  In  the  former  there  is  the  so-called 
I       "costal  type,"  in  the  latter  the  '*  abdominal  or  diaphragmatic  type." 

j  Forced  Respiration.^This  difTerence  in  the  type  of  respiration  in  the  i«xes  occurs  only  during 

I  normal  <.|uict  r«j>iration.  During  deep  and  forced  rfxpiratian,  in  both  sexes,  the  dilatation  of  the 
chesi  is  cau^d  chiefly  by  raising  the  chest  and  the  ribs.  In  man,  the  cpiga.<trium  may  be  pulled  in 
«ooiter  than  it  is  pnitruded.  Louring  sleep,  the  type  of  respiration  in  bnih  sexes  is  thoracic,  while, 
u   the  same  time,  the  inspiratory  dilatation  uf  the  chest  precedes  the  elevation  of  the  abdominal 

wall  {  Matte\. 

It  is  not  (leiermioed  whether  the  costal  type  of  respiration  in  the  female  depends  upon  the  con- 

ictioo  of  the  chest  by  corsets  or  other  causes  (^Sihsan),  or  whether  it  is  a  natural  adaptation  to  the 

kild.tiemnnjt  function  in  women  ( f/u/ihimon).     Some  oliserveri  maintain  that  the  difTerence  of  type 

ijuite  distinct,  even  in  steep,  when  all  constrictions  arc  removed,  and  that  similar  differences  arc 

nociceable  in  young  children.     This  Ls  denied  by  others,  while  a  third  class  of  observers  hold  that 

jc  costal  type  occurs  m  children  of  both  sexes,  and  they  ascrilM.*  as  a  cause  the  greater  flexibility 

the  rib^  of  children  and  women,  which  permits  the  muscles  of  the  chest  to  act  more  eflicienlly 

tn   the  rihs.     [When  a  child  sucks,  it  breathes  exclusively  through  the  nose ;  hence,  catarrhal 

ilioos  of  the  nasal  mucous  mcml>rane  arc  fraught  with  danger  to  tne  child.] 

III.     PATHOLOGICAL     VARIATIONS     OF     THE     RESPIRATORY     MOVE- 
lENTS. — [Examination  of  the  Lunga. — The  same  methods  that  are  applicable  to  the  heart 
-vir  ,  I.  Inspection  ;  II,  I',ilpation :   III.  Percussion*,  and  IV,  Auscultation — apply  here  al»o.] 
[  Hy  Inspection  we  may  determine  the  presence  of  symmetrical  or  unilateral  alterations  in  the 
ipc  uf  the  chest,  the  presence  of  bul^ng  or  Baitenir^  at  one  jart,  and  variations  in  the  movement 
of  the  cl>cs4  walls.      Hy  Palpation,  the  presence  or  absence,  character,  scat  and  extent  of  any  move- 
ments ar*  more  carefully  cxamine^l.    But  we  may  also  study  what  is  called  Vocal  fremitus  ({  1 17). 
For  Percussion  ()  114);  Auscultation  (jj  116).] 

[In  invc<lignting  the  respiratory  movements,  we  should  observe  (l)  the  frequency  {\  109);  (2) 
the  type  {J  i  lo) ;  (3)  the  nature,  character  and  extent  of  the  movements,  uotin|;,  also,  whether  they 
are  accompanied  by  pain  or  not  1  ^  no) :  (4)  the  rhythm.] 

I,  Changes  in  the  Mode  of  Movement  — In  persons  sulTcring  from  disease  of  the  respiratory 
ofgaos,  the  rtiUtation  of  the  chest  may  he  diminished  (to  the  extent  of  5  or  6  cm.)  on  l>oth  sides  or 
oruy  oa  one  side.  InafTections  of  the  apex  of  the  lung  (in  phthisis),  the  subnormal  expansion  of 
the  upper  pari  of  the  wall  of  the  chest  may  be  considerable.  Retracfion  of  the  soft  parts  of  the 
thoracic  wall,  the  xiphoid  process,  and  the  parts  where  the  lower  ribs  are  inserted,  occurs  in  cases 
where  air  cannot  freely  enter  the  chest  during  inspiration,  f.g^.,  in  narrowing  of  the  larynx  ;  when 
this  retraction  is  contined  to  the  upper  part  of  the  thoracic  wall,  it  indicates  that  the  portion  of  the 
lunc  lying  under  the  part  mj  afiected  is  le«s  extensile  and  diseased. 

Harrison's  Groove. — In  persons  suflcrin^  fruin  chrfinic  diOiojIty  of  breathing,  and  in  whom, 
at  the  vinie  time,  the  dlaphni]i;m  acts  energetically,  there  is  a  slight  groove,  which  passes  horizon- 
tally outwnni  from  the  xiphoid  cartilage,  caused  by  the  pulling  in  of  the  soft  parts  and  correspond- 
mg  to  the  insertion  of  the  diaphragm. 

The  duration  of  itit/*tr,t/i,m  Is  lengthened  in  }>er«ons  suffering  from  narrowing  of  the  trachea 
or  larynx;  fr/>ira/i<m  is  lengthened  in  cases  of  dilatation  of  the  lung,  as  in  emphysema,  where  all 
the  <ipirat«>r>'  muscles  must  be  brought  into  action  (Fig.  1  j2,  II). 

II.  Variationa  in  the  Rhythm.— When  the  re4i»iralor>'  apparatus  is  much  affected,  there  is  either 
ui  increase  or  a  decp^rning  of  the  respirations,  or  both.  When  there  is  great  difhculty  of  breathing, 
this  is  called  Dyspnoea. 

Catiaca  of  Dyspnoea. — ( i)  Uniiiaiion  of  the  exchange  of  the  respiratory  gases  in  the  blood 
Ave  10  — («r)  diminution  of  the  respiratory  surface  (as  in  some  diseases  of  the  lungs) ;  {i)  narrow- 
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ing  nf  the  rcspir.itor>-  patsages  ;  (c-)  flimlnuHon  of  the  re<l  blood  coq>tiMles ;  (Y)  diaiurbnoces  of  ihe 
tespiralory  mcchani-itn  (f*.  ^'.,  due  (o  atTectians  of  the  rcspiralory  muscles  or  nervcA,  or  painful  afTcc- 
lions  of  ihc  chest  woll| ;  [e)  imi>edcd  circulation  thruush  the  luiigs  due  to  various  forms  of  heart 
disease.  (3)  Heat  dyepncea. — The  frequency  of  the  resptriUtonK  is  increased  '\x\Mrilt  <ondiiiam. 
The  warm  blood  actx  as  a  direct  irritant  of  the  rexpiralory  centre  in  the  me<lulu  obloagita,  and 
rsises  the  numljer  of  respirations  to  30-60  per  roinute  ("  Heat  dyspnoea").  If  the  carotids  be 
placed  in  uarm  lubes,  so  as  to  heat  the  blood  ^ing  to  the  medulla  oblongata,  the  same  phenomeiu 
are  produced  {A.  /•ick].     See  also  "  A'esf>iratorv  tentre*^  (^  3^8)- 

[Orthopncea. — Sometimes  the  difficuliy  of  breathing  is  so  great  that  the  person  can  only  respire  in 
the  erect  position,  1".  e.,  when.he  iils  or  is  propped  up  in  bed.  This  occurs  frequently  toward  the 
close  of  some  heart  affections,  notably  in  mitral  lesions ;  dropsical  coi>dittorts,  especially  of  the 
cavilie<i,  may  be  present.] 

Cheyne  Stokes'  Phenomenon.— This  remarkable  phenomenon  occurs  in  certain  diseaies. 
where  the  normal  (supply  of  blood  to  the  brain  is  altered,  or  where  the  quality  of  the  blood  itself  is 
altered,  t*.^..  in  ccrtam  alTcctions  of  the  brain  and  heart,  and  in  ur.rmic  poisoning.  Respiratory 
pauses  of  one-half  to  three-quartere  of  a  minute  alternate  with  a  short  period  ( 3^-^'  min.)  of  ui> 
creaiicd  respiratory  activity,  and  during*  this  lime  20-30  respirations  occur.  l*hc  respirations  coniti- 
luting  this  "  scries  "  arc  shallow  at  first ;  gradu.illy  tbcy  Itwomc  deeper  and  nH>rc  dyspncric  :  and 
finally  l>ecome  shallow  or  KUficrticial  again.  Then  follows  the  pause,  and  thus  there  \s  an  alterna- 
tion of  pauses  and  scries  (or  grou(.«)  of  modified  rcfipirations.  During  the  pause,  the  pupils  are 
contracted  and  inactive;  and  when  the  rc^irations  begin,  they  dilate  and  become  sensible  (o  light : 
the  eyeball  is  moved  as  a  whole  .it  the  same  time  [Lruhf).  Ilein  observe<l  that  consciousness  was 
abolished  during  the  pause,  and  that  it  returned  when  respiration  commenced.  A  few  muscular  con- 
traclinns  may  occur  toward  the  end  of  the  pause  (rare). 

With  regard  to  the  causes  of  this  phenomenon  there  is  some  doubt.  .According  to  Rosenbacb, 
the  anomatou>  nutrition  of  the  brain  causes  certain  intracranial  centres,  especially  the  re!r|^iinUory 
centre,  to  be  less  excitable  and  to  he  sooner  exhausted,  and  this  cvmditton  reaches  it«  maximum 
during  the  respiraior\'  i>ause.  During  the  pause  these  centres  recover,  and  they  again  Itecoroe  more 
active.  As  soon  as  ihcy  arc  again  exhausted,  their  activity  ceases.  Luctani  also  regards  variations 
in  the  excitabiUty  of  the  respiratory  centre  as  the  cause  of  the  phenomenon,  which  he  compares 
with  the  periodic  contraction  of  the  heart  (g  58).  He  observed  this  phenomenon  after  injury  to  the 
medulla  oblongata  above  the  respiratory  centre,  and  after  apnora  produced  in  aDimals  deeply  nartv* 
lii^ed  with  npium.  It  also  occurs  in  the  last  stage?'  of  asphyxia,  during  respiration  in  a  closed  space. 
Mosso  found  a  similar  phenomenon  normally  in  the  hybemating  dormouse  ( Myoxus)  [and  traces 
of  it  even  in  iiormaJ  sleep,  while  it  is  samctimes  observed  in  poisoning  by  morphia  or  chloral]. 

Periodic  Respiration  of  Frogs, —  If  frogs  be  kept  under  water,  or  if  the  aorta  be  clamped, 
after  several  hour»,  ihey  become  passive.  If  they  be  taken  nut  of  the  water,  or  if  the  clamp  be  re* 
moved  from  the  aorta,  they  gradually  recover  and  always  exhibit  the  Cheyne-Stokcs'  phenomena. 
In  such  frogs  the  blood  current  may  be  arrested  temporarily,  while  the  phenomenon  itself  remains 
[SoioUmt  and  Lu^fuinger).  If  the  blood  current  be  anestcd  by  ligature  of  the  aorta,  or  if  the 
frogs  be  bled,  the  respirations  occur  in  groups.  This  is  followed  by  a  few  single  rcsiurallons,  and 
then  the  respiration  ceases  completely.  During  the  pause  between  the  periods,  mechanical  sttmu- 
latvoD  of  the  skin  causes  the  discharge  of  a  group  of  respirations  (Sutrri  and  Langendorff),  Afui- 
carin  and  digifa/im  cause  periodic  respiration  in  frogs  [which  is  not  due  to  the  action  of  tocsc  drags 
on  the  heart]. 

112.  GENERAL   VIEW   OF   THE    RESPIRATORY   MUSCLES. 

(A)    Inspiration. 
I.  DuRiNO  Oriunarv  Inspiration  are  Active. 

1.  The  diaphragm  {Nfri'ui phrenicus.) 

2.  The  Mm.  levatores  costamm  longi  cl  breves  (^Rami  posteriores  Nu.  thr- 
sadum'). 

3.  The  Mm.  intercostales  extern!  et  intercartiiaginei  {Nn.  iniercostales). 


i 


n.  During  Forced  Resimration  are  Active. 
(a)    Muscles  of  the  Trunk. 

I.  The  three  Mm.  scaleni  {Rami  muscuiares  of  the  pUxus  <en>kaHs  tt  bro<f»- 

aits). 

3.  M.  sternocleidoraastoideus  (.^dwi.  ex/emus  j\\  arcessorii). 

3.  M.  trapezius  {R.  exiernus  N»  aecessorii  et  Rum.   muscuiares  plexus  (tr- 
vi fail's). 

4.  M.  pecioralis  minor  {Nn.  thoraeici  anteriores). 

5.  M.  serraius  posticus  superior  (A^.  dorsaiis  seapula). 
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Mm.  rhomboidei  (A''.  Jorsaiis  scapuhe), 
7-  Mm.  extensores  column.-c  vcrtebralis  {Ham.  posien'ores  nervorum  i/orsa/wm.) 
[8.  Mm.  serratus  amicus  major  (^,  thitraa'cus  /ottgus).  ?  ?] 

{if)  Mtisdes  of  the  Larynx. 

1.  M.  stcrnohyoidens  (.^tfff;.  descendem  hgpo,^iossf). 

2.  M.  stemothyreoideus  {Ram.  descendens  hypoghssi). 
3-  M.  crico-arytaenoideus  posticus  {N.  latyngeus  inferior  vagf). 
4<  M.  thyreo-arylajnoideus  {N.  iaryriffeus  inferior  I'agi). 

(c)  MuseUs  of  the  Face. 

I.   M.  dilatator  narium  anterior  et  posterior  (iV./ar/"a/r>). 

3.  M.  levator  alae  nasi  {N-  faiialii). 
3.   The  dilators  of  the  mouth  and  nares,  during  forced  respiration  ["  ga:>ping 

Tor  breath  *'],  {N.  facia/is). 

((/)  Muscles  of  the  Pharynx. 

M.  levator  veli  palatina  {N.  faciaiis). 

M.  azygos  uvul«  {N.  faeiaiis). 

According  to  Garland,  the  pharynx  is  always  narrowed. 

(B)  Expiration. 

I.  During  Ordinary  Respiration. 

The  thoracic  cavity  is  diminished  by  the  weight  of  the  chest,  the  elasticity  ot 
le  lungs,  costal  cartilages  and  abdominal  muscles. 


Ir 
I  II.  Dlrino  Forced  ExpiKAxroN. 

P  The  Abdominal  Afuscles. 

I  I.  The  abdominal  muscles  [including  the  obliquus  exiernus  and  internuSi  and 
transvcxsalis  abdominis]  (iV/r.  abdominis  in/emus  anten'ores  e  nervis  intereostalibusy 
8-12). 

2.  Mm.  intercosiales  intcrni,  so  far  as  they  lie  between  the  osseous  ribs,  and  the 

I  Mm.  infracostales  (AVr.  intrrcostaies). 
I    3,   M.  triangularis  sierni  i^Nn.  intercostahs). 
I    4.    M.  serratus  posticus  inferior  {Ram  extemi  nerv.  dorsaliunt)* 
[    5,   M.  quadratus  lumborum  {Ram  muscular  e  plexu  lt4mdali). 

113.  ACTION  OF  THE  INDIVIDUAL  RESPIRATORY  MUSCLES.— fA)  In 
■piration. — ( I }  The  Diapbrag*!!!  arises  from  the  cartilages  and  the  adjoining  osseous  pans  of  the 
lower  SIX  rib*  (crrttal  [loiiion),  by  two  thick  processes  or  crura  from  ibe  upper  three  or  four  lumbar 
vetlebrir,  and  asternal  portion  from  the  back  of  the  eosiform  process. 

Il  represents  an  arched dottbU  cupola  or  dome-shaped  partition,  directed  toward  the  chest;  in  the 
laiger  concavity  on  the  right  side  lies  the  Hvcr,  while  the  smaller  arch  on  the  left  side  is  occupkxl 
bjr  ike  spleen  and  stomach.  Uunnf;  the  pauivc  condition,  these  viscera  are  pressed  against  the 
imdeT  surface  of  the  diaphragm,  b\-  the  elasticity  of  the  abdominal  walls  and  by  the  intra- abdotniaal 
pmsure.  «o  thai  the  arch  of  the  diaphragm  is  pressed  upward  into  the  chest-  Tlie  elastic  traction 
of  the  lungfr  also  aids  in  producing  this  result.  Tht  greater  part  of  the  upjier  surface  of  the  central 
triidon  nf  the  diaphragm  i&  united  to  the  pericardium.  The  part  on  which  the  heart  rests,  and 
which  is  perforated  by  the  inferior  vena  cava  (foramen  qundrilaterum)  ift  the  deepest  part  of  the 
middle  portion  of  the  diaphragm  during^  the  passive  condition. 

Action  of  the  Diaphragm. — When  the  diaphragm  contracts,  both  arched 
])ortioni  become  flatter,  and  the  chest  is  thereby  elongated  from  above  down- 
ward. In  this  act,  the  lateral  muscular  parts  of  the  diaphragm  pass  from  ao 
arched  condition  into  a  flatter  form  (Fig.  133),  and  during  a  forced  inspiration, 
ihc  lowest  lateral  portions,  which,  during  rest,  are  in  contact  with  the  chest  wall. 
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SBglnal  Mction  through  the  t-econd  rib  on  ihe 
ri{ht  tide.  1'hix.  ngiire  thows  ituil  when  the 
arched  mutcuUr  part  uf  the  diarhraiEm  con< 
Iniuis.  a  wedge-tKaped  ^pace,  with  M*.  a]tc« 
downward,  is  formed  around  the  tircumfcr- 
encc  of  the  lower  |Mrf  uf  ihc  chat,  to  thjit 
the  chcM  U  cDUmcd  (tdri  abnve  downward. 


Fio.  133.  become  separated  from  it.     The  middle  of  the 

central  tendon  where  the  heart  rests  (fixed  by 
means  of  the  pericardium  and  inferior  vena 
cava)  takes  no  share  in  this  movement,  espe- 
cially in  ordinary  quiet  breathing,  but  during 
the   deepest    inspiration    it    sinks    somewhat 

Undouljiedly,  the  diaphra^fm  is  Ihe  most  powerful 
ig«tit  ill  increasing  the  cavity  of  Uic  chnt.  Brilcke, 
in  fact,  believes  that  in  adiJition  to  incr«a<iiDg  the 
length  of  the  thoracic  cavity  from  above  dowDwarrl,  it 
alu)  increases  the  (raiisverse  diameter  of  the  lower  pan 
of  the  chc&i.  It  presses  upon  the  abdominal  viscera 
from  above,  aiid  strives  to  yiciA  thc»c  outward,  that 
tending  to  push  out  the  adjoining  thoracic  wall,  [f  the 
contents  of  the  abdomen  arc  removed  from  a  livtn|; 
animal,  every  time  the  dia|)hra);Di  contracts  the  ritn  arc 
drawn  inward  {Ilaller).  Tliis,  of  course,  hinders  the 
chest  from  becoming  wider  below,  hence  the  |>rcscDce 
of  the  abdominal  viscera  seem<(  tu  be  necessary  fnr  the 
normal  activity  of  the  diaphragm. 

Everj'  contraction  of  ilie  diaphra}*m,  by  increasing 
the  intra-abdominal  procure,  favors  the  venous  blno*l 
current  in  the  abdomen  toward  the  vena  ca^'a  inferior 
{Hasie). 

Phrenic  Nerve. — The  immense  importance  of  the 
dia[>liraj;ni  a^  thf  x'rctit  imptratory  mui(U  is  proved  by 
Ihe  fact  that,  after  Vjoth  phrenic  nerves  (third  and  fourth 
cer^'ical    nerves)    are    dividetl,    rlcath     occurs     {Budge, 
£i4lfukamp).     Tlie  phrenic  nerve  contains  some  sen- 
sory fibres  for  the  pleura,  pericardiom  and  a  portion  of 
the  diaphragm  {Schrfiher,  HenU,  Sck-riHtfht). 
The  contraction  of  the  diaphragm  is  not  to  Iw  regarded  as  a  *' simple  muscular  contraction." 
since  it  lasts  4  to  8  times  longer  than  a  simple  contraction;  it   ix  rather  a  Khnrt   tetanic  contraction, 
which  we  may  arrest  in  any  stage  of  its  activity,  without  bringing  into  action  any  antagonistic 
muscles  (KroHfckfr  auri  Mttrckutilii). 

(2)  The  Elevators  of  the  Rib.^The  ribs  at  their  vertebral  ends  {which  lie  much  higher  than 
their  atemal  ends)  are  united  by  means  of  joints,  by  their  heads  and  tubercles,  to  the  bodies  and 
trari>vcr5C  proces^tcs  of  the  vertebrx.  A  horiz-ontal  axis  can  \<  drawn  through  both  joints,  around 
which  the  ribs  can  rotate  upward  and  downward.  If  the  axes  of  rotation  of  each  pair  of  ribs  be 
prolonged  on  both  sides  until  they  meet  in  the  middle  line,  the  angles  so  formed  are  greatest  above 
(125**).  and  smaller  below  (8S°)  {A.  IV.  Volkmann).  Owing  10  the  rilw  being  curved,  we  can 
imagine  a  plane  which,  in  the  passive  (expiratory)  condition  of  Ihe  chest,  has  a  slope  fnim  behind 
and  inward  to  the  front  and  outward.  If  the  ribs  move  on  their  axis  of  rotation  this  plane  be- 
comes more  horizontal,  and  the  thoracic  cavity  is  increased  in  its  transv'crsc  diameter.  As  the  axis 
of  rotation  of  the  np]ier  ribs  runs  in  a  more  frontal,  anti  that  of  the  lower  rilM  in  a  more  Migitial, 
direction,  the  elevation  of  the  upper  ribs  catiscs  a  greater  increase  from  L^cfore  backward,  and  the 
lower  ribs  from  within  outward  (as  the  nu^vemenis  of  ribs  which  ore  directed  downward  are  verti- 
cal to  the  axis).  The  costal  cartilages  undergo  a  slight  tension  at  the  same  time,  which  brings  their 
elasticity  into  play. 

Changes  in  the  Chest. — Ail  *' insptra/ory  muscles**  which  ad  dircctiy  upon 
tiie  chest  waii,  tio  so  by  raising  ihe  Hl*s :  (a)  When  the  ribs  are  raised,  the  inter- 
costal spaces  are  widened,  {h)  When  the  upper  ribs  are  raised,  all  the  lower  ribs 
and  the  sternum  must  be  elevated  at  the  same  time,  because  all  the  ribs  are  con- 
nected with  each  other  by  means  of  the  soft  parts  of  the  intercostal  spaces,  {/) 
During  inspiration,  there  is  an  elevation  of  the  ribs  and  a  dilatation  of  the  inter* 
costal  spaces.  (The  lowest  rib  is  an  exception;  during  forced  respiration,  at  leist, 
it  is  drawn  downward.)  (d)  If,  on  a  preparation  of  the  chest,  the  ribs  be  raised  as 
in  inspiration,  we  may  regard  all  those  muscles  as  elevators  of  the  ribs  whose  origin 
and  insertion  become  approximated.  Every  one  is  agreed  that  the  scaieniznA  inni- 
tores  costarum  iongi  et  dmrs,  the  serrafus posticus  superior,  are  inspiratory  muscles. 
These  are  the  most  important  inspiratory  muscles  which  act  upon  the  ribs. 
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Intercostal  Muscles. — With  regard  to  the  action  of  the  intercostal  muscles, 
there  is  a  great  difTeremx*  of  opinion.  According  to  the  above  experiment,  the 
external  inlercostals  and  the  intercartilaginoiis  parts  of  the  internal  intercostals  act 
as  inspiratory  muscles*  while  the  remaining  portions  of  the  internal  intercostals  (as 
far  as  they  are  rovered  by  the  external)  are  elongated  when  the  ribs  are  raised, 
while  they  shorten  when  the  chest  wall  descends.  A  muscle  shortens  only  during 
its  activity.  The  internal  intercostals  were  regarded  by  Hamberger  as  depressors 
of  the  ribs  or  expiratory  muscles. 

In  Fig.  134, 1,  when  (he  rods  a  and  6  (which  represent  the  ribi),  ue  raised,  the  intercofital  sjMce 
muit  1»e  widened  {e  f^t «/).  On  the  oppusjtc  wdc  of  the  fijiurc,  it  is  evident  that  when  ihc  rods 
arc  raised,  the  line,  ,f  k,  is  shortened  (/  >6--;'  g  k.  direciirtn  of  ih«  external  intcrcostalB),  /  w  is  lengih- 
enetl  f/»»<  e  n,  direction  of  intenial  intercosiah).  Fig.  131.  11, shows,  that  when  the  ribs  are 
TBiscd.  the  intercartilatinci.  indicated  by  if  A.  and  the  exlernnl  intercoslals,  indicated  by  /  t,aTC 
shortened.  When  the  rUw  arc  rai^d,  the  |>oMtioa  of  the  muscular  hbres  is  indicated  by  lUe  diagonal 
of  ihe  rbomb  becoming  shorter. 

Kic.  134. 
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Sch«m*  of  (he  Dctk>n  of  rhe  intcrcofttol  tiiu«clc«. 


The  mode  of  action  of  the  intercoital  musclcf;  is  an  old  Mory.  (Jalen  ( 131-203  A. p.  |  regarding 
the  e&teraak  as  iniiJiralory,  the  internals  as  expiratory.  Hamberger  ( 17^?)  accepted  this  proposition, 
and  coniidered  the  tnierc^rtilaginci  also  as  insjiiralDry.  E  (alter  l>x>ked  ii|>on  both  the  external  and 
interna)  inlerco&taU  a.<>  insplmtury,  while  Vcsalius  (1540)  regarded  Irath  as  expiratory.  I.anderer, 
observing  that  the  upper  two  or  three  intercostal  spaces  became  narrower  during  inspiration,  regarded 
t^joth  ax  active  during  inspiration  and  cKinnition.  They  keep  one  rib  attached  to  ihe  other,  so  that 
their  action  is  to  iransratt  any  strain  put  upon  them  to  the  wall  of  the  chcit.  On  this  view  they  witl 
be  in  aaion,  even  when  the  distance  between  their  points  of  attachment  becomes  greater,  l^mdois 
regards  the  external  intercusials  and  iniercariilaginei  as  active  ^mty  during  inspiratinn,  the  internal 
inienxKlals  tTM/r  during  expiration.  [.Martin  and  llartwcll  cx|>0)*ed  the  internal  intercostals  and 
otiserved  whether  they  contracted  along  with  the  diaphragm,  or  whether  the  contractions  of  these 
two  muscle)  aliemale.  A*  the  result  of  their  cxnerinienis,  they  conclude  rhai  ■•  the  internal  inter- 
cr»«tal  muscles  arc  expiratory  thnmghout  the  whole  extent,  at  leaM  in  the  dog  and  cat ;  and  that  in 
the  former  antma)  they  are  almost  *  ordinary  *  muscles  of  respiration,  while  in  the  latter  they  are 
'extraordinary  '  reiptrntnry  mucles."]  I^indois  is  of  the  opinion  that  the  cA;//' action  of  these  mus- 
cles t<i  not  to  raise  or  dqiress  the  rtlM.  but  rather  that  the  external  intercostals  and  the  intercartiloginei 
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oRer  resitance  lo  the  inspiratory  dilatation  of  the  intercostal  Kpacen,  and  to  the  simulumcoiuly 
iDcreaaed  elastic  tension  of  the  lungs.  Tlie  internal  iniercostaU  act  during  itowerfu)  expiratory 
efforts  (f-^';  CDUghintf),  and  oppose  the  distention  of  the  lungs  and  chest  cau'.etl  hy  thi»  act.  Unleu 
muscles  were  present  to  resist  the  uninterTU|ited  tension  and  prceure,  the  intercostal  substance 
would  become  so  distended  that  respiration  would  be  itn{>Oh&ib]e.  [According  to  Kutheiford,  the  inter- 
nal intercostals  are  probably  muscles  of  inspiration.] 

The  Pectoralis  Minor  and  (?  Serratus  Amicus  Major)  can  only  act  as 
elevators  of  the  ribs  wlien  ihe  shoulders  are  fixed,  partly  by  the  rhomboidei,  and 
partly  by  fixing  the  shoulder  joint  and  supporting  the  arms,  as  is  done  instinctively 
by  jwrsons  suffering  from  breathlessness. 

(3)  Muscles  acting  upon  the  Sternum,  Clavicle  and  Vertebral 
Column. — When  the  head  is  fixed  by  tht:  muscles  of  the  neck,  the  sternocleido- 
mastoid can  raise  the  manubrium  stemi,  and  the  sternal  end  of  the  clavicle  so 
that  the  thorax  is  raised  and  thereby  dilated.  The  scaleni  also  aid  in  this  act.  The 
clavicular  jx^rtion  of  the  trapezius  may  act  in  a  similar  although  less  energetic 
manner.  When  the  vtrUbral  column  is  straighUneti^  it  causes  an  elevation  of  the 
upper  ribs,  and  a  dilatation  of  the  intercostal  spaces  which  aid  inspiration.  Dur- 
ing deep  respiration,  this  straightening  of  the  vertebral  column  takes  place  invol- 
untarily. 

(4)  Laryngeal  Movements. — During  labored  respiration,  with  every 
inspiration  the  larynx  descfmls  and  the  glottis  is  opened.  j\t  the  same  time 
the  palate  is  raised,  so  as  to  permit  a  free  passage  to  the  air  entering  through 
the  mouth. 

(5)  Facial  Movements. — During  labored  respiration,  the  facial  muscles  axe 
involved  ;  there  is  an  inspiratory  dilatation  of  the  nostrils  (well  marked  in  the  horse 
and  rabbit).  When  the  need  for  respiration  is  very  great,  the  mouth  is  gradually 
widened,  and  the  person,  as  it  were,  gasps  for  breath.  During  expiration,  the 
muscles  thai  are  active  during  (4)  and  {5)  relax,  so  that  a  position  of  equilibrium 
is  established  without  there  being  any  active  expiratory  movement  to  counteract 
the  inspiratory  movement.  Dunng  inspiration  the  pharynx  becomes  narrower 
(^Garland). 

(B)  Expiration.^Ordinary  expiration  occurs  without  the  aid  of  muscles, 
owing  to  the  weight  of  the  chest,  which  tends  to  fall  into  its  normal  position 
from  the  position  to  which  it  was  raised  during  inspiration.  This  is  aided  by  the 
elasticity  of  the  various  parts  of  the  chest.  When  the  costal  cartilages  are 
raised,  which  is  accompanied  by  a  slight  rotation  of  their  lower  margins  from 
below  forward  and  upward,  their  elasticity  is  called  into  play.  As  soon,  therefore, 
as  the  inspiratory  forces  cease,  the  costal  cartilages  return  to  their  normal  position, 
— /.^.,  the  position  of  expiration — and  tend  to  untwi;.t  themselves;  at  the  same 
time,  the  elasticity  of  the  distended  lungs  draws  upon  the  thoracic  walls  and 
the  diaphragm.  Lastly,  the  tense  and  elastic  abdominal  walls,  which,  in 
man  chiefly,  are  stretched  and  pushed  forward,  tend  to  return  to  their  non-dis- 
tended, passive  condition  when  the  abdominal  viscera  are  relieved  from  the 
pressure  of  the  contracted  diaphragm.  (When  the  position  of  the  body  is  re- 
versed, the  action  of  the  weight  of  the  chest  is  removed  ;  but  in  place  of  it,  there 
is  the  weight  of  the  viscera  which  press  upon  the  diaphragm.) 

The  abdominal  muscles  [ob^quus  internus  and  externus,  transversalis  abdo- 
minis and  levator  ini]  are  always  active  during  labored  respiration.  They  act  by 
diminishing  the  abdominal  cavity,  and  they  press  the  abdominal  contents  upward 
against  the  diaphragm.  When  they  act  simultaneously,  the  abdominal  cavity  is 
diminished  throughout  its  whole  extent.  The  Triangularis  sterni  depresses 
the  sternal  ends  of  the  united  cartilages  and  bones,  from  the  third  to  sixth  rib 
downward;  and  the  Serratus  posticus  inferior  depresses  the  four  lowest  ribs, 
causing  the  others  to  follow.  It  is  aided  by  the  Quadratus  lumborum,  which 
depresses  the  last  rib.  According  to  Henle,  the  serratus  posticus  inferior  fixes 
the  lower  ribs  for  the  action  of  the  slips  of  the  diaphragm  inserted  into  them^  so 
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!t  acts  during  inspiration.     According  to  Landerer,  the  downward  movement 
of  the  ribs  in  the  lower  part  of  the  thorax  dilates  the  chesi. 

In  the  cTcct  position^  when  the  vcrlebml  column  is  fixed, deep  inspiration  aiul  expiralion  nalunUly 
■her  the  position  of  the  centre  of  gravity,  mi  thai  dunng  inspiraiion,  owing  tn  the  protnision  of 
ihe  thoracic  and  at>dominal  walls,  the  centre  of  gravity  lies  somewhat  mr^re  to  the  front.  Hence, 
with  each  respiration  there  is  an  involunuiry  Iwilancing  of  the  body,  liuring  very  deep  inspinuion, 
(be  accompanying  straightening  of  (he  vertehral  column  and  [he  throwing  backward  of  the  head 
compensAie  for  the  protrusion  of  the  anterior  walls  of  the  trunk. 

114.  RELATIVE  DIMENSIONS  OF  THE  CHEST.— It   is  important,  from  a  physi- 
I's  point  of  view,  to  know  thf  dimension&  of  the  thorax,  and  also  the  variations  it  undergoes  at 
difiierent  parts.     The  diameter  of  the  chest  is  ascertained  by  means  of  caUtpcrs;  the  ctrcumfercnce, 
Ih  a  flexible  ccntimdre  or  other  measure. 

In  Strong  men,  the  circumference  of  the  upper  part  of  the  chest  (immediately 
under  the  arms)  is  88  centimetres  (34.3  inches) ,  in  females,  82  centimetres  (32 
inches)  ;  on  the  level  of  the  ensiform 
process,  82  centimetres  (32  inches)  and 
78  centimetres  (30.4  inches),  respect- 
ively. When  the  arms  are  placed  hori- 
zontally, during  the  phase  of  moderate 
expiration,  the  circumference  immedi- 
ately under  the  nipple  and  the  angles  of 
the  staptilie  is  equal  to  half  the  length  of 
the  body  ;  in  man,  82,  and  during  deep 
inspiration  89  centimetres.  The  cir- 
cumference at  the  level  of  the  ensiform 
cartilage  is  6  centimetres  less.  In  old 
pet)plc,  the  circumference  of  the  upper 
port  of  the  chest  is  diminished,  so  that 
the  lower  part  l)€Conies  the  wider  of  the 
two.  The  right  half  of  the  chtrst  is 
usually  slightly  larger  than  the  left  half, 
owing  to  the  greater  development  of  the 
muscles  on  that  side.  The  long  diann- 
etcr  of  the  chest — from  the  clavicle  to 
the  margin  of  the  lowest  rib — varies  very  much. 

The  transverse  diameter  in  man,  above  and  below,  is  25  to  26  centimetres 
(9.7  to  10. 1  inches),  in  females  23  to  24  centimetres  (8.9  to  9.2  inches)  ;  above 
the  nipple  it  is  one  centimetre  more.  The  antero-posterior  diameter  (dis- 
tance of  anterior  chest  wall  from  the  tip  of  a  spinous  process)  in  the  upi>er 
part  of  the  chest  is  =  17  (6.6  inches),  in  the  lower  19  centimetres  ( 7.4  inches). 
Valentin  found  that  in  man,  during  the  deepest  inspiration,  the  chest  on  a  level 
with  the  groove  in  the  heart  was  mcreased  about  ^  to  ^,  while  Sibson  estimates 
the  increase  at  the  level  of  the  nipple  to  be  -^. 

TboracoTneteT.— In  order  to  obtain  a  knowledge  of  (he  degree  of  movement — rising  or  foiling 
)f  the  chest  wall  during  respiration,  various  iiutruments  have  been  invented.     The  thoracometer 
Sitnon  (Kig.  136)  measures  the  elevation  in  ditTcreni  parts  of  the  sternum.     U  consists  of  two 
letallic  ban  placed  at  right  angles  to  each  other;    one  of  them,  A.  is  placed  nn   the  vertebral 
column.     On  B  there  is  placed  a  movable  transverse  bar,  C.  which  carries  on  its  free  end  a  toothed 
■li,  Z,  directed  downward.     Hxe  lower  end  of  this  rod  is  provided  with  a  pad  which  rests  on  the 
trnumt  while  its  toothed  edge  drives  a  small  wheel  which  moves  an  index,  whose  excursbns  are 
licatcd  on  a  circle  with  a  scale  attached  to  iL 

The  Cyrtometer  of  Woille/  is  very  useful.     A  brass  chain,  composed  of  movable  links,  ia 

;iplied  in  a  definite  direction  to  part  of  the  chest  wall,  f.  ^.,  transverwty  on  a  level  with  the  nipple, 

lically  upon  the  manuniUary  or  axillary  lines  aulenorly.     There  are  freclv  movable  links  at 

ts,  which  |>emiii  the  chain  to  be  easily  removed,  so  that  as  a  whole  it  still  retains  its  fonn. 

is  laid  apon  a  sheet  of  paper,  and  a  line  drawn  with  a  pencil  around  its  inner  margin 

of  the  thorax  (Fig.  135).     [A  lead  wire  answers  the  same  purpose.] 


Curve  taken  wilh  ihe  c>Ttpinetcr.     Left  side  of  the  cho 
retracted  In  k  girl  twelve  yettn  of  sigt  {Eichhffrst). 
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ince  in  contact  with  the  chest  wall  contains  air,  a  dear  resonant  tone  or  sound 

-such  as  is  obtained  by  striking  a  vessel  containing  air,  a  clear  percussion  sound 

-^is  obtained.     Where  the  lung  docs  not  contain  air,  a  dull  sound — like  striking 

a  limb — is  obtained.     If  the  parts  containing  air  be  very  thin,  or  are  only  partially 

filled  with  air,  the  sound  is  "miiflled." 

Fig.  137  indicates  the  relations  of  the  lungs  to  the  anterior  surface  of  the  chest. 
The  it/>ues  of  the  lun^^s  rauh  3  to  7  centimetres  (i. i  to  2. 7  inches)  above  the 
clavicles  anteriorly,  while  posteriorly  they  extend  from  the  spines  of  the  scapulae 
as  high  as  the  seventh  spinous  process.  The  iowtr  ntar^n  of  the  ri^kf  iung  in  the 
passive  position  (moderate  expiration)  of  the  chest,  commences  at  the  right  margin 
of  the  sternum  at  the  insertion  of  the  sixth  rib,  runs  under  the  right  nipple,  nearly 
parallel  to  the  upper  border  of  the  sixth  rib,  and  descends  a  little  in  the  axillary 
line,  to  the  upi)cr  margin  of  the  seventh  ril).     On  the  /<//  side  (apart  from  the 

Itusition  of  the  heart),  the  lower  limit  reaches  as  far  down  anteriorly  as  the  right. 
't\  Fig.  137  the  line  <j,  /,  ff,  shows  the  lowest  limit  of  the  passive  lungs.  Posteri' 
)rh\  both  lungs  reach  as  far  down  as  the  tenth  rib.  During  the  deepest  inspiration^ 
he  hmgs  descend  anteriorly  as  far  as  between  the  sixth  and  seventh  riiw.  and 
losteriorly  to  the  eleventh  rib — whereby  the  diaphragm  is  separated  from  the 
horacic  wall  (Fig.  133).  During  the  deepest  expiration^  the  lower  margins  of  the 
lungs  are  elevated  almost  as  much  as  they  descend  during  inspiration.  In  Fig. 
137.  m,  /I,  indicates  the  margin  of  the  right  lung  during  deep  inspiration  ;  h,  I, 
during  deep  expiration. 
^H  It  is  important  to  observe  the  relation  of  the  margin  of  the  left  lung  to  the  heart. 
^Bn  Fig.  137  a  somewhat  triangular  space,  reaching  from  the  middle  of  the  point 
^<>f  insertion  of  the  fourth  rib  to  the  sixth  rib  on  the  left  side  of  the  sternum,  is 
indicated.  In  the  passive  chest,  the  heart  lies  in  contact  with  the  thoracic  wall 
in  this  triangular  area  (§  56).  This  area  is  represented  by  the  triangle  /.  /*.  /", 
and  percussion  over  it  gives  a  dull  sound  (superficial  dullness). 

In  the  area  of  the  larger  triangle  d,  //,  (/',  where  the  heart  is  separated  from  the 
chest  wall  by  the  thin  anterior  margins  of  the  lung,  percussion  gives  a  muffled 
sound,  while  further  outward  a  clear  lung  percussion  sound  is  obtained.  During 
deep  mspiration,  the  inner  margin  of  the  left  lung  reaches  over  the  heart  as  far  as 
the  insertion  of  the  mediastinum,  whereby  the  dull  sound  is  limited  to  the  smallest 
triangle,  /,  /,  i"*.  Conversely,  during  very  complete  expiration,  the  margin  of  the 
lung  recedes  so  far  that  the  cardiac  dullness  embraces  the  space,  /,  ff  /, 

115.     PATHOLOGICAL  VARIATIONS  OF    THE   PERCUSSION    SOUNDS.— 
kbnormal  Dullness. — Tlic  uonual  clear  resonant  percussion  sound  of  ilic  \wn\^  bccumrs  mulllcd 
rhen  inriliraiinn  ukes  place  into  the  lungs,  so  «&  to  diminish  the  normal  amount  of  air  within  them, 
tr  when  the  lun^  are  compressed  from  without,  /.  g.,  by  efTimion  of  blood  into  the  pleura.     The 
:rcusaion  sound  becomes  clearer  when  the  chest  wall  is  very  thin,  as  in  spare  individuals,  during 
•ry  deep  inftpiration,  and  especially  in  emphysema,  where  the  air  vesicles  of  certain  parts  of  the 
ing  I  apices  and  mar^a^)  become  greatly  dilated. 
The  pitch  of  the  [>crcus5ion  sound  ought  also  lo  be  noted.     It  depends  upon  the  greater  or  In-s 
isioii  of  the  elastic  pulmonary  tissue,  and  on  the  elasticity  of  the  thoracic  wall.     The  tension  of 
le  elasiir  liuuc  i.'.  increased  during;  inspiration  and  diminished  during  expirition,  so  that  even  under 
»li>'s»u]o^ical  conditions  the  piUli  uf  the  sound  v.-iries. 

The  sound  is  said  to  be  tympanitic  iSkoda)  when  it  has  a  musical  qualin*  resembling  in  its 

timbre  the  sound  produced  on  a  drum,  and  when  il  has  a  sli|{ht  variation  in  pilch.      If  a  cooulchoDC 

ball  be  pLiced  near  the  ear,  on  tapping  it  gently,  a  wcll-marke^l  tympanitic  sound  is  heard,  and  the 

soand  is  of  hi^er  jritch  the  smaller  the  diameter  of  the  ball.    A  tympanitic  sound  is  always  pro 

■  'uced  on  Utp^nng  the  trachea  in  the  neck.     A  tympitnitii  sound  produftd  fVfr  tkr  chtst  is  a/wayi 

tdioitit'f  of  ti  diitaifii  coHdition.     It  occur  in  cases  of  cavities  or  vomicw  within  ihc  tutstance  of 

i)iuig  (the  sound  becomes  deeper  when  the  month,  or  better,  the  mouth  and  ntise,  are  closed), 

~"  air  IS  present  in  one  pleural  cavity,  as  welt  as  in  Conditions  where  (he  tension  of  the  pulmon- 

iBues  is  diminished.     The  tym^-Mniiic  sound  resembles  the  meUsUic  (inkling  which  is  heard  in 

Lrge  paiholngtca)  cavities  in  the  lungs,  or  which  occun  when  the  pleural  cavity  contains  air,  and 

rhcn  the  corKtiliona  which  pennit  a  more  uniform  reflection  of  the  sound  waves  within  the  cavily 

e  present. 

[When  a  cavity,  freely  communicftdng  with  a  large  bronchus,  exists  in  the  upper  and  mitenor 
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put  of  the  lung,  a  peculiar  "  cracked-pot  "  sound  is  heard  on  percussing  over  the  part.  Socne 
notion  of  this  »outid  may  be  otitAincil  hy  cla.s{»ng  the  two  hands  so  a»  to  bring  the  palms  nevlj 
together,  leaving  an  air  space  between,  and  then  striking  ihem  on  the  knee.  When  percuwion  m 
made  over  a  large  cavity  communicating  with  a  bronchus,  some  of  the  air  is  expelled,  and  the  souiitl 
Itiercby  emitted  is  blended  with  the  fundamental  note  of  the  air  in  the  cavity  itself,  the  coniUniiiun 
of  these  two  sounds  thus  producing  the  "  crackcd-iwt  "  sound.] 

Reaistance. — When  percussing  a  chest,  we  may  determine  whether  the  sofaitance  lying  under 
the  portion  of  the  chest  under  cxaminalion  presents  great  or  small  resistauce  to  Ihe  blow,  either  of 
the  percussion  hammer  or  of  the  lip^  of  the  fmgers,  ax  the  cose  may  lie,  ['■/..  in  great  pleufitic 
effu<vinn  exerting  much  pressure  on,  and  so  distending  the  thorax  walls]. 

Phonomctry. — If  the  stem  of  .1  vibrating  tuning-fork  lie  placed  on  the  chest  wall  over  a  part 
containing  air,  its  sound  is  iniensilied  ;  l»ut  if  it  be  placed  over  a  portion  of  the  lung  which  contains 
little  or  no  air  iis  sound  is  enfeebled  {vtrn  Baas). 

Historical. — The  actual  discoverer  of  the  ait  of  percussion  was  Auenbru^^'er  (f  1809}.  I'furry 
and  Skoda  developed  the  art  and  theory  of  percussion,  while  Skoda  originated  aotl  developed  the 
physical  theory  (1839)- 

X16.  THE  NORMAL  RESPIRATORY  SOUNDS.— Normal  Vcs 
icular  Sound. — If  the  ear  directly,  or  through  the  medium  of  a  stethoscope,  be 
placed  in  connection  with  the  chest-wall,  we  hear  over  the  entire  area,  where  the 
lung  is  in  contact  with  the  chest,  the  so-called  "  vesicular  "  sound,  which  is  audi- 
ble Jurii^^  inspiration,  and  its  typical  characters  may  be  studied  by  listening  in  the 
infrascapular  region  in  an  adult.  It  is  a  fine  sighing  or  breezy  sound  [which 
gradually  increases  in  intensity  until  it  reaches  a  maximum,  and  falls  away  before 
expiration  begins].  It  is  said  to  be  caused  by  the  sudden  dilatation  of  the  air 
vesicles  (hence  "  vesicular "^  during  inspiration,  and  it  is  also  ascribed  to  the 
friction  of  the  current  of  air  entering  the  alveoli.  The  sound  has.  at  one  time, 
a  soft,  at  another,  a  sharper  character  ;  the  latter  occurs  constantly  in  children  ap 
to  12  years  of  age.  In  their  case,  the  sound  is  sharper,  because  the  air,  in  enter- 
ing vesicles  one-third  narrower,  is  subjected  to  greater  friction.  [This  is  followed 
by  an  expiratory  sound,  which  may  be  absent  during  quiet  breathing.  It  is  a  feeblci 
sighing  sound,  of  an  indistinct,  soft  character,  caused  by  the  air  jiassing  out  of  the 
air  vesicles,  is  three  or  four  times  shorter  than  the  inspiratory,  is  loudest  at  first. 
and  soon  disappears,  the  latter  part  of  the  expiratory  act  giving  rise  to  no  audible 
sound.  Its  absence  is  not  a  sign  of  disease,  but  when  it  is  prolonged  and  loud, 
suspicion  is  aroused.] 

Bronchial  Respiration. — Within  the  larger  air  passages — Iar)*nx,  trachea, 
bronchi — during  inspiration  and  expiration,  there  are  loud,  rough,  harsh  sounds 
like  a  sharp  h  or  ch — the  ^'^  bronchial^' — the  laryngeal,  tracheal,  or  "tubular*' 
sound,  or  breathing.  [In  normal  bronchial  breathing,  as  heard  over  the  trachea, 
there  is  a  pause  between  the  inspiratory  and  expiratory  sounds,  which  arc  of  nearly 
e<]ual  duration  and  of  about  the  same  intensity  throughout.]  These  sounds  are  also 
heard  l>elween  the  scapula;,  at  the  level  of  the  fourth  dorsal  vertebra  (bifurcation 
of  trachea),  and  they  occur  also  during  expiration,  being  slightly  louder  on  the 
right  side,  owing  to  the  slightly  greater  calibre  of  the  right  bronchus. 

At  all  other  parts  of  the  chest,  the  vesicular  sound  obsi:urcs  the  tubular  or  bron- 
chial sound.  If  the  air  vesicles  are  deprived  of  Iheir  air,  the  tubular  breathing 
becomes  distinct. 

It  is  asserted  that,  when  lungs  containing  air  are  placed  ov-er  the  trachea,  the  tubular  sound  there 
produced  Itecomes  ve&icular.  In  this  cxse,  we  must  suppose  that  the  vesicular  bOund  arii^es  from 
the  tubular  hreathing  becoming  weakened,  and  being  acou^ically  altered,  by  heing  conducted 
through  the  lung  alveoli  {Haai^  PfHioUt).  A  sighing  sound  is  often  produced  at  the  apertures  of 
the  nose  and  mouth  during  force<l  rcspiiation. 

117.  PATHOLOGICAL  RESPIRATORY  SOUNDS.— Hiatorical.— Although  MTeral 
abnormal  sounds  m  connection  with  diseases  of  the  respiratory  organs  were  known  to  Htt>pocmes 
(tuccussion  sound,  fticiion  and  several  calairlial  sounds)  still,  Laennec  was  the  discoverer  of  tlie 
method  of  auscultation  (1816),  while  Skotia  greatly  extended  our  knouledge  of  il»  facts. 

[The  breath  sounds  heard  in  disca*e  may  be  merely  modihcaiions  of  the  normal  veucular  or 
bronchial  .sounds,  or  new  sounds,  such  as  friction  sounds,  riles  nr  rhonchi.] 

[Puerile   Breathing  is  merely  on  exaggerated  vesicular  sound,  so  called  liecausc  it  re*embles 
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louder  vesicular  sound  heonJ  in  children.  It  occurs  when  iome  pait  of  the  lung  \s  unable  to 
ad,  and  ihere  is,  as  it  were,  extra  work  of  the  other  parts  to  compensate,  and  thus  the  sound  is 
exag);crated.] 

(ij  Bronchial  or  Tubular  Breathing  occurii  over  the  entire  area  of  the  lung,  either  when  the 
vesicles  nrc  Javui  of  air,  which  may  !«  caused  by  the  exudation  of  fluid  or  solid  conMituenls, 
Of  when  the  lungs  are  compre^wd  iVom  without.  In  both  cases  vesicular  sounds  disap|>eBr,  and  the 
condensed  or  solidified  long  tissue  toH<^ifits  (he  tuhulnr  Kound  of  the  large  bronchi  to  the  KUiface  ol 
the  chesc  [The  sound  heard  over  a  hejiaiizcd  lube  of  the  lung  in  pneumonia  is  a  tv-picnl  example.] 
It  alio  occurs  in  Urge  cavities,  with  resiMant  walls  near  the  surface  of  the  lunj;.  providc^l  these 
cavities  ct^nimunicate  vrith  a  large  brDnchu<c.      [In  this  case  it  is  termed  Cavernous  Breathing] . 

(S)  The  amphoric  sound  is  compared  to  that  produced  by  blowing  over  the  mouth  of  an  empty 
bottle.  It  occurs  cither  when  a  eavity — at  least  the  size  of  the  fist — exists  in  the  lung,  which  is  so 
blown  into  during  respiration  that  a  peculiar  amphoric-like  snund,  with  a  metallic  timbre  called 
metallic  tinkling,  is  produced;  or  when  the  lung  still  cuntaias  air,  and  is  capable  of  expansion; 
as  there  is  still  air  in  (he  pleural  cavity,  it  acts  as  a  resonator,  and  causes  nti  amphoric  sound, 
simultaneous  with  the  change  of  air  in  the  lungs.  [The  amphoric  sound  or  echo  and  metallic  tink- 
ling arc  the  only  certain  signs  of  the  exi^lcncc  of  a  cavity  in  the  lung.] 

13)  If  obBtructlon  occurs  in  the  course  of  the  air  passages  of  the  lungs,  various  results  may 
accrue,  according  to  the  nature  of  the  resistance  :  (d)  owing  to  various  causes,  <.  ^'..  in  the  apices 
of  the  lungs  there  may  be  partial  swelling  of  the  walls  of  the  air  lube!i  or  infiUralion  into  the  air 
cells  which  hinders  the  regular  supply  of  air.  In  these  cases,  pans  of  the  lung  are  not  supplied 
with  air  continuously;  it  only  reaches  them  periodically.  In  these  cases  a  cog-wheel  sound 
occura.  A  similar  sound  may  be  heard  occasionally  in  a  normal  lung,  when  Ihc  muscles  of  the 
chest  contract  in  a  periodic  spasmodic  manner,  j^]  When  the  air  entering  large  bronchi  causes  (he 
fonrution  of  bubbles  in  the  mucus  which  may  have  accumulated  there, "  mucous  riUcB  "  arc  pro- 
duced. The}'  also  occur  in  small  sjjaces  when  the  walls  arc  separated  from  their  t1uid  contents  by 
the  air  entering  during  inspiration,  or  when  the  walls,  being  adherent  to  each  other,  are  suddenly 
mlled  asunder.  The  rAlc*  are  distinguished  as  «.?/>/ (when  the  contents  arc  fluid  |,  or  as  dry  (when 
le  contents  are  sticky) ;  they  may  be  inspiratory,  expiratory  or  continuous,  or  they  may  be  coarse 
line;  further,  there  is  the  very  fine  crepitation  or  crackling  sound,  and  lastly,  the  metalUc  tink- 
ling caused  in  large  cavities  through  resonance.  [Crepitation  or  Vesicular  Rifles  are  fine  crepi- 
tating sounds  like  those  produced  by  rubbing  a  lock  of  hair  between  the  fingers  near  one's  ear;  they 
occur  only  during  inspiration,  and  are  a  proof  that  some  air  is  entering  the  air  vesicles.  It  is  heard 
in  its  typical  form  during  the  6rst  stage  of  pneumonia,  and  seems  to  be  produced  by  the  bursting  of 
minute  bubbles  of  air  in  a  fluid.]  (•:)  When  the  mucous  membrane  of  the  bronchi  is  greatly 
swollen,  or  is  so  covered  with  viKid  mucus  that  the  air  must  force  its  way  through,  deep,  innorous 
,Thoncbi  (rhonchi  snnun)  may  occur  in  the  large  air  passages,  and  clear,  shrill,  sibilant  sounds 
[rhunchi  ^ibilantes)  in  the  smaller  ones.  [Rhonchi  are  usually  due  to  catarrh  or  to  affections  of  the 
ronchial  mucous  membrane  or  bronchitis.]  When  there  is  extensive  l>rohchial  catarrh,  not  unfre- 
quently  we  feel  the  chest-wall  vibrating  with  the  r.^le  sounds  (Bronchial  fremitus). 

(4)  If  fluid  and  air  occur  together  in  one  pleural  cavity  in  which  the  lung  is  collapsed,  on  shak- 
ing  the  person's  thorax  vigorously,  we  hear  a  sound  such  as  is  produced  when  air  and  water  are 
shaken  together  m  a  bottle.  This  is  the  succussion  sound  of  Hippocrates.  Much  more  rarely, 
I  this  sound  is  heard  under  similar  conditions  in  large  pulmonary  cavities. 

(51   Pleural  Friction.— When  the  two  oppc^ed   surfaces  of  the   pleura   are  inHame<l,  have 
come  soft,  and  arc  covered  with  exudation,  they  move  over  each  other  during  respiration,  and  in 
Mng  so  give  nsc  to  friction  soundst  which  can  be  felt  (often  by  the  patient  himselr),  and  can  also 
heard.     The  sound  is  corofarable  to  the  sound  produced  by  bending  new  leather. 
(6)  Pectoral  Fremitus. — When  we  speak  or  sing  in  a  loud  tone,  the  walls  of  (he  chest  vibrate, 
(cause  the  vibration  of  the  vocal  cords  is  propagated  throughout  the  entire  bronchial  ramifications, 
vibration  is,  of  course,  greatest  near  the  trachea  and  large  bronchi.     The  ear  cannot  detect  the 
inds  distinctly.     If  there  txr  much  exudation  or  air  in  (he  pleura,  or  great  accimiulation  (if  mucus 
^\vi  the  bronchi,  the  pectoral  freinitu.s  is  iliminished  or  altogether  al>sent.     [  In  health,  when  a  i»erson 
speaks,  (he  vocal  resonance  over  the  trachea,  although  loud,  may  be  inarticulate,  and  on  listening 
over  the  sternum  the  sound  is  diminished  and  quite  inarticulate ;  while  over  the  chest-wall  genet- 
ally,  the  sound,  though  distinct,  is  feeblc.1 

All  conditions  which  cause  bronchial  breathing  increase  the  pectoral  fremitus.  Under  normal 
circumstances,  therefore,  it  ii  louder  where  brunchtnl  tireathing  is  heard  normally.  The  ear  hears 
an  intensilied  sound,  which  is  railed  bronchophony  [which  is  a  sound  like  that  heard  normally 
^over  the  trachea  or  bronchi,  but  audible  over  the  vesicular  lung  tissue.  The  conditions  that  cause  it 
re  the  same  as  those  on  which  bronchial  breathing  defMnds,  so  that  it  is  heard  in  pneumonia  and 
^ttluhtsis.  If,  through  etiTusion  into  the  pleura  or  inflammatory  |>rocesses  in  the  lung  tissue,  the 
bronchi  are  pressed  flat,  a  peculiar  bleating  sound  (cgophony)  may  be  heard.] 

118.  PRESSURE  IN  THE  AIR  PASSAGES  AND  THORAX 
DURING  RESPIRATION.— Respiratory  Pressure— If  a  manometer 
be  tied  into  the  trachea  of  an  animal,  so  that  the  respiration  goes  on  completely 
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undisturbed,  /.  ^.,  normal  respiration,  during  every  inspiration  there  is  a  nega- 
tive pressure  (  —  3  mm.  Hg)  and  during  expiration  a  positive  pressure  (Datt/tin). 
JJonders  placed  the  U-slia]x;d  manometer  tube  in  one  nostril,  closed  his  mouth, 
leaving  the  other  nostril  open,  and  respired  quietly.  During  every  quiet  inspira- 
tion the  mercury  showed  a  negative  pressure  of  —  i  mm.,  and  during  expiration, 
a  positive  pressure  of  3-3  mm.  (Hg). 

Forced  Respiration. — \%  soon  as  the  air  was  inspired  or  expired  with  greater 
force,  the  variations  in  pressure  became  very  murh  greater,  ^•..j,'-.,  during  speaking, 
singing  and  coughing.  The  inspiratory  pressure  was  = — 57  mm.  (36-74),  the 
greatest  expiratory  pressure  -f- 87  (82-100)  mm.  Hg  {Dondfrs).  The  pressure  of 
forced  expiration  therefore,  is  30  mm.  greater  than  the  inspiratory  pressure. 

Resistance  to  Inspiration. — Notwithstanding  this,  we  must  not  conclude 
that  the  expiratory  musf:les  act  more  powerfully  than  the  inspiratory;  for  during 
inspiration,  a  variety  of  resistances  have  to  l>e  overcome,  so  that  after  these  have 
been  met,  there  is  only  a  residue  of  the  force  for  the  as[)iration  of  the  mercury. 
The  resistances  to  be  overcome  liy  the  inspiratory  muscles  are — (i)  The  elastic 
tension  of  tkf  lungs,  which  during  the  deepest  expirations  =  6  ram.  ;  during  the 
deepest  inspirations  =  30  mm.  Hg  (§  107).  (2)  The  raising  of  the  weight  of 
the  chest.  (3)  The  elastic  torsion  of  the  costal  cartilages.  (4)  The  depression 
of  the  abdominal  contents,  and  the  elastic  distention  of  the  abdominal  walK  \\\ 
these  not  inconsiderable  resistances,  which  the  inspiratory  muscles  have  to  over- 
come, act  during  expiration,  and  aid  the  expiratory  muscles.  The  forces  con- 
cerned in  inspiration  are  decidedly  much  greater  than  those  of  expiration. 

Intra-thoracic  Pressure. — As  the  lungs  within  the  chest,  in  virtue  of  their 
elasticity,  continually  strive  to  collapse,  necessarily  they  must  cause  a  negati^Y 
pressure  within  the  chest.  This  amounts  in  dogs  during  inspiration,  to  —  7.1  to 
— 7.5  mm.  Hg,  and  during  expiration  to  —  4  mm.  Hg  {//eynsius).  The  cor- 
responding values  for  man  have  been  estimated  at — 4.5  mm.  Hg,  and  —  3  mm. 
Hg,  by  Hutchinson. 

[We  must  disUnguish  between  reapiratory  preasure  of  the  air  within  the  rfspiratory  ftatsages, 
and  the  mun-thomcic  pres-ure.  The  former  is  the  same  as  the  atmospheric  prcssurewhen  the  chest 
is  passive,  but  \t*>%  than  it  as,  the  che^i  i^  toeing  enlarged,  and  {^caier  than  it  when  a  i.i  being  dimin- 
islufd  in  ai^e.  The  intra- thoracic  preaaure  is  the  pressure  within  the  chest,  but  outside  the  iun^t, 
/.^.,  in  .the  pleura,  mediastinum,  etc.  It  is  negative,  i.^..  less  than  the  attnospheric  pressure,  ud 
must  vary  with  the  degree  of  distenlion  of  the  lungs.] 

rMethods.—A  direct  otimatton  was  made  by  AdamkiewicE  and  Jacolison.  A  trocar  with  its 
stylctte  uas  forced  into  the  fourth  left  intercostal  spaL-e  near  the  stemnm  ami  pushed  into  the  peri- 
cardium i  sheep).  The  styletie  was  then  withdrawn,  and  the  trocar  connected  with  a  manometer, 
and  the  negative  preiisurc  of  —  3  to  -♦  5  mm.  Hg  was  oUaincd.  During  violent  dyspn^ra  it  was 
—  9  mm.  Hg.  Rosenthal  introduced  an  •esophageal  sound  with  an  elastic  ampulla  on  its  lower  end 
into  the  cewphagu.it,  so  that  the  ampulla  came  to  lie  opposite  the  poMerior  mediastinum.  The  sound 
was  connected  with  a  registering  tambour  or  manomcier.  During  inspiration  the  manometer  fell, 
and  during  expiration  it  rose.] 

Even  the  greatest  inspiralory  or  expiratory  pressure  ii  always  much  less  than  the  blood  pressure 
in  the  lai^c  arteries;  but  if  the  pressure  be  calculated  upon  the  entire  re$(Hratory  surface  of  the 
thorax,  very  considerable  results  are  obtained. 

Pneumatometer. — This  instnimem  of  Waldenbnrg  is  merely  a  mercurial  manometer  fixed  to  a 
stand,  and  connected  to  an  elastic  tut>e  with  a  suitable  mouth  piece,  which  is  litlcd  over  the  mouth 
and  nose,  while  the  variations  of  the  Hg  can  be  read  off  on  a  sca!e.  [In  the  male,  the  expiratory 
pressure  is  90-120  mm.  Hg,  and  the  respiratory  70-100.  Tlte-relAlions  of  the  prc5surc  during  expi- 
ration and  inspiration  are  more  important  than  the  absolute  pressure.]  The  inspiralory  pressure  is 
diminished  in  nearly  all  diseases  where  the  expansion  of  the  lung  is  im]Mired  [phthisis],  or  the 
expiratof)-  pressure  is  dimini-thcd.  as  in  emphysema  and  a.vthma. 

Effects  of  the  first  Respiration  on  the  Thorax.— Until  birth,  the  airless  lungs  are  completely 
collapsed  (atelectic)  within  the  chest,  and  till  it,  so  that  on  opening  the  chest  in  adead  fcrtus,  pneumo- 
thorax docs  not  occur  i/iemi(hn\.  Supposing,  however,  respiration  to  have  been  fully  e»taMtshed 
after  binh,  and  air  to  have  freely  entered  the  lungs,  if  a  manometer  l>e  placed  in  connection  with 
the  trachea  and  the  chest  1>e  opcnol,  the  manometer  will  register  a  pressure  of  6  mm.  Hg,  due  lo 
the  collapse  of  the  ela.«tic  lungs.  Hcmstcin  .•»up|»scs  that  the  thorax  assumes  a  new  permanent  form, 
due  to  the  first  respiratory  disteiAton;  it  is  a*  if.  owing  to  the  respiratory  elevation  of  the  ril»s,  the 
thorax  had  become  permanently  too  lai^e  for  the  lungi,  which  are,  therefore,  kept  permanently  dis- 
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but  coIUiMc  u  soon  as  ur  passes  into  the  pleunu  When  a  long  has  once  been  filled  with 
sir,  il  cannot  be  emptied  tiy  pressure  from  without.  a«  the  smalt  bronchi  are  compressed  before  the  air 
can  posft  out  of  the  alveoli.  The  expimtor)*  muscles  cannot  iM>sstb1y  expel  all  the  air  from  the  lungi, 
while  the  inspirator)'  muitcular  force  is  sulVicienl  lu  distend  the  lun^s  beyond  their  elastic  equilibrium. 
IiL^niraiion  distends  the  lungs,  increasing  their  elastic  tension,  while  expiration  diminishes  the  tension 
viitbout  al»olishing  it. 

119.  APPENDIX  TO  RESPIRATION.— Nasal  Breathing.— During 
quiet  respiration,  we  usually  breathe — or  ought  to  breathe — through  the  nostrils, 
the  mouth  being  closed.  The  current  of  air  passes  through  the  pharyngo-nasal 
cavity — so  that  in  its  course  during  inspiration,  it  is  (1)  warmeJ  and  rendered 
mvisi,  and  thus  irritation  of  the  mucous  membrane  of  the  air  passages  by  the  cold 
air  is  prevented  ;  (2)  stQ:i.\\  parhcies  of  soot,  or  other  foreign  substances  m  the  air, 
adhere  to,  and  become  embedded  in  the  mucus  covering  the  somewhat  tortuous 
walls  of  the  respiratory  t>.issages,  and  are  carried  outward  by  the  agency  of  the 
ciliated  epithelium  of  the  respiratory  passages  ;  (3)  disagreeable  odors  and  certain 
impurities  are  detected  by  the  sense  of  smell. 

If  a  lung  l>c  inflated,  air  constantly  passes  through  the  walls  of  the  alveoli  and  trachea.  This 
also  occurs  during  violent  expiratory  efforts  (cutaneous  emphysema  in  whoo{Mng  cough),  so  that 
pneumuthonu  may  t»ccur  ( /.  R.  Eioatd  and  Kcbtris). 

Pulmonary  CEdema,  or  the  exodaiioD  of  lymph  or  serum  into  the  pulmonar)-  alveoli,  occurs — 

fi)  When  there  is  ver>*  great  resistance  to  the  blood  stream  in  the  aorta  or  its  branches,  ^.^.,  liy 
Igaiuring  all  the  arteries  going  to  the  head  {Si^.  Mayrr)^  or  the  arch  of  the  aorta,  so  thai  only  one 
cvYitid  remains  |iervions  (  Weiik).  [i)  When  the  pulmonary  veins  arc  occluded.  (3)  When  the 
left  ventricle,  owing  to  mechanical  injury,  ceases  to  beat,  while  the  right  ventricle  goes  on  contract- 
ile 1 4  47)-  These  contlttions  prtxlucc  at  the  same  time  anxmia  of  the  vasomotor  centre  which 
results  in  sjimulatinn  of  that  centre,  and  consequent  contraction  of  all  the  small  arteries,  llius  the 
bkiod  stream  through  the  veins  to  the  right  heart  is  favored,  and  this  in  its  turn  favors  the  produc- 
tioo  of  crdema  of  the  lungs. 

X90.  PECULIARLY  MODIFIED  RESPIRATORY  MOVEMENTS.— (1)  Cough- 
ing.— Consists  in  a  sudden  violent  expiratory  explosion  after  a  previous  deep  insinralion  and  closure 
of  the  glottis,  whereby  the  glottis  is  forced  open,  and  .any  suliistance,  Huid.  gaseous,  or  solid,  in 
Cdntact  with  the  respiratory  mucous  mcn)l>runc  i^  violently  ejected  through  the  o|M:n  mouth.  It  is 
produced  voluntarily  or  reflexly;  in  the  latter  case,  it  can  be  cuntrolled  l>y  the  will  only  tu  a  limited 
extent. 

[Caus€8. — A  cough  may  be  discharged  reflexly  from  a  large  number  of  surfaces :  (l)  A  draught 
of  cold  air  striking  the  skin^  especially  of  the  upi>er  part  of  the  body.  Tills  may  cause  coni;estion 
of  blood  in  the  air  passages,  this  in  turn  exciting  the  cough.  (2)  More  frequently  it  is  discharged 
from  the  respiratory  mucous  membrane,  especially  of  the  larynx,  the  sensory  l>ranches  of  the  vagus 
and  the  superior  larj-ngeal  nerve  being  the  aBerent  nerves.  A  cough  cannot  be  discharged  from 
every  part  of  the  larynx,  thus  there  is  none  from  the  true  vocal  cords  but  only  from  the  glottis 
respiratoria.  ,\11  other  parts  of  the  larynx  arc  inactive,  aiidiso  m  the  trachea  as  far  as  the  bifurca- 
ti»jn,  where  stimulation  excites  cough  (AVA/t.  I'ulpian).  (3I  Sometimes  on  yfTending  body,  such 
as  a  pea  or  inspi»^salcd  cerumen  in  the  external  auditory  meatus,  give.s  rise  to  coughing,  the  aflerent 
nerve  being  the  auricular  branch  of  the  vagus.  (4]  There  seems  to  be  no  doubt  that  there  may  be 
a  "iifli/riV  pr  tiomaih  cou/^'A,"  produced  t^  stimulation  of  the  go^^tric  branches  of  the  vagus,  espe- 
cially in  cases  of  indigestion,  accompanied  by  irritation  of  the  larynx  and  trachea.  (5)  Irritation  of 
the  costal  pleura  and  even  of  the  tesophagus  (AToJies).  (6)  Irritation  of  some  parts  of  the  nose. 
(7  i  Sometimes  also  from  irritation  of  the  pharynx,  as  by  an  elongated  uvula.  (8)  In  some  diseases 
of  the  liver,  spleen,  and  generative  organs,  when  pressure  is  exerted  on  these  parts.] 

(z)  Hawking,  or  clearing  the  throat. — An  expiratory  current  is  forced  in  a  continuous  stream 
through  the  narrow  space  between  the  root  of  the  tongue  and  the  depressed  soft  palate,  in  order  to 
•toist  in  Ihe  removal  of  foreign  bodies.,     When  the  act  is  carried  out  periodically  the  clo»ed  glolli* 

■oddenly  forced  open,  and  it  is  comparable  to  a  voluntary  gentle  cough.  This  act  can  only  be 
luccit  voluntarily. 

1 31  Sneexing  consists  in  a  sudden  violent  expiratory  blast  through  the  nose,  for  the  removal  of 

icns  or  foreign  bodies  (the  mouih  bein^  rarely  open)  after  a  simple  or  repeated  spasm  like  inspi- 
>n — the  glottis  remaining  open.     It  is  usually  caused  reflexly  by  stimulation  of  sensory  nerve 

re*  of  the  nose  [nasal  branch  of  the  fiflh  nerve],  or  by  sudden  exptjsurc  to  a  bright  light  ( Casfius 

ftjf,  K.i>.  97)  [the  afferent  nerve  is  the  optic].  This  reflex  act  may  be  interfered  with  to  a  certain 
:ni,  or  even  prevented,  \iy  stimulation  of  sensory  nerves,  or  firmly  compressing  the  nose  where 
nasa]  nerve  issues.  The  continued  use  of  slcmutalorics,  as  in  persons  who  take  snuff,  dulls  the 
nerves,  so  that  they  no  longer  act  when  stimulated  relleKly. 

[Sternutaioriea  or   Errhines,  such  as  powdered  ipecacuanha.  snufT,  and  euphorbium.  abo 
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The  afierent  impulse  sent  to  the  respiratory  ceatre 
doei  not  occur  the  blood  pmwre 


increase  the  secretion  from  the  nasal  glands. 

also  afTects  the  vasomotor  centre,  so  lluit  even  when  sneezing 

throughout  the  body  is  raised.] 

(4)  Snoring  occurs  during  respiration  through  ihe  open  mouth,  whereby  the  inspiratory  and 
expiratory  stream  of  air  throw's  the  uvula  and  soft  palate  into  vibration.  It  is  involuntary,  and 
usually  occurs  during  sleep,  but  it  may  be  produced  voluntarily. 

(5)  Gargling  consistR  in  the  )<low  pajuuge  of  the  expiralury  air  current  in  the  (orro  of  bubbles 
througli  a  fluid  Tying  between  the  tongue  and  the  soft  palate,  when  the  head  is  held  backward.  It 
is  a  voluntary  act. 

(6)  Crying,  caused  by  emotional  conditions,  consists  in  short,  deep  inspirations,  long  expirations 
with  the  glottis  narrowed,  relaxed  facial  and  jaw  muscles,  secretion  of  tears,  often  combined  with 
plaintive  Inarticulate  expressions.  When  crying  is  long  continued,  sudden  and  j^tosmodic  involua* 
tary  contractions  of  ihe  diaphragm  ocrur,  which  cause  the  mspiralory  sounds  in  the  pharynx  and 
larynx  known  as  sobhtng.     This  is  an  involuntary  act. 

(7)  Sighing  is  a  prolonged  inspiration,  usaaljy  combined  with  a  plaintive  sound,  ofken  caused 
involuntarily,  owing  to  painful  or  unpleasant  recollections.  . 

(8)  Laughing  is  due  to  short,  rapid  expiratory  blasts  through  the  tense  vocal  cords,  which  cause 
a  clear  tone,  and  there  are  characteristic  inariiculaie  sounds  in  the  larynx,  with  vibrations  of  the  soft 
palate.  Tbc  mouth  is  usually  open,  and  the  countenance  hai.  a  characteristic  expression,  owing  to 
the  action  of  the  M.  zygomaticus  major.  It  is  usually  involuntary,  and  can  only  be  suppressed,  to 
a  certain  degree,  In-  the  will  {by  forcibly  closing  the  mouth  and  stopping  respiration). 

(9)  Yawning  is  a  prolonged  deep  inspiration  occurring  after  successive  attempts  at  numerous 
inspirations — tlic  mouth,  fauces  and  glottis  being  wide  open;  exjuration  shorter — both  acts  often 
accompanied  by  prolonged  characteristic  sounds.  It  is  quite  involuntary,  and  is  usually  excited  by 
drowsiness  or  ennui. 

[(10)  Hiccough  is  due  to  a  spasmodic  involuntary  contract  Ion  of  the  diaphrt^m,  causing  aa 
inspiration,  which  is  arrested  by  the  sudden  closure  of  the  glottis,  so  that  a  ch.i.racteiistic  sound  b 
emitted.  Not  unfrequcntly  it  is  due  to  irritation  of  the  gastric  mucous  membrane,  and  sometimctU 
is  B  very  troublesome  symptom  in  uncmic  poisoning.] 
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lai.  QUANTITATIVE  ESTIMATION  OF  CARBONIC  ACID,  OXYGEN.  AND 
WATERY  VAPOR.— I.  Estimation  of  CO,.— i.  The  volume  of  CU,  isesiimaied  by  means 
of  the  anibracometer  {Fig.  ijjS,  II)  of  Vierordt.  The  volume  of  gas  is  collected  in  a  ^adualcd 
tnbc,  r  r,  provided  with  a  bulh  ai  one  end  {previously  filled  with  water  and  carefully  calihrnled, 
I-  /.,  the  exact  amount  which  each  part  of  the  tuW  contains  is  accuralcly  measured),  .ind  the  tulv  is 
doicd.  The  lower  end  has  a  stopcock.  A,  and  to  this  is  screwed  a  flask,  n,  completely  lillcd  with 
a  solution  of  caustic  poLish ;  the  stop  cock  i*  then  opened,  the  potosh  solution  is  nllowcd  to  ascend 
into  the  tube,  which  t»  moved  ahout  until  ail  the  O')^  unites  with  the  polish  lo  form  potassium 
carbonate.  Hold  the  tube  vertically  and  allow  the  p<.}Iash  to  run  back  into  the  flask,  dose  the  stop- 
cock, and  remove  the  bottle  with  the  potash.  I'lace  the  stop-cock  under  water,  open  it  and  allow 
tbe  water  to  ascend  in  the  tube,  when  the  space  in  the  lulx  occupied  by  the  Ruid  indicates  the  volume 
of  COj  which  is  combined  with  the  ^wtash. 

2.  By  Weight. — A  larf^e  quanttty  of  the  mixture  of  gases  which  has  to  be  investigated  ia  made  to 
tbroui^h  a  I.iebig's  bulb  hlled  with  caustic  potash.     The  potai^h  apparatus  having  been  carefully 

'Weighed  hiefurchand,  the  increase  of  weight  indicates  the  amount  of  CO,  which  has  been  taken  up 
by  we  potash  from  the  air  passetl  through  it. 

3.  By  Titration. — A  large  volume  of  the  air  to  lie  investigated  is  conducted  through  a  known 
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donate.  The  fluid  is  neutralized  with  a  standarrl  solution  of  oxalic  acid,  and  the  more  barium  that 
has  united  with  the  C(.).^  the  !>m.iller  will  be  the  amount  of  oxalic  acid  used,  and  I'Uf  x'triJi. 

11.  Estimation  of  Oxygen.^According  to  volume— (a)  By  the  union  of  the  O  with  poto-sMuin 
pTTogallatc,  The  same  procedure  is  adopted  as  for  the  estimation  of  C(  )j,  only  the  Aask,  m,  is 
filled  with  the  pyrogallotc  solution  instead  of  potash.  {6)  By  explu&ion  In  on  eudiometer  (sec  Biaod 
-a/«.  3351. 

ill.  Eatimation  of  Watery  Vapor. — The  air  to  he  investigated  is  passed  tlmnigh  a  bulb  con- 
taining ioncentraud  sulphuric  aciiit  or  throu!;h  a  tul^e  filled  with  pieces  of  ealcium  ehloridt.  The 
ant  of  water  is  directly  indicated  by  the  increase  of  weight. 


i».  METHODS  OF  INVESTIGATION.— 1.  Collecting  the  Expired  Air.— (1)  The 

Imir  expired  may  bt  ciillcclcd  in  tlic  cylinder  of  the  spirometer  (^  108),  which  is  suspended  in  con- 
■enlralrd  mIi  solution,  to  avoid  the  absorption  of  CO.^. 
I  The  Apparatus  of  Andrat  and  Gavarret  i<t  thus  used  :  The  operator  breathed  several  times  into 
Ik  C«f*CiOUs  cylinder  (Fig.  13S).  A  mouth  piece  (M)  was  placed  air  tight  over  the  mouth,*whilc  the 
lin^rtl?  were  closed,  Tlie  direction  of  the  respiratory  current  was  regulated  by  two  so  called 
>•  Muller'a  Valves  "  (mercurial),  {a  and  b).  With  ever)'  inspiration,  the  bottle  or  valve.^  (tilled 
Ifrlow  with  Hg  and  hennctically  closed  above),  i>cnnits  the  air  inspired  to  {lasa  to  the  lung» — during 
every  expiration,  the  expired  air  can  pass  only  through  b  |o  the  collecting  cylinder.  C. 

(3)  If  the  gates  given  off  by  the  skin  are  to  be  collected,  a  limb,  or  whatever  part  ia  to  be  inves- 
;fltcd,  is  secured  in  a  dosed  vcsscE,  and  the  gases  90  obtained  are  anaUved. 

II.  7*be  mo«4  impfjrtant  apparatus  for  this  purpo&e  are  those  of— (/i)  Scharling  (Fig.  139),  which 
)iuists  of  a  closed  box,  A,  of  sufficient  size  lo  contain  a  man.     It  has  Iwo  openings — an  entrance 
»pcning,  <.  and  an  exit,  h.     The  lailcr  is  connected  with  an  aspirator,  C,  a  large  tianel  tilled  with 
When  the  stop-cnck,  k,  is  opened,  and  the  water  flows  out  of  the  barrel,  fresh  air  will  rush 
continuously  into  the  box.  A,  and  ihe  air  mixed  with  the  expired  gases  will  Iw  drawn  toward  C. 
Liebij>"s  bulb,  d.  filled  with  caustic  [ratash,  is  connected  with  the  entrance  lube,  :,  through  which 
ic  in-going  air  muft  pan,  whereby  it  is  cfmiptetely  deprived  of  CO,,  so  that  the  person  ex|>eriniented 
on  is  supplied  with  air  free  from  CO,.     The  air  passing  out  by  the  exit  tuljc,  b,  has  to  [>ass  lint 
through  f,  where  it  gives  up  its  watery  vapor  to  sulphuric  acid,  whereby  the  amount  of  watery  vapor 
is  ciiimated  by  the  increase  of  the  wei^t  of  the  apparatus.  /.     Afterward,  the  air  posses  through  a 
bulb./,  containing  caustic  potash,  which  ab-sorbs  all  the  C(  t.^,  whi'c  the  lubc,^,  IiIIlmI  with  sulphuric 

tacid,  abwirbfs  any  woicry  vapor  thai  miy  have  come  from  /".  The  increase  of  weight  of  f  %fA  g 
^icale  Ihe  amount  of  CO..  The  lota]  volume  of  air  used  i%  known  from  Ihe  cajwcily  of  C 
\  {b\  Rcgnault  and  Reiset's  Apparatus  is  more  complicated,  and  is  used  when  it  is  necessary  to 
keep  animals  for  v-imc  time  under  olnervation  in  a  bell  jar.  It  consiMs  (Kig.  140)  of  a  globe,  K, 
■  which  ia  placed  the  dog  to  be  experimented  on.  Ar^mnd  this  is  placed  a  cylindcr,^^  (provided 
wilb  a  thermometer,  /),  which  may  be  used  for  calorimetric  expcnments.  A  tube,  e,  leads  inlo  tbe 
14  209 
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globf,  R;  (hrougb  ihis  lube  parses  a  known  quanlUy  of  pure  oxygen  (Fig.  l+o,  O}.  To  •bsorh 
any  trace  of  D_)j,  a  vessel  containing  poia.-ih  {Hg.  140,  CO^)  h  placed  in  the  couree  nf  the  tiihe. 
The  vessel  for  measurinf;  the  <  >  i^  emptied  toward  R,  throu^^h  a  solution  of  calcium  chloride  frDm  • 
Uri^e  pan  {(ZaClj)  provided  with  large  tla^ks.  Two  tut>cs,  a*  and  ^,  lead  frotn  R,  and  are  united  hf 
caoutchouc  tubes  with  the  potash  hujhs  ( Kf  >li.  Kr>A),  which  can  be  raided  or  depressed  altematetjr 
by  means  of  the  beam,  W.     Id  this  way  they  aspirate  alternately  the  air   from  R,  and  the  caauic 

Fig.  138. 


^ 


L^l 


-  c 


i 
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I.  Appannis  nf  Andnl  snd  Gavarm  for  collecting  the  expired  air.    C,  large  cylinder,  ta  coltect  the  air  rx[Nr*il .   P, 
wcifihi,  to  babnce  cylinder;  ■»,  A,  twu  MiUlcr't  valves;  M,  mouth  piece.     II.  Aathruomctcr  of  Vieronll. 

polajih  absarhs  the  CO,.  The  increase  of  weicht  of  thexe  Raftkx  after  the  experiment  indicates  Uic 
amount  of  COj  expired.  The  manumeier,/",  snows  whether  there  is  a  difference  of  tlie  pressure 
outside  nnd  inside  the  rIoIw.  R. 

If)  V.  Pciienkofcr  h.is  inventeil  the  most  complete  apparatus  (Fig.  141).     It  coiuBits  of  a  cham- 
ber, Z,  with  metallic  wall^  and  provided  with  a  door  and  a  window.     At  «s  is  an  o|iening  for  the 

Kio.  IJ9. 
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1ie«ptnitr>ry  Apparaltis  of  Sctmrlins.  tf,  bulb  contftinlfigcau«iIc  pnia.4li,  to  alwiirb  CO,  from  io-iEoins  olr;  A,  bi«  iff 
man  or  onimul  expciimentctt  on ;  r  and  r.  tubc«  conl«inii)|j  sulphuric  acid,  la  alMorb  watery  rapor ;  /",  p^iiub 
bulb,  lu  ubtorb  CUj  |{iven  off;  C,  vesM)  filled  wjtb  water,  ta  aspirate  air  through  the  foregoUtf  syitem;  4. 
olop^oocW. 

admission  of  air,  while  a  lar^  double  suction  pump,  P  P,  (driven  by  means  of  a  steam  cn^ne) 
continually  renews  the  air  within  the  chamlier.  The  air  passes  into  a  vessel,  ^,  filled  with  pumice 
stone  Mtturaicd  with  sulphuric  acid,  in  which  it  is  dried ;  it  then  passes  through  a  Urge  ^at  mrter,  4-, 
which  mcisurcs  rhc  total  amount  of  air  passing  through  il. 

After  the  air  is  mea:iured,  it  is  em[^itied  outward  by  means  of  the  pump,  P  P,.     From  the  chief 
exit  tube,  ^,  of  the  chamber,  provided  with  a  small  nuinomeler,  ^,  a  narrow  laterally  placed  tube. 
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Inilb,  K,  lille<l  with  sulphuric  acifl,  whose  increase  in  weight  indicates  the  aniuunt  of  lea/ifry  vmp»r. 
After  passing  through  M  M).  it  g<>et  through  the  lube.  K,  filled  with  b<\ryta  ivlnfion.  which  talcM 
up  Ihe  COj.  The  quantity  of  air  whicli  paues  lhrou(;h  the  accessory  currcnl,  n,  is.  measured  by  the 
smati  gas  meter,  u,  from  which  it  |»ises  outward.  The  ucond  aarsjery  ifrfam,  N,  enables  uk  to 
investigate  the  air  before  it  enters  the  chamber,  and  it  is  arranged  in  exBcily  the  same  way  as  n . 

The  increase  of  CO,  and  1 1 ,0  in  the  accessory  Ktream,  n  { i.  e.^  more  than  in  N ),  indieaio  the 
amount  of  CO,  given  off  by  the  person  in  the  chamlwr,  Z. 

123.  COMPOSITION  AND  PROPERTIES  OF  ATMOSPHERIC 
AIR. — I.  Dry  Air  contains  : — 

c;w.  By  Weight.  By  Volume. 

0 230' 5  20.96 

N 76.9«5  7902 

CO, 0.03-0.054 

3.  Aqueous  Vapor  U  always  present  in  the  air,  but  it  varies  greatly  in  amount, 
and  generally  increases  with  the  increase  of  the  temperature  of  the  air.  In  con- 
nt'ction  with  the  moisture  of  the  air  we  distinguish  (a)  the  absobtie  moisture^  i.t.^ 
the  quantity  of  watery  vapor  which  a  volume  of  air  contains  in  the  form  of  vapor; 
and  {Ji),  the  relative  moisture,  i.  tr.,  the  amount  of  watery  vapor  which  a  volume  of 
air  contains  with  respect  to  its  temperature. 

Experience  shows  that  people  generally  can  breathe  mo«»t  comfonably  in  an  almoi^phere  which  is  not 
completely  saturated  with  aqueous  vapor  according  to  ils  temperature,  but  in  only  '•aiurated  to  the 
extent  of  70  per  cent.  If  the  air  be  loo  dry  il  irritates  the  respiratory  mucous  membrane  ;  if  loo 
moist,  there  is  a  dtKagreeable  sensation,  and  If  il  lie  too  warm,  a  feeling  nf  closeness.  Hence,  it  is 
imponani  to  sec  that  the  proper  amount  of  watery  vapor  is  present  in  Lhc  atr  of  our  silting  roonu* 
bedrooms*  and  hospital  wards. 

The  a^iotutf  amount  of  moi^ure  varies:  In  towns  during  the  day  it  increases  with  increase  f>f 
tcmpcralure,  and  diminishes  when  the  temperature  falls;  it  also  varies  with  lhc  direction  of  the 
wind,  scnson  of  the  year,  height  above  st-a  level. 

The  reliUive  amount  of  moisture  is  greatest  at  nunrise,  leait  at  midday;  small  on  high  mountains; 
greater  in  winter  than  in  summer ;  larger  with  a  south  or  west  wind  than  with  a  notth  \st  ea&t  wind. 

The  air  in  micUummer  contains  absolutely  three  times  a»  much  watery  vapor  as  in  midwinter. 
nevenheleu  the  air  in  summer  is  relatively  drier  than  the  air  in  winter. 

3.  The  air  Expands  by  Heat.  Hiidherg  found  that  looo  volumes  of  air^  at 
0°,  expanded  to  1365  when  heated  to  100"  C. 

4.  The  Density  of  the  air  diminishes  with  increase  of  the  height  above  the 
sea- level. 

124.  COMPOSITION  OF  EXPIRED  AIR.— I.  The  expired  air  contains 
more  CO, — in  normal  respiration  =  4.J58  vols,  per  cent.  (3.3  to  5.5  per  cent.), 
so  that  it  contains  nearly  100  times  more  CO,  than  the  atmospheric  air. 

3.  It  contains  less  O  (4. 7S2  vols,  per  cent,  less)  than  the  atmospheric  air,  /.  a, 
it  contains  only  16.033  vols,  per  cent  of  O. 

3.  Respiratory  Quotient. — Hence,  during  respiration,  more  O  is  taken  into 
the  body  from  the  air  than  CO,  is  given  off  (Lavoisier)',  so  that  the  volume  of 
the  expired  air  is  ( i^u— k^b)  smaller  than  the  volume  of  the  air  inspired,  both  being 
calculated  as  dry,  at  the  same  temperature,  and  at  the  same  barometric  pressure. 
The  relation  of  the  O  absorbed  to  the  CO,  given  off  is  4.38  :  4.781.  This  is 
expressed  by  the  '*  respiratory  quotient  " —  _ 

COj/'     4.38  \  , 

"o-(=4"^2;=°-5o6. 

4.  An  excessively  small  quantity  of  N  is  added  to  the  expired  a\T  (^Hegnauit 
ami  Rfiset),  Segcn  found  that  all  the  N  taken  in  with  the  food  did  not  reapjxrar 
in  the  excreta  (urine  and  f*eces),  and  he  assumed  that  a  small  part  of  it  was  given 
off  by  the  lungs. 

5.  During  ordinary  respiration,  the  expired  air  is  saturated  Avith  watery 
vapor.  It  is  evident,  therefore,  that  when  the  watery  vapor  in  the  air  varies, 
the  lungs  give  off  different  quantities  of  water  from  the  body.  The  percentage 
of  watery  vapor  falls  during  rapid  respiration  {MoUschott). 
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6.  The  expired  air  is  warmer  (36.3**  C).  It  is  very  near  the 
temperature  of  the  body,  and  even  although  the  temperature  of 
Ihe  surrounding  atmosphere  be  very  variable,  the  temperature  of 
the  expired  air  still  remains  nearly  the  same. 

The  in^tnimcDt  (Fig.  143}  was  used  by  Valentin  and  Branner  todetenoine  the 
lempcraiure  of  the  expired  air.  It  consiil<i  of  a  glass  tube.  A,  A.  with  a  mouth 
piecv,  U.  and  in  it  i*.  a  Bne  ihcrniometer,  C.  The  operator  breathes  through  the 
aoK  uid  expires  slowly  thrnugh  the  mouth  piece  inlo  llie  tube. 


Tsmpcraturc  of  ths 
Lkpircri  Air, 


npe 
tn<  Air. 

—  6.3     -H  29.8 

+  »7->9 -+-  362-37 

+  41 -»-3«-" 

+  34.      +  38.5 

7.  The  diminution  of  the  volume  of  the  expired  air  mentioned 
tinder  13)  is  far  more  than  compensated  by  the  warming  which  the 
inspired  air  undergoes  in  the  respiratory  passages,  so  that  the 
volume  of  the  expired  air  is  one-ninth  greater  than  the  air  inspired. 

S.  A  very  small  quantity  of  ammonia  is  found  in  the  expired 
air  {^Jirgnauit  ami  /inset)  ^=  0.0204  gramme  in  24  hours  {/.ossen) ; 
it  is  probably  derived  from  the  blood,  for  blood  exposed  to  the 
air  evolves  ammonia  (  BriicJtf). 

9.   Small  quantities  of  H  and  CH^  are  expired,  both  being  ab- 

rbcd  from  the  intestine.  In  herbivora,  Reiset  found  that  30 
itres  of  CH^  were  expired  in  24  hours. 

125.    DAILY    QUANTITY    OF    GASES     EX- 
HANGED. — As  under  normal  circumstances,  more  O  is  ab- 
rbcd  than  there  is  COj  given  off  (equal  volumes  of  O  and  COj 
contain  equal  quantities  of  O),  a  part  of  the  O  must  be  used  for 
other  oxidation  proce^es  in  the  body.     According  to  the  extent 
of  these  latter  processes,  the  ratio  of  the  O  taken  in  to  the  CO, 

(iven  out — 


■liti 


0.906   nor 


mally  1 


must  vary. 


The  amount  of  CO,  given  off  may  be  less  than  the  "  mean  "  above  stated. 
The  quantity  of  CO,  alone  is  not  a  relinble  indication  of  the  entire  exchange  of 
ases  during  respiration ;   we  must  estimate  simultaneously  the  amount  of  O 
bsorbed,  and  the  CO,  given  off. 


126.  REVIEW  OF  DAILY  GASEOUS  INCOME  AND 

DITURE. 
Income  in  94  hours. 


EXPEN. 


Oxygen — 

744fi"»*- 


51G.500  cxmtr.  {lltrordt). 


L 


(At  o"  C.  and  mean  barometric  preaaure.) 


Expenditure  in  24  hours. 
CarlK>nic  Acid — 

( yierordl). 

{StharlinjiS. 

(  L  iehcrm  filter ) , 

lltankt). 
( Vaimtm). 
( I'urordt). 


900  grnii.  -  455500  c.cmtr. 
36  grms.                 per  hour. 

32.8  to  33.4  gnoa    ••  " 

34  grms.                   "  " 

31.5(0  33  grai*.      ••  ■• 
Water— 640  grms. 
330  grms. 


^Btini 
Bss 
■      pro 


127.    CONDITIONS    INFLUENCING    THE     GASEOUS    EX- 
CHANGES.—  The  formation   of  CO,,  in   all   probability,  consists  of  two  dis- 
nit  processes.     First,  compounds  containing  CO,  seem   to  be   formed   in   the 
ues_.  which  are  oxitiation  produds  of  sul)stances  containing  carbon.     The  second 
process  consists  in  the  separation  of  this  CO,,  which,  however,  takes  place  without 
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the  absorption  of  O.     Both  processes  do  not  always  occur  simultaneously,  i 
one  process  may  exceed  the  other  in  extent  (Z.  Hermann^  PflUgrr). 

According  to  Schmiedeberfr,  the  oxidation  in  tlie  li&tues  depends  upon  a  synthcsUwith  tU 
lion  of  HjO,  the  blood  supplying  ihc  nccessaxy  O. 

The  following  circumstances  affect  these  processes : — . 

I.  Age. — Until  the  body  is  fully  developed,  the  COj  given  off  increai 
it  diminishes  as  the  bodily  energies  decay.  Hence,  in  young  persons 
absorbed  is  relatively  greater  than  the  COj  given  off;  at  other  periods, 
are  pretty  constant.     Example  :  — 


In  S4  houn. 

q 

Agc-Yoir*. 

CO,  Gmn.  nerelMl.    «    CvIiod. 

0  AUorfwd  Gral 

8 

443  ^m.   —  121  Carbon. 

375  grammes* 

15 

766      '•       —  209 

652        " 

16 

950      "       =  259 

S09        "^ 

18-20 

1003      "       ^  274 

S54       A 

30-24 

1074      "       =  29J        " 

9H        ^H 

40-60 

889      '*       =  242        " 

757        S 

60-ao 

810      ••       —  221        " 

689       ^ 

The  absolute  aitiount  of  CO,  given  off  is  less  in  children  than  in  adui 
the  COj  given  off  be  calculated  with  reference  lo  body  weight,  then,  wei| 
weight,  a  child  gives  off  twice  as  much  CO,  as  an  adult. 

a.  Sex. — Mules,  from  the  eighth  year  onward  to  old  age,  give  off  aboi 
third  more  CO,  ihdiW  ien•ii^^s  {A  m/ra/ an  J  Gavarref).  This  difference  i 
marked  at  puberty,  when  the  difference  may  rise  lo  one-half.  After  cess« 
the  menses,  there  is  an  increase,  and  in  old  age  the  amount  of  CO,  gi 
diminishes.  Pregnancy  increases  the  amount,  owing  to  causes  whicl 
understood. 

3.  The  Constitution, — As  a  general   nile,  muscular,  energetic 
more  O  and  excrete  more  CUj  than  less  active  persons  of  the  same  weight, 

4.  Alternation  of  Day  and  Night. — The  CO,  given  off  is  diminishes 
one-fourth  during  sleep  (^r^rtr/tfl^).  'I'his  diminution  is  caused  by  the  o 
heat  of  the  surroundings  (bed),  darkness,  absence  of  muscular  activity,  d 
non-taking  of  food  (sec  5,  6,  7,  9).  It  does  not  seem  that  any  O  is  sto 
during  sleep  (.S*.  Lcwin).  After  awaking  in  the  morning,  the  respirati 
more  rapid  and  deeper,  and  thus  the  amount  of  CO,  given  off  is  increas 
decreases  during  the  forenoon,  until  dinner,  at  midday,  causes  another  ilj 
It  falls  during  the  afternoon,  and  increases  again  after  supper. 

During  hybernation,  when  no  food  is  taken,  and  when  the  r^iipirationa  ccue.  or  are  em 
diminished,  the  rcipiratory  exchange  of  gucs  is  carried  out  by  diflusion  and  by  the  cardio-pi 
niovemenls  1^59).  The  CO,  given  off  falls  10  ^,  the  U  taken  in  to  A  of  what  they  ai 
waking  condition  (  Valentin),  Much  less  CO,  i»  given  off  than  O  taken  in*  bo  thit  ihc  boj 
may  increase  through  the  excess  of  D. 

5.  Temperature  of  the  Surroundings, — Cold-blooded  Animi 
warmer  when  the  temperature  of  their  environment  is  raised,  and  they  \ 
more  CO,  m  this  condition  than  when  they  are  cooler  {Spul/a/iittni),  €.^., 
with  llie  temperature  of  the  surroundings  at  39°  C,  excreted  three  times  a 
CO,  as  when  the  temperature  was  6"  C.  { Afcf/fSi'/wU ), 

Warm-blooded  Animals  behave  sotnewhat  differently  when  the  temp 
of  the  surrounding  medium  is  changed.  When  the  temperature  of  the  an 
lowered  thereby,  there  is  a  considerable  decrease  in  the  amount  of  CO,  gi< 
as  in  cold-blooded  animals;  but  if  the  temperature  of  the  animal   be  in 
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(also  in  fever),  the  CO,  is  increased  (C  tutftvig and S<in<lers-Ezn).  Exactly  the 
reverse  obtains  when  the  temperature  of  the  surroundings  varies,  and  the  bodily 
temperature  remains  constant.  As  the  cold  of  the  surrounding  medium  increases, 
the  processes  of  oxidation  within  the  body  are  increased  through  some  as  yet  un- 
known reflex  mechanism;  the  number  and  depth  of  the  respirations  increase, 
whereby  more  O  is  takin  in  and  more  CO3  is  given  out  {^Lavoisier).  A  man  in 
January  uses  32.2  grammes  O  per  hour;  in  July,  only  31.7  grammes.  In  animals, 
with  the  temperature  of  the  surrounding?  at  8^  C,  the  CO,  given  off  was  one-third 
greater  than  with  a  temperature  of  38°  C.  When  the  tem|>crature  of  the  air 
increases — the  body  temperature  remaining  the  same — the  respiratory  activity  and 

e  COj  given  off  diminish,  while  the  pulse  remains  nearly  constant  {Vierordt). 

n  passing  suddenly  from  a  cold  to  a  warm  medium,  the  amount  of  C0|  is  con- 
siderably diminished ;  and.  conversely,  on  passing  from  a  warm  to  a  cold  medium, 
the  amount  is  considerably  increased  (§  214). 

6.  Muscular  Exercise  causes  a  considerable  increase  in  the  COj  given  out 

S&^ar///^),  which  may  be  three  times  greater  during  walking  than  during  rest 
Ed.  Smith).  Ivudwig  and  Sczelkow  estimated  the  O  taken  in  and  the  CO,  given 
off  by  a  rabbit  during  rest,  and  when  the  muscles  of  the  hind  limbs  were  tetani/ed. 
During  tetanus,  the  O  and  CO,  were  increased  considerably,  but  in  leiani/ed 
animal!^  more  O  was  given  off  in  the  CO,  expired  than  was  taken  up  simultaneously 
during  respiration.  The  passive  animal  absorbed  nearly  twice  as  much  O  as  the 
amount  of  CO,  given  off  (§  294). 

7.  Taking  of  food  causes  constantly  a  not  inconsiderable  increase  in  the  CO, 
given  off,  which  depends  upon  the  quantity  taken,  and  the  increase  generally 
occurs  about  an  hour  alter  the  chief  meal — dinner  (  Vi(rordi),  During  inanition, 
the  exchange  of  gases  diminishes  considerably  until  death  occurs  i^LetelHer).  At 
first  the  CO,  given  off  diminishes  more  quickly  than  the  O  is  taken  up.  The 
quality  of  the  food  influences  the  CO,  given  off  to  this  extent,  that  substances  rich 
in  carbtin  (carbohydrates  and  fats)  cause  a  greater  eVcretion  of  CO,  than  substan- 
ces which  contain  less  C  talbumins).     Regnault  and  Reisct  found  that  a  dog  gave 

»pff  79  per  cent,  of  the  O  inspired  after  a  flesh  diet,  and  91  per  cent,  after  a  diet 
of  starch.  If  easily  oxidixable  substances  (glycerine  or  lactate  of  suda)  are  injected 
into  the  blood,  the  O  taken  in  and  the  CO,  given  off  undergo  a  considerable  \i\' 
crease  (Z«r/H'/]i^  rf«//  Sdurfmetjruisky).  Alcohols,  tea,  and  ethereal  uils  diminish 
the  CO,  {Prouty  yierordt).  [Kd.  .Smith  found  that  the  effects  producrd  by  alco- 
holic drinks  varied  with  the  nature  of  the  spirituous  liquor.  Thus  brandy,  whisky, 
and  gin  diminish  the  amount;  while  pure  alcohol,  rum,  ale,  and  porter  tend  to 
increase  it.] 

8.  The  Number  and  Depth  of  Respirations  have  practically  no  influence 
on  the  formation  of  CO,,  or  the  oxidation  processes  within  the  body,  these  being 

gulated  by  the  tissues  themselves,  by  some  mcthanism  as  yet  unknown  {^PJHiger), 

hey  have  a  marked  effect,  however,  upon  the  removal  of  the  already  formed  CO, 

ora  the  body.     An  increase  in  the  «wm(^ir/- of  respirations  (their  depth  remaining 

the  same),  as  well  as  an  incre.isc  of  their  depth,  the  number  remaining  the  same, 

cause  an  absolute  increase  in  the  amount  of  CO,  given  off,  which,  with  reference  to 

"he  total  amount  of  gases  exchanged,  is  relatwely  diminished.     The  following 

xample  from  Vierordt  illustrates  this  : — 


Vol  of  Air. 


Atnaiint  of 


percent. 


2S8c.  cmtr.  =4.3jfc 

420        '•      =3-5" 

744        •■      =31" 

1392        "      =2.9" 


n.«fh»r&^«       AmodBtof    _     percent. 


500 
loco 

1500 
2000 
3000 


SI  c. 

36 

64 
7a 


cmtr.  r=4.3j6 
=  3.6** 

•'   =  3-4  '* 
"   =  3.2  " 

=  1.4" 
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g.  Exposure  to  a  bright  light  causes  »n  increase  in  the  CO,  given  off  id  frogs  (Moifttk^t, 
i8js)'-  in  mammals  and  birds  (Jit/w*a«(/ /*ia(^w/m*) ;  even  in  frc^s  deprived  of  their  lungs  ^Ak 
bint);  or  in  ihosc  nbose  spina]  cc-rd  bos  b«en  divided  high  up  [CAasaninvifs^.  The  consumpiioD 
uf  O  is  increased  at  the  same  time  [  Pfi&grr  an*/  v.  Ftaten ).  The  same  results  occur  in  blind  per- 
sons, nhhough  to  a  less  degree.  Bluish  violet  light  is  almost  as  active  as  white  light,  while  red  light 
is  less  active  \Motnchott  and  Fuhini). 

10.  The  experiments  of  (jr^hant  on  dogs,  seem  to  show  that  intelisc  tnflamiiutioii  of  tlic  bron. 
chial  mucous  membrane  influences  the  CO,  given  ofT. 

11,  Among  poiaons,  thebaia  increases  the  CO,  given  off,  while  morphia,  codeia,  narccin.  nar- 
CDlin,  papaverin,  diminish  it  [Fubtni). 

laS.  DIFFUSION  OF  GASES  WITHIN  THE  LUNGS.— The 
air  within  the  air  vesicles  contains  raost  CO,  and  least  O,  and  as  we  pass  (rom  the 
small  to  the  large  bronchi  and  onward  to  the  trachea,  the  composition  of  the  air 
gradually  approaches  more  closely  to  thai  of  the  atmosphere  {Allan  and  Ptpys). 
Hence,  if  the  air  expired  be  collected  in  two  portions,  the  first  half  {i.e., 
the  air  from  the  larger  air  passages),  contains  less  CO,  (3.7  vols,  per  cent.)  than 
the  second  half  (5.4  vols,  per  cent.).  This  difference  in  the  percentage  of  gases 
gives  rise  to  a  diffusion  of  the  gases  within  the  air  passages;  the  COj  must  diffuse 
from  the  air  vesicles  outward,  and  the  O  from  the  atmosphere  and  nostrils  inward 
(§  53).  This  movement  is  aided  by  the  cardio-pneumatic  movement  {Landois 
§59).  In  hybernating  animals  and  in  persons  iz//(7r<r«//v  but  not  actually  »/r(7</,  the 
exchange  of  gases  within  the  lungs  can  only  occur  in  the  above-mentioned  ways. 

For  ordinary  purposes  this  mechanism  is  insufficient,  and  there  are  added  the 
respiratory  movements  whereby  atmospheric  air  is  introduced  into  the  larger  air 
passages,  from  which  and  into  which  the  diffusion  currents  of  O  and  COj  pass, 
on  account  of  the  difference  of  tension  of  the  gases. 

129.  EXCHANGE  OF  GASES  BETWEEN  THE  BLOOD  OF 
THE  PULMONARY  CAPILLARIES  AND  THti  AIR  IN  THE 
AIR  VESICLES. — This  exchange  of  ga^es  occurs  almost  exclusively  through 
the  agency  oi  chemical  processes,  and  therefore  independently  of  the  diffusion  of 
gases. 

Method. — It  is  important  to  ascertain  the  tension  of  the  O  and  CO,  in  the  vmmis  hlood  of  the 
pultnonar)'  CBpilbries,  FHUger  andWoItbcrg  estitnated  the  tension  by  **  catheteriaing  the  lun^." 
An  elastic  catheter  was  introduced  through  an  opening  in  the  trachea  of  a  dog  into  the  brortchos 
leading  to  the  tuwest  lobe  of  the  left  lung.  An  elastic  sac  w.ts  placed  round  the  catheter,  and  trhen 
the  latter  was  introduced  into  the  bronchus,  the  sac  around  the  catheter  was  distended  so  as  topltig 
the  bronchus.  No  air  could  escape  between  the  catheter  and  the  wall  of  the  bronchtis.  The  outer 
end  oi  the  catheter  was  closed  at  first,  and  the  dog  was  allowed  to  respire  quietly.  After  four 
minutes  the  air  in  the  air  vesicles  was  completely  in  equilibrium  with  the  blood  gaaes.  The  air  of 
the  lung  was  sucked  out  of  the  catheter  by  means  of  an  air  pump,  and  afterward  analyzed. 

Thus  we  may  measure  indirectly  the  tension  of  the  O  and  CO,  in  the  venous 
blood  of  the  pulmonary  capillaries.  The  direct  estimation  of  the  gases  in  differ- 
ent kinds  of  blood  is  made  by  shaking  up  the  blood  with  another  gas.  The  ga«;s 
so  removed  indicate  directly  the  proportion  of  blood  gases. 

The  following  tabular  arrangement  indicates  the  tension  and  percentage  of  O 
and  CO,  in  arterial  and  venous  blood,  in  the  atmosphere,  and  in  the  air  of  the 
alveoli : — 


I. 
OTension    in  arterial   blood  :=  29.6  mm. 
(corresponding   to  a  mixture   containing 
vol.  per  cent,  of  O). 

n. 

CO, Tension    in  arterial  blood  ^3i  mm. 
(corresponding  to  2.9  vol.  per  cent.). 

III. 
OTeosioa    In  venoui     bloods: 22    mm. 
^corresponding  lo  a.9  vol,  per  cent.) 


Hg 
3-9 


Hg 


Hg 


IV. 
CO^^Teiurion  in  venous  blood  =  41   mm. 
(corresponding  to  5.4  vol.  per  cent.). 


0-Ten»ion  in  the  air  of  the  alvcoti  of  the  caihe- 
tcrizcd  lung  =  27.44  inm.  Hg  (correspood* 
ing  to  3.6  Tul.  per  cent.). 


COj-Tcnsion  in  the  air  of  the  alveoli  of  the 
catheterized  lung  =37  mm.  Hg  (corrcspood- 
ing  10  3.56  vol.  per  cent.). 
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CO, -Tension  in  ihe  atmosphere  =o.j8  mm.  Hg 
(corresponding  to 0.03-0.05  vol.  |>cr  cent.). 


VII.  I  VIII. 

-Teasion  in  the   aunasphere=  158  mm.  !Ig 
(corrciponding  to  20.8  vol.  per  cent). 

When  we  cora|>are  the  tension  of  the  O  in  the  air  (VII^=  158  mm.  Hg)  with 
the  tension  of  the  O  in  venous  blood  (111=22  mm.  Hg,  or  V^27.44  mm. 
Hg),  we  might  be  inclined  to  assume  that  the  pa.s.sage  of  the  U  from  the  air  of 
the  air  vesicles  into  the  blood  was  due  solely  to  diffusion  of  the  gases;  and  simi- 
larly, we  might  assume  that  the  CO,  of  the  venous  blood  (IV  or  VI)  diffused 
into  the  air  vesicles,  because  the  tension  of  the  COj  in  the  air  is  much  less  ( VIII^. 
There  are  a  number  of  facts,  however,  whirh  prove  that  the  exchange  of  the 
gases  in  the  lungs  is  chiefly  due  to  chemical  forces. 

Absorption  of  O. — \Vith  regard  to  the  absorption  of  O  from  the  air  in  the 
tlveoli  mio  the  venous  blood  of  the  lung  capillaries,  whereby  the  blood  is  arterial- 
i:ed,  it  IS  proved  that  this  is  a  chemical  process.  The  gas-free  (reduced) 
heinotjlobm  takes  up  O  to  form  oxyhxmoglobiii  (tj  15,  I).  That  this  absorption 
ha.  nothing  to  do  directly  with  the  diffusion  of  gases,  but  is  due  to  a  chemical 
<:onbination  of  the  atomic  compounds,  is  shown  by  the  fact  that,  when  pure  O 
IS  respired,  the  blood  does  not  take  up  more  O  than  when  atmospheric  air  is 
respired  ;  further,  that  animals  made  to  breathe  in  a  limited  closed  space  can 
absor^j  almost  all  the  O — even  to  traces — into  their  blood  before  suffocation 
occun.  Of  course,  if  the  absorption  of  O  were  due  to  diffusion,  in  the  former 
case  nrore  O  would  be  absorbed,  while  in  the  latter  case  the  absorption  of  O  could 
not  povsibly  occur  to  such  an  extent  as  it  does.  The  law  of  diffusion  comes  into 
play  in  connection  with  the  absorption  of  O  to  this  extent,  viz.,  that  the  O  diffuses 
from  th-  air  cells  of  the  lung  into  the  blood  plasma,  where  it  reaches  the  blood 
corpuscles  floating  in  the  plasma.     The  hfemoglobin  of  the  blood  corpuscles  forms 

ooce  a  chemical  compound  (oxyhemoglobin)  with  the  O. 

Even  in  very  rmreAed  air,  ^uch  aA  ik  met  with  in  the  upper  regions  of  the  atmosphere  during  a 
baltrioo  ascait,  the  al»orfiiiun  of  O  still  remains  independent  of  the  partiul  ]jre55ure  {Lcth,  Meytr^ 
iurtut\.  Bit  a  much  longer  time  \a  re-julred  for  this  procesi  at  the  ordinary  Temperature  of  the 
body,  so  thai  in  rarelicl  ati  the  ab«orption  of  O  is  t^reatly  delayed,  but  ts  not  dtmuiLslied.  this  is 
ibe  cause  of  ijeath  in  aerooauis  who  have  ascended  so  high  thai  the  atmospheric  pressure  I**  dimin- 
ifthed  to  one-iltird  {^t^itihi-Mtrzvj. 

Excretion  of  CO.. — With  regard  to  the  excretion  of  CO,  from  the  blood,  we 
must  remember  that  the  CO^  in  the  blood  exists  in  two  conditions.  Part  of  the 
COj  forms  a  loose  or  feeble  chemical  compound,  while  another  portion  is  more 
firmly  combined.  The  former  is  obtained  by  those  means  which  remove  gases 
from  fluids  containing  them  in  a  state  of  absorption,  so  that  in  removing  the  CO, 
from^  the  blood  il  is  difficult  to  determine  whether  the  CO,  so  removed  obeyed 
the  law  of  diffusion,  or  if  it  was  expelled  by  chemical  means. 

Although  it  is  convenient  to  represent  the  excretion  of  CO,  from  the  blood  into 
the  air  vesicles  of  the  lung,  as  due  to  equilibration  of  the  tension  of  the  CO,  on 
opposite  sides  of  the  alveolar  merabratie.  /.  €.,  to  diffusion — nevertheless,  chemi 
cal  processes  play  an  important  i>art  in  this  act.  The  absorption  of  O  by  the 
colored  corpuscles  acts,  at  the  same  time,  in  expelling  CO,.  This  is  proved  by 
Ihe  fact  that  the  expulsion  of  CO,  from  the  blood  takes  place  more  readily  when 
O  is  simultaneously  admitted  i^LuJwig  an//  Hoim^ren). 

The  free  supply  of  O  not  only  favors  the  removal  of  the  CO,,  which  is  loosely 
combined,  but  it  also  favors  the  expulsion  of  that  portion  of  the  CO,  which  is  more 
firmly  combined,  and  which  can  only  be  expelled  by  the  addition  of  acids  to  the 
blood  {LuJuttSi  Sfhoffer  and  Sezclkow),  That  the  oxygenated  blood  corpuscles 
(/.  ^.,  their  oxyhxmoglobin)  are  concerned  in  the  removal  of  CO,  is  proved  by 
the  feet  that  CO,  is  more  easily  removed  from  serum  which  contains  oxygenated 
blood  corpuscles  than  from  senim  charged  with  O. 

[The  following  scheme  may  serve  to  illustrate  the  extent  to  which  diffusion 
cumes  into  play.    The  O  must  pass  through  the  alveolar  membrane,  AB — including 


218 


DISSOCIATION    OF    GASES. 


the  alveolar  epithelium  and  the  wall  of  the  capillaries — as  well  as  the  blood  plasma, 
to  reach  the  hemoglobin  of  the  blood  corpuscles.  Similarly,  the  CO,  must  leave 
the  salts  of  the  plasma  with  which  it  is  in  combination,  and  diffuse  in  the  opposite 
direction,  through  the  wall  of  the  capillaries,  the  alveolar  membrane  and  epithe- 
lium, to  reach  the  air  vesicles.     Let  AB  represent  the  alveolar  membrane  ;  on  the 

rartial  pressure  of  air  in  J      ^^a O 

alveoli  of  lung.  1         27      27+4 

A \-^ ?-B 

Tension  of  gases  in  venous        J         41  22 

blooU  of  lung.  [       CO,    ................        O 

one  side  of  it  is  represented  the  partial  pressure  of  the  CO,  and  O  in  the  air 
vesicles;  and  on  Ihc  other,  the  partial  jjressure  of  the  CO,  and  O  in  the  venous 
blood  entering  the  lung.     The  indexes  indicate  the  direction  of  diffusion.] 

Theories. — VaHous  ilieuries  bsve  been  proposed  to  account  for  ihe  expulsion  of  the  CO,  fnxn 
its  stAle  of  chemtcal  combination  in  the  blood  due  to  the  action  of  the  Dxygenated  blood  corpuvles. 
(a)  It  is  possible  thai  the  CO.^  in  the  blood  corpuKcles  (pci)iaps  untied  with  paraf^tsbulin? — 
SeijcAfMifw)  is  cxj^ellcd  by  the  C>  taken  up;  (if)  the  acid  reaction  of  the  h^erooglobin  {Prryrrf  may 
act  so  OS  |o  ek[>el  the  C<^>,  out  of  the  coq)uscles  and  the  plasma ;  (c)  by  the  ab^rption  of  O  tc^itite 
fatty  acids  may  be  formed  fmrn  the  bx-oioglobin  {Hopfe-SeyUr).  These  acids  may  act  k>  as  to 
expel  the  CO,. 

Nature  of  the  Process. — The  exchange  of  gases  between  the  blood  and  the 
air  in  the  lungs  has  been  represented  by  Donders  as  due  to  the  process  of  disso- 
ciation. 

130.  DISSOCIATION    OF    GASES.— Many   gases   form  true  ckemital 

lomfoufuis  with  other  bodies  {/.  /-.,  they  combine  according  to  their  equivalents), 
when  the  cuntact  of  these  bodies  is  effected  under  conditions  such  that  the  partial 
pressure  of  the  gases  is  high.  The  chemical  compound  formed  under  these  con- 
ditions is  broken  up,  whenever  the  partial  pressure  is  diminishtd,  or  when  it 
reaches  a  certain  minimum  level,  which  varies  with  the  nature  of  the  bodies 
forming  the  compound.  Thus,  by  increasing  and  diminishing  the  partial  pressure 
alternately,  a  chemical  compound  of  the  gas  may  be  formed  and  again  broken  up. 
This  process  is  called  dissociation  of  the  gases.  The  minimal  partial  pressure 
is  constant  for  each  of  the  different  substances  and  gases,  but  Uwpcralun^  as  in 
the  case  of  the  absorption  of  gases,  has  a  great  effect  011  the  partial  pressure  ;  wtth 
increase  of  temperature  the  partial  pressure,  under  which  dissociation  occurs, 
diminishes. 

As  an  example  of  the  dissociation  of  a  gas,  take  the  case  of  caldum  carbonate.  When  it  is  heaieil 
in  the  air  lo  440^  C,  CO,  is  given  off  from  its  stale  of  chemical  combinatioD,  but  is  taken  up  again 
and  a  chemical  compound  fonned,  which  is  changed  into  chalk  when  it  cools. 

Dissociation  in  the  Blood. — The  chemical  combinations  containing  COj 
and  those  containing  O  within  the  blood  stream  behave  in  a  similar  manner,  vii., 
the  salts  of  the  plasma,  which  are  combined  with  CO,,  and  the  oxyhaemoglobin. 
If  these  compounds  of  O  and  CO,  are  placed  under  conditions  where  the  partial 
pressure  of  these  gases  is  very  low — /".  ^.,  in  a  medium  containing  a  very  small 
amount  of  these  gases,  the  cotn|x>tnids  are  dissociated,  /.  e.y  they  give  off  COi  or 
O.  If  after  being  dissociated  they  are  placed  under  conditions  where,  owing  to 
the  large  amount  of  these  gases,  the  partial  pressure  of  O  or  of  CO,  is  high,  these 
gases  arc  taken  up  again,  and  enter  into  a  condition  of  chemical  combination. 

The  haemoglobin  of  the  blood  in  the  pulmonary  capill^iries  finds  plenty  of  O  in 
the  alveoli ;  hence,  il  unites  with  the  U  owing  to  the  high  partial  pressure  of  the 
O  in  Ihe  lung,  and  so  fonns  the  compound  oxyhasmoglobin.  On  its  course  through 
the  capillaries  of  the  systemic  circulation,  the  oxyhaemoglobin  of  the  blood  comes 
into  relation  with  tissues  poor  in  O  ;  the  oxyhaemoglobin  is  dissof  iatcd,  the  O  is 
supplied  to  the  tissues,  and  the  blood  freed  from  this  O  returns  to  the  right  beArt, 
and  passes  to  the  lungs,  where  it  takes  up  the  new  O. 
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The  blood  while  circulating  meets  with  most  CO,  in  the  tissues;  the  high  partial 
pressure  of  the  CO,  in  the  tissues  causes  the  CO.,  to  unite  with  certain  consiiiuents 
in  the  blood  so  as  to  form  chemical  compounds,  which  carry  the  CO,  from  the 
tissues  to  the  lungs.  In  the  air  of  the  lungs,  however,  the  partial  pressure  of  the 
CO,  is  very  low,  dissoci.ition  of  these  chemical  compounds  occurs  under  the  low 
partial  pressure,  and  the  CO^  passes  into  the  air  cells  of  the  lung,  from  which  it  is 
expelled  during  expiration.  It  is  evident  that  the  giving  up  of  O  from  the  blood 
to  the  tissues,  and  the  absorption  of  CO,  from  the  tissues,  go  on  side  by  side  and 
take  place  simultaneously,  while  in  the  lungs  the  reverse  processes  occur  almost 
simultaneously. 

131.  CUTANEOUS  RESPIRATION.— Methods.— If  a  man  or  an  aniinal  be  placed  ia  the 
Chambei  nf  a  Tcspiralory  apparatus  \Sihar{in^ifs,<it  2:  Ptr/firujto/er^s),  and  if  tubes  be  so  arranged 
thai  the  respiratory  gx^es  do  not  enter  the  chamber,  of  course  we  abiam  only  the  *' /trys/irij/toft "  of 
the  skin  in  the  chain1>cr.  It  is  less  utisfagtory  to  leave  the  head  of  the  penon  outside  the  chamber 
while  the  neck  is  fixed  air  tight  in  the  wall  of  the  chamber.  The  extent  of  the  cutaneous  rcsj>imtion 
of  a  limb  may  lie  ascertained  by  enclosing  it  in  an  air-light  vcmcI  {A'i^Ari^')  similar  to  that  used  for 
the  arm  in  the  picthysmograpli  (^  lui). 

Loss  by  Skin. — A  healthy  man  loses  by  the  skin,  in  24  hours,  ^V  of  his  body 

rcight  (Sequin),  which  is  greater  than  the  loss  by  the  lungs,  in  the  ratio  of  3  :  2 

la/ettfin,  184J).     Only  to  grammes — 150  grains  [SthaHtng),  or  it  may  be  3.9 

grammes — 60  grains  (.'///^^r/j,  of  the  entire  loss  is  due  to  the  CO,  given  off  by  the 

skm.     The  remainder  of  the  excretion  from  the  skin  is  due  to  water  [1^-2  lbs. 

daily]  containing  a  few  salts  in  solution.     When  the  surrounding  temp^ature  is 

used,  the  COa  is  increased  {Gfrlach)^  in   fact  it   may  be  doubled  {Aulfert); 

iolcnt  muscular  exercise  has  the  same  effect. 

O  Absorbed.— The  O  taken  up  by  the  skin  is  either  equal  to  {Regnauit  and 

Utsft),  or  slightly  less  than,  the  CO,  given  off.     As  the  CO,  excreted  by  the  skin 

only  yjj  of  that  excreted  by  the  lungs,  while  the  O  taken  in  =  j|^  of  that 

iken  in  by  the  lungs,  it  is  evident  that  the  respiratory  aciwity  of  the  sMift  is  very 

Ught.    Animals  whose  skin  has  been  covered  by  an  impermeable  varnish  die,  not 

»ra  suffocation,  but  from  other  causes  (§  225^. 

In  animais  with  a  thin,  moist  epidermis  (frog)  the  exchange  of  gases  is  much  greater,  and  in 
lem  the  akin  so  far  su[T|x>rt^  the  lung^  in  their  function,  and  may  even  partly  replace  ihem  function* 
ally.      In  oiammals  with  thick,  dry,  cutaneous  ap|»endagcs,  the  exchange  uf  gSACS  is,  oijain,  much 
itun  in  man, 

133.  INTERNAL   RESPIRATION.— Where  CO,  is   formed.— By 
jc  term  '*  internal  respiration  '*  is  under*»tood  the  exchange  of  gases  between 
the  capillaries  of  the  systemic  circulation  and  the  tissues  of  the  various  organs 
►f  the  body.    As  organic  constituents  of  the  tissues,  during  their  activity,  undergo 
idual   oxidation,  and  form,  among  other  products  CO,,  we  may   assume — (i) 
that  the  chief  focus  for  tlie  absorption  of  O  and  the  formation  of  CO,  is  to  be 
sought  for  within    the  tissues   themselves.     That   the  U   from   the  blood  in  the 
capillaries  rapidly  penetralt* s  or  diffuses  into  the  tissues  is  shown  by   the  fact   that 

I  the  blood  in  the  capillaries  rapidly  luses  O  and  gains  CO,,  while  blood  containing 
p,  and  kept  warm  outside  the  body,  changes  very  slowly  and  incompletely.  If 
portions  of  fresh  tissues  be  placed  in  defibrinated  blood  containing  O,  then  the  O 
felpidly  dlsap[)cars  [HoppeSeyUr).  Frogs  deprived  of  their  blood  exhibit  an  ex- 
biangc  of  gases  almost  as  great  as  normal.  This  (.hows  that  the  exchange  of  gases 
puiit  take  place  in  the  tissues  ihi^m^cXvL'n  (PfiUger  and  Ocrtmitnn).  If  the  chief 
oxidations  took  place  in  the  blood  and  not  in  the  tissues,  then,  during  suffuralion, 
rhtn  O  Is  excluded,  the  substances  which  use  up  O,  /.  ^.,  those  substances  which 
:t  as  reducing  agents,  ought  to  accumulate  in  the  blood.  But  this  is  not  the 
uie,  for  the  blood  of  asphyxiated  animals  contains  mere  traces  of  reducing  matc- 
lU  Kpftiiger).  It  is  difhcult  to  say  how  the  O  is  absorbed  by  the  tissues,  and 
fhac  becomes  of  it  immediately  it  comes  in  contact  with  the  living  elements  of 
the  tissues.   Perhaps  it  is  temporarily  stored  up,  or  it  may  form  certain  intertnediate 
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less  oxidized  compounds.  This  may  be  followed  by  a  period  of  rapid  formation 
and  excretion  of  CO,.  On  this  supposition,  it  is  evident  that  the  absorption  of  0 
and  the  excretion  of  CO^  need  not  occur  to  thcsimie  extent,  so  that  the  amount 
of  COj  given  off  at  any  period  is  not  necessarily  an  index  of  the  amount  of  O 
absorbed  during  the  same  period  (§  127). 

[There  are  two  views  as  to  where  the  CO,  is  formed  as  the  blood  passes  through 
the  tissues.  One  view  is  that  the  seat  of  oxidation  is  in  the  blood  itself,  and  the 
other  IS  that  it  is  formed  in  the  tissues.  If  we  knew  the  tension  of  the  gases  in 
the  tissues  the  problem  would  be  easily  solved,  but  we  can  only  arrive  st  a  knowl- 
edge of  this  subject  iniiirectiy\  in  the  following  ways]  :  — 

CO,  in  Cavities. — That  the  CO,  is  formed  in  the  tissues  is  supported  by  iIk  fact  thai  the  amoDnt 

■   CO,  ii  ' ■         "      " 

capillaries 

Pfltlger  and  Stntubiirger  found  the  tension  of  CO,  to  be.  in 

Mm.  Mm. 

ArTerial  blood.    .    .    21. a8  Hg  tennon  Hile 50.8  Hg  tennon. 

Pcriloncal  cavity  .    .    58.5       "         "  Hydrocele  floid    .    .    46.5     " 

Acid  urine     ....    68.0       "         '■ 

The  targe  amiMnt  of  CO^  in  tkestfiuidx  can  oniy  arist/rom  Utt  CO^  of  Iht  ihnut  passing  into 
them. 

Oases  of  Lymph. — In  the  lymph  of  the  ductus  ihoracicU!i  ihe  tension  of  CO^  -r^  33  4  to  37.J 
mm.  Hg,  which  is  greater  than  in  arterial  blood,  but  considerably  Itsi  than  in  venoui  Mootf  (4I A 
mm.  Hg).  \^Lua'wig  and  Hammanlett,  Tschiricw.'\  This  docs  nut  entitle  us  to  conclude  that  in 
the  tissues  from  which  the  lymph  comes  only  a  small  quantity  of  CO,  i^  formed,  but  raiher  thai  la 
the  lymph  there  is  less  attraction  for  the  CO,  formed  in  the  (itsucs  than  in  the  blood  of  the  capil- 
laries, where  chemical  forces  are  active  in  causing  it  tu  combine,  or  that  in  the  course  of  the  lon^ 
lymph  current  the  COj  is  partly  taken  back  to  the  tissues,  or  that  CO,  is  formed  in  the  blooil  itself. 
Further,  the  muscles,  which  arc  by  far  the  largest  producers  of  CO,,  contain  few  lymphatics,  never- 
theless they  supply  much  CO,  to  Ute  blood.  The  amount  of  free  "  run-fixed  "  CO,  contained  in 
the  juices  and  tissues  indicates  that  the  CO,  passes  from  lh«  tissues  it  to  the  blood ;  siill,  Prryer 
believes  that  In  venous  blood  CO,  undergoes  chemical  combination.  The  change  of  (>  and  COj 
varies  much  in  the  diflercnl  tissues.  The  muscles  are  the  most  important  org^ans,  for  in  their  active 
condition  they  excrete  a  large  amount  of  CO,,  and  use  up  much  O.  The  O  is  so  rapidly  used  ap 
by  them  that  no  free  O  can  be  pumpc<l  cut  of  muscular  tiksue  (/.  Hermann).  The  exchange  of 
gases  is  more  vigorous  during  the  activity  of  the  tissues.  Nor  are  the  salivary  glands,  kidiK>'4,  and 
pancreas  any  exception,  for  although  when  these  organs  are  actively  secreting,  the  blood  Hows  OBt 
of  the  dilated  veins  in  a  bright  red  stream,  still  the  relative  diminution  of  CO,  ii  mare  than  com- 
pensated by  the  increased  volume  of  blood  which  passes  through  these  organs. 

Reductions  by  the  Tissues, — The  researches  of  Khrlich  have  shown  thai  in  most  tissues  very 
cnergelic  reductions  take  place.  If  coloring  matters,  such  as  alizarin  blue,  indopheool  blue,  or 
methyl  blue,  !«  introduced  into  the  blood  stieani,  the  tissues  arc  colored  by  them.  Those  tissues 
or  organs  which  have  a  fMiticular  atHnity  for  < )  (i*^-,  liver,  conex  of  the  kidney,  and  lunp),  absorb 
O  from  these  pigments,  and  render  them  colorless.  The  pancreas  and  submaxillary  gland  scarcely 
reduce  them  at  all. 

{2)  In  the  blood  itself,  as  in  all  tissues,  O  is  used  up  and  CO^  is  formed.  Thw 
is  proved  by  the  following  facts :  Thai  blood  withdrawn  from  the  body  becomes 
poorer  in  t)  and  richer  in  CO, ;  that  in  the  blood  of  asphyxia,  free  from  O,  and 
m  the  blood  corpuscles  (^Afanassieff),  there  are  slight  traces  of  reducing  agents, 
which  become  oxidized  on  the  addition  of  O  {A.  Schmidt).  Still,  this  process  is 
comparatively  insignificant  as  against  that  which  occurs  in  all  the  other  tissues. 
That  the  walls  of  the  vessels — more  especially  the  muscular  fibres  in  the  walls  of 
the  small  arteries — use  O  and  produce  CO,  is  unquestionable,  although  it  is  90 
slight  that  the  blood  in  itti  whole  arterial  course  undergoes  no  visible  change. 

Ludwig  and  bis  popils  have  proved  that  CO,  ts  actually  formed  in  the  blood.  If  the  easily  oxi* 
dizablc  lactate  of  soda  lie  mixed  with  blood,  and  this  blood  be  caused  to  circulate  in  an  excised  b«t 
still  living  organ,  such  as  a  lung  or  kidney,  more  O  is  used  up  and  more  CO,  is  fonneU  than  in 
unmixed  blood  similarly  transfused. 

(3)  That  the  tissues  of  the  living  Itmgs  use  O  and  give  off  CO,  is  probable. 
When  C.  I.tidwig  and  Milller  passed  arterial  Mood  through  the  blood  vessels  of  a 
lung  deprived  of  air,  the  O  was  diminished  and  the  CO,  increased. 
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the  total  amount  of  CO^  and  O  found  in  the  entire  blood,  at  any  one  lime, 
is  only  4  grammes,  and  as  the  daily  excretion  of  CO^  =  900  grammes,  and  the 
O  abiorb-d  daily  ^^  744  grammes,  it  is  clear  that  exchange  of  gases  must  go  on 
with  great  rapidity,  that  the  O  absorbed  must  he  used  quickly,  and  the  CO3  must 
be  rapidly  excreted. 

Slill,  it  is  a  striking  fad  that  onidaiion  processes  of  such  magnitude,  as,  <■./.,  the  union  of  C  to 
romi  Co.,  occur  oi  the  reUiivcly  low  leTn[>eniture  of  the  blood  and  the  tissues.  It  has  be«n 
ftSMimcd  ifuit  the  Uood  acts  as  an  ocunc  producer,  and  transfers  this  active  fonn  of  O  to  the  tissues. 
liebig  fthowed  that  the  alkoiine  leattivn  of  most  of  the  juices  and  tissues  favors  the  process  of  oni- 
datiun.  Nomerous  organic  substances,  which  arc  not  altered  by  O  alone,  become  rapidly  oxidized 
in  the  presence  uf  free  alkalies,  f.  .^..  (gallic  aciJ,  pyrogallic  acid  and  sugar;  while  many  organic 
acids,  which  are  unolTectcd  by  ozone  alone,  are  changed  into  carlmnatcs,  when  in  the  form  of  alka- 
line salts  {Gorup-Btianei);  and  in  llie  same  way  when  ihcy  are  miroduced  iulu  llic  Liody  iu  the 
form  of  acids,  they  are  partly  or  wholly  excreted  in  the  urine,  but  when  they  are  adminiMered  as 
alkaline  compounds  ihcy  are  changed  into  carboruites. 

133.  RESPIRATION  IN  A  CLOSED  SPACE— Respiration  in  a  closed 
or  limited  space  causes — ft")  a  gradual  diminution  of  O  ;  (2^  a  simultaneous  increase 
of  CO, ;  (3)  a  diminution  in  the  volume  of  the  gases.  If  the  space  be  of  moderate 
dimensions,  the  animal  uses  up  almost  all  the  O  contained  therein  [N\'sUn\,  and 
dies  ultimately  from  s|>asms  caused  by  the  asphyxia.  The  O  is  absorbed,  there- 
fore—independently of  the  laws  of  absorption — by  chemical  means.  The  O  in 
the  blood  is  almost  corapictely  used  up  {Setschenow^  §  129).  In  a  larger  closed 
space,  the  CO,  accumulates  rapidly,  before  the  diminution  of  O  is  such  as  to 
affect  the  life  of  the  animal.  As  COj  can  only  be  excreted  from  the  blood  when 
the  tension  of  the  CO,  in  the  blood  is  greater  than  the  tension  of  CO.,  in  the 
air,  as  soon  as  the  CO,  in  the  surrounding  air  in  the  closed  space  becomes  the 
same  as  in  the  blood,  the  CO,  will  l>e  retained  in  the  blood,  and  finally  CO,  may 
fkass  back  into  the  body.  This  occurs  in  a  large  closed  space,  when  the  amount 
of  O  is  still  suflicient  to  support  life,  so  that  death  occurs  under  these  circum- 
stances (in  rabbits)  through  jjoisoning  with  CO,  causing  diminished  excitability, 
loss  of  consciousness  and  lowering  of  temperature,  but  no  .sjasms  (  Worm  MiiiUr). 
In  pure  O,  animals  breathe  in  a  normal  way  ;  the  quantity  of  O  absorbed  and 
the  CO,  excreted  is  tjuitc  independent  of  the  percentage  of  O.  so  that  the  former 
occurs  through  chemical  agency  inde|«.'ndent  of  pressure  (^Re^miult  and  Riiiet, 
Herter^  Lukjaftow).  In  closed  spaces  fille<l  with  O,  animals  died  by  reabsorption 
of  the  CO,  excreted.  Worm  Miiller  found  that  rabbits  died  after  absorbing  CO, 
equal  to  half  the  volume  of  their  body,  although  the  air  still  contained  50  per 
cent.  O,  Animals  can  breathe  <iuiie  quietly  a  mixture  of  air  containing  14.8  per 
cent.  (20.9  per  cent.  noniKil) ;  with  7  per  cent,  they  breathe  with  difficult)  ;  with 
4.5  per  cent,  there  is  marked  (lyspn<L'3;  with  3  per  cent.  O  there  is  tolerably 
rapid  asphyxia  ( /K  Miiikr\,  The  air  expired  by  man  normally  contains  14  to 
18  per  cent.  O.  .According  lo  Hempner,  mammals  placed  in  a  mixture  of  ga.ses 
poor  in  O,  use  slightly  less  O. 

DyspD«rB  occurs  when  ihe  respired  air  is  deficient  in  O,  as  well  as  when  it  is  overcharged  with 
Co,,  hut  the  dyspnira  in  the  fonner  case  is  prolonged  and  seveie;  in  the  latter,  the  respinilory 
activity  *«»on  ceases.  The  want  of  U  caiisci  a  greater  and  more  prtiloiiged  intrciRc  of  the  blood 
pressure  than  is  caus«d  by  excels  of  CO^.  Lastly,  the  consumption  of  O  in  the  body  is  less  affected 
when  the  ()  in  the  air  is  diminished  ihan  when  there  '\a  excess  of  IT)^.  If  air  containin);  a  dimin- 
utinJ  amount  of  O  lie  re&pired,  death  ii  preceded  by  violent  phenomena  of  excitement  and  s{}anns, 
rhich  are  absent  in  cases  of  death  caused  by  breathing  air  overcharged  with  CO,.  In  poisoning 
tb  Co,,  the  excretion  of  CO,  is  greatly  diminished,  while  with  diminution  of  O,  it  is  almost 
'tanged  (C  FndaUindfr  and  K.  Htrter). 

If  animals  be  supplied  with  a  mixture  of  gases  similar  to  the  atmosphere,  in 
which  N  is  replaced  by  H.  they  breathe  quite  normally  {Lavoisier  and Sfguirt) ; 
the  H  undergoes  no  great  change. 

(71.  Bernard  found  that,  when  an  animal  breathed  in  a  closed  xpace.  It  became  partially  accus- 
lufned  to  the  cor»lition.     On  placing  a  bird  under  a  bell-jar,  it  lived  several  hours ;  but  if  several 
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hours  before  Us  death  another  bird  fresh  from  the  enter  air  were  placed  under  the  same  be1)-)ir»1 
second  bird  died  at  once,  with  convulMons. 

Frogs,  when  placer!  (nr  several  houre  in  air  devoid  of  O,  give  off  just  as  mach  CO,  a*  in  air 
containing  O.  and  they  do  thU  without  any  obvious  disturbance  {PftQ^er,  Auhtrt).  Hence,  it 
appeals  that  the  formation  of  CO,  is  independent  of  the  alAorption  of  O,  and  the  <.'.0.^  mart  be 
formed  From  ihc  decomposition  of  other  compounds.  Ultimately,  however,  complete  molpr  paraly< 
sis  occurs,  while  the  circulation  remains  undisturbed  {Aubert). 

[134.  DYSPNCEA  AND  ASPHYXIAO-TThe  causes  of  dyspnoea  have 
already  been  referred  to  |§  111},  and  those  of  asphyxia  are  referred  to  in  detail 
in  ^  368.  If  from  any  cause  an  animal  be  not  supplied  with  a  due  amount  of  air, 
normal  respiration  becomes  greatly  altered,  passing  throtigh  the  phases  of  hyper- 
pnoea,  or  increased  respiration,  dyspnoea  or  difficulty  of  breathing  to  the  final 
condition  of  suffocation  or  asphyxia.  The  phenomena  of  asphyxia  may  be 
developed  in  an  animal  by  closing  its  trachea  by  means  of  a  clamp,  and  in  lact 
by  any  means  which  prevent  the  entrance  of  air  or  blood  into  the  lungs. 

The  phenomena  of  asphyxia  arc  usually  divided  into  several  stages  :  i. 
Dtiring  the  first  stage  there  is  hyperpnrea,  the  respirations  being  deeper,  more 
frequent  and  labored.  The  extraordinary  mtiscles  of  respiration — both  those  of 
inspiration  and  expiration — referred  to  in  §  118  are  called  into  action,  the  condi- 
tion of  dyspnoea  being  rapidly  produced,  and  the  struggle  for  air  becomes  more 
and  more  severe.  During  this  time  the  oxygen  of  the  blood  is  being  used  up,  the 
blood  itself  is  becoming  more  and  more  venous.  This  venous  blood  circulating 
in  the  medulla  oblongata  and  spinal  cord  sltmulates  the  respiratory  centres,  thus 
causing  these  violent  respirations.  This  stage  usually  lasts  about  a  minute,  and 
gradually  gives  place  to — 

2.  The  second  stage,  when  the  inspiratory  muscles  become  less  active,  while 
those  concerned  in  labored  expiration  contract  energetically,  and,  indeed,  almost 
every  must  le  in  the  body  may  contract ;  so  that  this  stage  of  violent  expiratory 
efforts  ends  in  general  convulsions.  The  convulsions  arc  due  to  stimulation  of  the 
respiratory  centres  by  the  venous  blood.  The  convulsive  stage  is  short,  and  is 
usually  reached  in  a  little  over  one  minute.     This  storm  is  succeeded  by — 

3.  The  third  stage,  or  stage  of  exhaustion,  the  transition  being,  usually, 
somewhat  sudden.  This  condition  is  brought  about  by  the  venous  blood  acting 
on  and  paralyzing  the  respiratory  centres.  The  pupils  are  widely  dilated,  con- 
sciousness is  abolished,  and  the  activity  of  the  reflex  centres  is  so  depressed  that 
it  is  impossible  to  discharge  a  reflex  act,  even  from  the  cornea.  The  animal  lies 
almost  motionless,  with  flaccid  muscles,  and^  to  all  appearance,  dead ;  but  every 
now  and  again,  at  long  inten-als,  it  makes  a  few  deep  inspiratory  efforts,  showing 
that  the  respiratory  centres  are  not  quite,  but  almost,  piratyzed.  Gradually,  the 
pauses  become  longer  and  the  inspirations  feebler  and  of  a  gasping  character.  As 
the  venous  blood  circulaies  in  the  spinal  cord,  it  causes  a  large  number  of  muscles 
to  contract,  so  that  the  animal  extends  its  tnmk  and  limbs.  It  makes  one  great 
inspiratory  s(>asm,  the  mouth  being  widely  open  and  the  nostrils  dilated,  and 
ceases  to  breathe.  After  this  stage,  which  is  the  longest  and  most  variable,  the 
heart  becomes  paralyzed,  partly  from  being  over-distended  with  venous  blood, 
and  partly,  perhaps,  from  the  action  of  the  venous  blood  on  the  cardiac  tissues, 
so  that  the  pulse  can  hardly  be  felt.  To  this  pulseless  condition  the  tenn 
*'  asphyxia"  ought  properly  to  be  jipplied.  In  connection  with  the  resuscitation 
of  asphyxiated  persons,  it  is  important  to  note  that  the  heart  continues  to  beat 
for  a  few  seconds  after  the  respiratory  movements  have  ceased. 

Tlie  whole  series  of  phenomena  occupies  from  3  to  5  minutes,  according  to  the 
animal  o|>erated  on,  and  depending,  also,  upon  the  suddenness  with  which  the 
trachea  was  closed.  If  the  cause  of  sufl'bcation  act  more  slowly,  the  pheaonaena 
are  the  same,  only  they  are  developed  more  slowly. 

The  Circulation, — The  post-mortem  appearances  in  man  or  in  an  animal  are 
generally  well   marked-     The  right  side  of  the  heart,  the  pulmonary  artery,  the 
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^^WTiK  cavae  and  the  veins  or  the  neck  are  engorged  with  dark  venous  blood.  The 
left  side  is  rotni>arative1y  empty,  because  the  r/),vr  mortis  of  the  left  side  of  the 
heart,  and  the  elastic  recoil  of  the  systemic  arteries,  force  the  blood  toward  the 
systemic  veins.  The  blood  itself  is  almost  black,  and  is  deprived  of  almost  all 
its  oxygen,  its  hemoglobin  being  nearly  all  in  the  condition  of  reduced  hremo- 
globin,  while  ordinary  venous  blood  contains  a  considerable  amount  of  oxyhie- 
moglobin  as  well  as  reduced  Hb.  The  blood  of  an  asphyxiated  animal,  practically, 
contains  none  of  the  former  and  much  of  the  latter. 

It  is  important  to  study  the  changes  in  the  circulation  in  connection  with  the 

Ratward  phenomena  exhibited  by  an  animal  during  suffocation. 
We  may  measure  the  blood  pressure  in  any  artery  of  an  animal  while  it  is  lieing 
^hyxiated,  or  we  may  open  its  chest,  maintain  artificial  respiration,  and  place  a 
kanometer  in  a  systemic  artery,  e.g.^  the  carotid,  and  another  in  a  branch  of  the 
Olraonary  artery.  In  the  latter  case,  we  can  watch  the  order  of  events  in  the 
heart  itself,  when  the  artificial  inspiration  is  interrupted.  It  is  well  to  study  the 
events  in  both  cases. 

If  the  blood  pressure  be  measured  in  a  systemic  artery,  e.g,,  the  carotid,  it  is 
found  that  the  blood  pressure  rises  very  rapidly  and  to  a  great  extent  during  the 
first  and  second  stages;  the  pulse  beats  at  first  are  quicker,  but  soon  become 
slower  and  more  vigorous.  During  the  third  stage  it  falls  rapidly  to  zero.  The 
great  ruse  of  the  blood  pressure  during  the  first  and  second  stages  is  chiefly  due 
to  the  action  of  the  venous  blood  on  the  vasomotor  centre,  causing  constriction 
of  the  small  systemic  arteries.  The  peripheral  resistance  is  thus  greatly  increased, 
and  it  tends  to  caase  the  heart  to  contract  more  vigorously ;  but  the  slower  and 
more  vigorous  beats  of  the  heart  are  also  partly  due  to  the  action  of  the  venous 
blood  on  the  cardioinhibitory  centre  in  the  medulla. 

If  the  second  method  be  adopted^viz.,  to  open  the  chest — keep  up  artificial 
respiration,  and  measure  the  blood  pressure  in  a  branch  of  the  pulmonary  artery, 
as  well  as  in  a  systemic  artery — e.g.^  the  carotid — we  find  that  when  the  artificial 
respirition  is  stopped,  in  addition  to  the  rise  of  the  blood  pressure  indicated  in 
the  carotid  manometer,  the  cavities  of  the  heart  and  the  large  veins  near  it  are 
engorged  with  venous  blood.  There  is,  however,  but  a  slight  comparative  rise  in 
the  bluod  pressure  in  the  pulmonary  artery.  This  may  he  accounted  for  either  by 
the  pulmonary  artery  not  being  influenced  to  the  same  extent  as  other  arteries,  by 
ihc  vasomotor  centre,  or  by  its  greater  distcnsibility  (Z/VAM.'m— compare  §88). 
But  as  the  heart  itself  issupplicd  through  the  coronary  arteries  with  venous  blood,  its 
action  soon  becomes  weakened  ;  each  beat  becomes  feebler,  so  that  soon  the  lelt 
veniricle  ceases  to  contract,  and  is  unable  to  overcome  the  great  peripheral  resist- 
ance in  the  systemic  arteries,  although  the  right  ventricle  may  still  be  contracting. 
As  the  blood  becomes  more  venous,  the  vasomotor  centre  becomes  paralyzed,  the 
small  systemic  arteries  relax,  and  the  blood  flows  from  them  into  the  veins,  while 
the  blood  pressure  in  the  carotid  manometer  rapidly  falls.  The  left  ventricle, 
now  relieved  from  the  great  internal  pressure,  may  execute  a  few  feeble  beats,  but 
they  (an  only  be  feeble,  as  its  tissues  have  been  subjected  to  the  action  of  the  very 
impure  blood.  More  and  more  blood  ai^cinimlatcs  in  the  right  side,  from  the 
causes  already  mentioned.  The  violent  inspiratory  efforts  in  the  early  stages 
mspirate  blood  from  the  veins  toward  the  right  side  of  the  heart,  but,  of  course, 
this  factor  is  absent  when  the  chest  is  opened.] 

[Convulsions  during  asphyxia  occur  only  in  warm-blooded  animals,  and 
not  in  frogs.  If  a  drug  when  injected  into  a  mammal  excites  convulsions, 
but  docs  not  do  so  in  the  frog,  then  it  is  usually  concluded  that  the  convulsions 
are  due  to  its  action  on  the  circulation  and  respiration,  and  not  to  any  direct 
simulating  effect  ui>on  the  motor  centres.  Hut  if  the  drug  excite  convulsions 
both  in  the  mammal  and  frog,  then  it  probably  acts  directly  on  the  motor 
centres  (^Brunton).'\ 
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f  Recovery  from  the  Condition  of  Aspbyxia. — If  the  (rachca  of  a  dog  be  clo»e<l  »<Mettljr 
and  completely,  ihe  average  duration  of  the  respiraiory  movi-ments  is  4  minutes.  3  seconit^,  while 
the  heart  cominues  to  beat  for  about  7  minutes.  Recovery  may  be  obtained  if  proper  means  be 
adopted  before  the  heart  ceases  to  beat :  but  afier  this,  never.] 

[If  a  dog  be  drowned,  the  result  i«  different.  After  complete  subtnerBion  for  tyi  ninaics, 
recovery  did  not  tatvc  place.  In  the  case  of  drowning,  air  passes  oui  of  the  chest,  and  water  b 
infi|Mred  into  and  tilh  the  air  vesicles.  It  is  rare  fur  recovery  to  take  place  in  a  person  deprived  of 
air  for  more  than  live  minutes.  If  the  statements  of  sponge  divers  arc  to  be  trusted,  a  person  may 
become  accustomed  to  the  de[«rival  of  air  for  a  longer  time  than  usual.  In  cases  where  recovery 
takes  place  after  a  much  longer  periwi  of  submcr^^ion,  it  has  ticcn  su^^ested  that,  in  these  cates, 
syncope  occurs,  the  heart  beats  but  feebly  or  not  at  all,  fo  that  the  oxygen  in  the  blood  is  rwt  used 
□p  with  the  Mime  rapidity.  It  is  a  well  known  fact  that  newly-born  and  young  pu(^cfican  be  sub* 
mcri^cil  for  a  long  lime  before  they  are  suffocated.] 

Artificial  Respiration  in  Asphyxia. — In  cases  of  suBi>ended  ammnilon,  a ri^aa/  reifrratitn 
tausl  \}c  perfurtncd.  The  tln>t  thing  to  be  done  i*  to  remove  any  foreign  sobstance  from  the 
respimtury  pn^sa^tes  (mucus  or  (cdemaiaus  fluids)  in  the  newIy4>om  or  a.<;phyxiated.  In  doubtful 
cases,  open  the  trachea  and  suck  out  any  duid  by  means  of  an  elastic  catheter  (v.  Iluter).  Recourte 
must  in  all  caic*  be  had  to  artificial  r.- spiral  ion.  There  are  several  mctllwU  of  dilating  ind  com- 
pre^sinp  the  chest  so  as  to  cause  an  exchange  of  gases.  One  method  is  to  compress  the  clicM 
rhythmically  with  the  hand*. 

[Marshall  Hall's  Method.— "  After  clearing  the  mouth  and  throat,  place  the  patient  on  ibe 
face,  raising  and  supporting  the  chest  wall  on  a  folded  coat  or  other  article  of  dress.  Turn  the 
body  very  gently  on  the  side  and  a  little  bcyund,  and  tlien  briskly  on  the  face,  back  again,  rrpcai< 
ing  these  measures  cautiously,  efficiently  and  i>er*eveiingly,  about  fifteen  times  in  the  minute,  or  once 
every  four  or  Hve  seconds,  occasionally  varying  the  ^idc.  By  placing  the  patient  on  the  chest,  the 
weight  of  the  body  forces  the  air  out ;  when  turned  on  the  side,  this  pressure  is  removed,  and  air 
enters  the  chest.  ()n  each  occa.sion  that  the  IkxIv  is  replaced  on  the  face,  make  uniform  but  eft- 
cient  pressure  with  bri-k  movement  on  the  back  between  and  Ixlow  the  shoulder-blades  or  boncsoa 
each  side,  removing  the  pressure  immediately  tiefure  turning  the  body  on  the  side.  During  the 
whole  of  the  op-ratinns  let  one  person  attend  solely  to  the  movemcpts  of  the  head  and  of  the  arm 
placed  under  it.'] 

[Sylvester's  Method. — ^"  Place  the  patient  on  the  back  on  the  flat  surface,  inclined  a  little 
upward  from  the  feet ;  raise  and  support  the  head  and  shoulder;  on  a  small,  (tnn  cushion  or  folded 
irticlc  of  dress  placed  under  the  shoulder-blades.  Draw  forward  the  patient's  tonfjue,  and  keep  i| 
projecting  IkvoiuI  the  lips;  an  elastic  band  over  the  t/^ngiie  and  under  the  chin  will  answer  this 
pnrp<»se,  or  a  piece  of  string  or  tape  may  be  tied  around  them,  or  by  raising  the  lower  jaw,  the 
teeib  may  ht  made  to  retain  the  tongue  in  that  position.  Remove  all  ughi  clothing  frum  abuol  (lie 
neck  and  chest,  especially  the  braces." 

"  7c  Imittite  fhe  Miwfments  of  Brtathinf^. — Standing  at  the  patient's  head,  grasp  the  arma  jasi 
above  the  elbows,  and  draw  the  arms  gently  and  steadily  upward  alfove  the  heail,  and  ktrp  thrm 
Uretched  \x^yfaj^  for  two  seconds,  liy  this  means  air  is  drawn  into  the  lungs.  Then  turn  down 
the  patient's  anns  and  press  them  gently  and  firmly  for  two  scconda  against  the  sides  of  the  chest. 
By  this  means  air  is  pressed  out  of  the  lurigs.  Repeat  these  measures  alternately,  delit>erately  and 
perseveringly,  about  litieen  limes  in  a  minute,  until  a  !^ntaneou9  effort  to  respire  is  perceired, 
immcdiat^'ly  upon  which  cease  to  imitate  the  luuvemcnis  of  breathing,  and  proceed  to  inJu<e  drru' 
laUon  and  ivitrmth.^''\ 

Howard  advises  rhythmical  compression  of  the  chest  and  ab<li)men  by  sitting  like  a  rider  astride 
of  the  body,  while  SchUller  advises  that  the  lower  nbs  be  sci/ed  from  above  v>\\\i  both  hands  and 
raised,  whereby  the  chest  is  dil-nted,  especially  when  the  thigh  is  pressed  against  the  alulomcn  to 
compress  the  abdominal  walls.  The  chest  is  compres.sed  by  laying  the  hands  flat  upon  the  hypo- 
chondria. AiiiticiBl  respiraiion  acts  favorably  by  supplying  O  to,  as  well  as  removing  Ct>,  from, 
the  blood  ;  further,  It  aids  the  movement  of  the  bluod  within  the  heart  ai>d  in  the  large  vc«cU  of 
the  thorax.  If  the  aaion  of  the  heart  ha^  ceased,  recovery  is  impn&sible.  In  asph)*xiatcd  newlj- 
^>oril  chitdrcti,  we  must  not  cease  to  perform  artiticial  respiration  too  soon.  Even  when  the  rrtttU 
appears  hoptlcss,  we  ought  to  persevere.  Pfliiger  and  Zunt7  obser^-ed  that  the  reflex  excitability  of 
tlie  fix'tal  heart  continued  for  irveral  houn  after  the  death  of  the  mulber. 

Resuscitation  by  compressing  the  heart. — b6hm  found  that  in  the  case  of  cats  poiioncd  with 
potash  salts  or  chloroform,  or  asphyxiated,  so  as  to  arrcnt  rispiralton  and  the  action  of  the  hran — 
even  for  a  j^eriod  of  forty  minutes — and  even  when  the  pressure  within  the  caroiid  had  fallen  lu 
zero,  he  could  rc-tore  animation  by  rhytkmieat  (ompreaion  0/  ihe  kearf,  combined  with  artificial 
respiration.  The  compression  of  the  heart  causes  a  slight  movement  of  the  blood,  while  it  acts  at 
Ihe  same  lime  as  a  rhythmical  cardiac  stimulus.  After  recovery  of  the  respiration,  the  reflex  excit- 
ability is  restored,  and  gradually  also  voluntary  movemcnLs.  The  animals  are  blind  fur  so'eral 
dayK,  the  brain  acts  slowly,  and  the  uiiiie  cunlainx  sugar.  These  experiments  show  bow  iitifiunant 
it  i*  in  ciMfs  <if  ;i^i>hy)iia  to  act  at  the  same  lime  ui  "n  the  heart. 

For  pbysioiogical  purposes,  arlihcial  respiration  is  oficn  made  use  of,  especially  after  poisoning 
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lib  c«r»nu     Air  is  forrtii  into  the  lungs  by  means  of  an  flasiic  bag  or  Itellnws,  nttncheil  to  a 
mala  tied  in  the  trachea.     The  cannula  has  a  small  opening  in  the  side  of  it  to  allow  the  expired 
«tr  to  csCApc. 

Pathological. — After  the  lungs  have  once  been  properly  fliittemled  with  air,  il  is  imixjssJhle  l)y 

any  amount  of  direct  compresaion  of  them  to  get  rid  of  all  the   air.     This  \%  |rrobably  due  to  the 

"     rssure  acting  on  the  small  bronchi,  so  as  to  squeeze  them,  before  the  air  can  be  forced  out  of  the 

vesicles.     If,  however,  a   lung  he  fillc«l   with   CO,,  and  t»e  suxpemled   in  water,  the  CO,   i« 

irbed  by  the  water,  and  the  lungs  become  quite  free  from  air  and  are  atelectic  ( Hfrmann  and 

'elltr).     The  atelectasis  which  sometimes  occurs  in  the  lung  may  thus  be  explained:   If  a  bron- 

'chos  is  stopped  with  mucut  or  exudation,  an  accumiilalinn  nf  C()^  in  the  air  vcucli^s  belonging  to 

this  bronchus  occurs.     If  this  CO,  is  absorl>ed  by  the  blood  or  lymph,  the  corres^wmding  area  of  the 

Lung  will    become  ateleciic.     Sometimes  there  is  s|ULsm  of  the  respiratory  muscles,  brought  al>out 

direct  or  reflex  stimulation  of  the  rcspiralnry  ccnlre. 

135.  RESPIRATION    OF   FOREIGN    GASES,  AND   ABSORPTION   BY    THE 

L.UNGS. — N'o  gas  wiihout  a  sufficieni  admixture  of  O  can  support  life.  Even  with  completely 
innocuous  and  indifferent  gases,  if  no  O  be  nu%cd  with  chcm,  they  cause  sulTocalion  in  2  to  j 
minntcs. 

I.  Completely  indifferent  Gases  are  N,  H,  CH^.  The  living  blood  of  an  animal  breathiog 
these  gases  yicltls  no  O  lo  them  (F/iH^'er), 

II.  Poisonous  Gases. — {a)  ITiosc  that  diiplace  O,  and  form  a  permanent  stable  compound 
with  the  h.Tmoglobin — (i)  CO  {\  16  and  17).  (2)  CNH  (hyflrocyanic  acid)  displace*  (?)  O  from 
hrcmoglobiu,  with  which  it  forms  a  more  stable  compound  ami  kills  exceedingly  rapidly.     It  prevents 

being  changed  into  oxone  in  the  bloud.     Blood  corpuscles  chii^cd  with  hydrocyanic  acid  lose 
le  property  of  dccompoMng  hydric  peroxide  into  water  and  O  (J  t?,  5). 
(^)  Narcotic  Gases. — \i)  CO,— v.  I'cucnkofer  cbaractcri2cs  air  cuntainiDg  O  with  j  percent. 


Fig.  143. 
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CUiaud  cpJtheliuni  Trom  the  larynx  ori  hone  ( Taldt),  (ite  Fljg.  135). 

COj  a5**)Htd  wr;"  still,  air  in  a  room  containing  this  amount  of  CO^  produces  a  disagreeable  feeling 

rather  from  the  impudiies  mixed  with  it  than  from  the  actual  amount  of  OJ,  itself.     Air  containing 

I  per  cent.  CO^  produces  decided   discomfort,  and  with  lu  |)er  cent,  it  endangers  life,  while   Urger 

^aounints  cause  death  with  symptoms  of  coma.     (2)  NjO  (nitrous  oxide|  respired,  mixed  with  i 

>Iuine  O,  causes,  after  l  to  3  minutes,  a  short  temporary  stage  of  excitement  ("  Laughing  gas"  oT 

[.  Davy),  which  is  succeeded  by  unconsciousness, and  afterwarfl  by  an  increased  excretion  of  CO^. 

;)  Oi'mized  air  causes  similar  eUccis  [Biri:). 

(t)  Reducing  Gases.— (i)  HjS  (sulphuretted  hydrogen)  rapidly  robs  blood  corpuscles  of  O, 
anid  HjfJ  being  formed,  and  death  (xrcurs  rapidly  before  the  gas  can  decompose  the  luemoglobin 

(2)  I'M,  — rhosphuretted  hydrogen  is  oxidised  in  the  blood  to  form  phosphoric  acid  and  water, 
ith  dccumpositiun  of  the  harmoglobin  [/}yf'iL<7ifsii,  Koschtakoff,  and  Fopoff). 

(3)  AsH,,  arscmurettcd  hyilrogcn  and  SbH,,  antimoniurettcd  hydrogen,  act  like  PH,,  but,  in 
tdition,  the  hivmoglobin  passes  out  of  the  stroma  and  appears  in  the  urine. 

(4)  C,N'j.  cyanogen,  absorbsO,  and  decomposes  the  blood  \  Rozenthat  and  Laickkrwitstk). 
111.  Irreapirable  Gases,  1.  ^.,  gates  which,  on  entering  the  Iar>-ax,  cause  reflex  spasm  of  the 
ths.     Whcti  introduced  into  the  trachea  they  cause  inrtammnrinn  and  death.     Under  ihLs  category 

imc  hydrochloric,  hydraHuoiic.  sulphurous,  nitrous,  and  nitric  acids,  ammonia,  chlorine,  fluorine, 

111  u/one. 

Absorption  takes  place  almost  immediately  through  the  lungs  (strychnia,  cumra.  potossic  nitrate), 
'  far  more  rapidly  than  by  injection  under  the  skiu.     Colloids  ore  absorbed  more  slowly  {^Feiptr). 

136.  ACCIDENTAL  IMPURITIES  OF  THE  AIR.— Dust  Particles.— .^mong  these 

re  (lu»t  p.-inicle%,  which  occur  in  cnaminus  amount  suspended  in  the  air, anil  thereby  aa  injuriously 
Ipon  the  respiratory  uf^ans.  The  ciliated  epithelium  of  the  respiratory  |)assagcs  eliminates  a  large 
txuinber  of  them  (Hg.  143)-     Some  of  them,  however,  reach  the  air  vesicles  of  the  lung,  where  they 
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penetrate  the  e[>ilheHum.ieaLii  llie  inlerytiliul  lung  tissue  and  lymplmtics,  and  uj  pass  with  the  Ijrmph 
Mream  into  the  bronchial  gland*.  Particle*  of  ^oaiot  cA<irron/  are  Tound  in  the  lungs  of  all  ^Idmjr 
individuals,  and  blacken  tlie  alveoli.  In  moderate  amoant  these  black  parltcln  do  not  keem  in  do 
any  harm  in  the  tissues,  but  wlicii  there  are  large  accumulations  they  give  iim-  to  lun|>  afiectioos, 
which  lead  lo  diftintegratinn  of  these  organs.  [In  coal  miners,  for  example,  the  lung  tis&ues  along 
the  track  of  the  lynipholic&  and  in  the  bmnchial  glands  arc  t]uite  black,  constituting  "coal  mitien' 
lung."]  Ill  many  trades  various  particles  occur  in  the  air;  miners,  grindtris,  sioite- masons,  file- 
makers,  wcaven,  spinnen,  tokicco  manufacturers,  millers,  and  hakers.  suffu-r  fmm  lung  afi'cciioDs 
c«u*cd  Iry  the  inlroduciion  of  particles  of  variouik  kinds  inlialed  during  the  time  ihcy  arc  ai  work- 
Germs. — 'riiere  seems  no  doubt  that  the  seeds  of  some  contagious  discn>>e^  may  be  inhaled. 
iJtphtheritic  bacteria  (Micrococciu^  diphil  eriiicus — 8/r/tr/)  become  localized  in  (he  pharynx  and  in 
the  larynx— glanders  in  the  nose  (5lA«/j  ani/  /.oj^frj—mcasUi  in  the  bronchi— whuopiog  cough 
in  the  broDclu  — liny  monnils  Ui  the  no&e— the  cocci  of  pulmonary  innainmation  (A'.VAr,  Leiekim- 
stem)  in  ihc  pulmnnory  alveoli.  'I'uberculnsis,  according  to  k.  Koch,  ii  due  to  the  inltoilactian 
and  development  of  the  Bacillus  tubercLlosis  in  the  lungs;  the  bacillus  being  derived  from  the  duit 
of  tubrrculaus  nputa.  I'he  same  seems  to  l>e  the  ca<;e  with  the  Bacilluii  of  leprosy  [//artseH).  aod 
wiih  Hacillu-i  in.ilaria:,  which  U  the  cause  of  malaria  {A'ltbs  and  Tpmasj-Crudelt).  The  biter 
organism  thus  reaches  the  blootl;  it  changes  the  Hb  within  the  red  biood  cor})uscles  iolo  tnelauiB 
U  '°*  3)*  ^"'^  caiucs  them  to  break  up  {Afarchia/ai/a  and  Celli).  The  exciter  of  unallpox  i  Mict& 
cocctu  vacciiue]  gains  access  to  the  blood  in  the  same  way  (AV^r,  /S6S)t  oUo  the  SptriUuni  of 
remittent  fever  (Fig.  20— O^ermti/r,  /J73),  the  microbe  of  scarlet  fever,  etc. 

Sctds  of  disease  jwus  into  the  mouth  along  with  air,  and  alM>  with  the  food,  are  swallowed,  and 
undergi>  devclupuiciit  in  the  iiitc&linal  tract,  as  Is  probably  the  case  in  cholera  (Cuinnia  Lncillus  ol 
/i.  A'oi/t),  [although  that  this  bacillus  is  the  catue  of  cholera  is  questioned  by  Klein  and  L*ihl>es]; 
dysentery  and  typhoid  [Ebertkt  A'/ebs),  and  in  anthrax  which  is  due  to  Bacterium  anthracis  (F^ 
2\~VoUfnder,  jSj^). 

J37.  VENTILATION  OF  ROOMS.—Fresh  Air  and  Cubic  Space.— Fresh  air  is  xs 
necessary  for  the  healthy  as  for  the  sick.  Ever)-  healthy  person  ought  to  have  a  cubic  space  of,  M 
the  very  Icnsi,  800  cubic  feet, and  every  sick  person  at  the  very  least  looo  cubic  feel  of  space.  [The 
cubic  apace  allowed  per  individual  vanes  greatly,  but  1000  cubic  feet  is  a  fair  average.  If  the  sir 
io  thts  space  is  to  be  kcpl  sweet,  so  that  the  CO,  docs  not  exceed  .06  per  cent.,  3000  cubic  feet  of 
air  per  hour  must  be  supplied,  /.  f.,  the  air  in  llie  space  must  be  rencwetl  three  times  per  h»mt.] 

In  lYusKia,  in  barracks,  420-500  cubic  feet  ore  allowed  for  every  soldier,  for  hospiul,  600-720; 
in  England  600  cubic  feci  per  bead. 

[Floor  Space. — It  is  equally  important  to  secure  sufficient  floor  space,  and  this  ts  especially  the 
case  ill  ho&pitaU.  If  possible,  100-120  square  feet  of  tloor  space  ought  to  be  i>rovided  fur  each 
|iatienl  in  a  hut-pital  ward,  and  if  it  is  obtainable  a  cubic  space  of  1500  cubic  feet  {/\trjtes).  In  all 
caiies  the  minimum  floor  space  should  not  be  le»s  than  j'j  of  the  cubic  &pace.] 

Overcrowding. — When  there  is  overcrowding  in  a  room  the  amount  of  CO^  Increaies.  v.  Pcf- 
tenkofcr  fuuiid  the  normal  amount  of  CO,  (.0410  .05  per  lOOo)  incicased  in  comfortable  rooms  lo 
0.54-0.7  per  tooo;  io  badly  ventilated  sick,  chomlwrs  ^:?  2.4 ;  in  overcrowded  auditoriums,  3.1:  in 
pits  ^=  4.9 ;  in  .tchool  rooms,  7.3  per  1000.  Although  it  is  ttot  the  quantity  of  Co,  which  makes  the 
air  of  an  overcrowded  room  injurious,  but  ttie  excretions  from  the  outer  and  inner  surfaces  of  the 
body,  which  give  a  distinct  odoi  to  the  air,  quite  recognliable  by  the  sense  of  smell,  Uill  the  ■raovttl 
of  COj  IS  taken  as  on  index  of  the  presence  and  amount  ol  these  other  deleterious  »ulatanccft. 
Tlie  tgucstioii  as  to  whether  the  ventilation  of  a  room  ur  ward  occupied  by  persons  is  sufticicut,  b 
ascertained  l*y  estimating  the  amouut  of  CO,.  A  room  which  does  not  give  a  disagreeable,  hmuc- 
what  stutTy,  odor  has  le^  than  0.7  per  1000  of  COj,  while  the  veiudation  is  ccnauUy  insuthocnt  tf 


the  CO. 


I  )<cr  1000. 


As  the  ah  contains  only  0.0005  cubic  metre  CO,  in  1  cubic  tnetre  of  air,  and  as  an  adcdl  produces 
hourly  0.0336  cubic  metre  CO,,  calculation  shows  that  every  person  ir|uires  tij  cubic  meocsoC 
fresh  air  per  hour,  if  the  CO,  is  not  to  exceed  0.7  per  lOOO:  for  0.7:  1000  =  (0uO2i6 -i-arX 
0.0005):  .r,  i.t.,x  —  113. 

[Vitiating  Products. — In  a  state  of  repose,  an  adult  man  gives  off  from  12  to  16  cubic  feet  of 
COj  m  twenty  four  hours,  or  on  an  average  .6  cubic  feet  per  hoar.  To  this  must  be  added  a  ccnsia 
quantity  of  organic  matter,  which  is  extremely  deleterious  to  health.  While  the  CO,  diffuses 
feadily  and  \s  easily  disponed  of  by  opening  the  window^,  this  ts  not  the  case  with  the  orgamc 
matter,  which  adheies  to  clothing,  curtains,  and  furniture ;  hence,  to  get  rid  of  it,  a  ruom.  and  espe- 
cially a  steeping  apartment,  requires  to  be  well  aired  for  a  long  time,  together  with  tbe  free  admisstua 
of  sunlight,  lu  considering  the  problem  uf  ventilation,  we  must  also  remember  that  an  aduh  gives 
off  from  25  to  40  01.  of  water  by  the  skin  and  lungs.  I'he  nature  of  the  organic  matters  is  not 
precisely  kttown,  but  some  of  it  is  paniculate,  consuting  of  epithelium,  fatty  matters,  and  organic 
vapors  from  the  lungs  and  mouth  \Parkei).  It  blackens  sulphuric  acid,  and deooloeixes  a  weak 
ii'lutivm  u(  potassic  ^•ermanganate.  As  a  test,  if  we  expire  through  distilled  water,  and  this  water 
be  set  aside  for  some  ume  in  a  warm  place,  it  will  soon  become  latid.] 

[We  mmt  also  take  into  consideration  the  products  of  combustion  ;  thus  1  cubic  foot  of  coal 
gas,  when  tMimed,  destroys  all  tbe  O  in  S  cubic  feet  of  air  s^Pmrktt).\ 
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Tethods. — In  ordinary  rooms,  where  every  person  is  allowed  the  necessary  cubic  space  (looo 
cubic  iceti  the  air  is  sulticiciitly  renewed  by  means  of  Oie  (Kircs  in  the  wnlls  nf  the  ro-Jm,  tiy  the 
r4>{>ctuug  and  shutting  of  door\,  and  by  the  lireplncc,  provided  the  damper  ijt  kept  npcn. 

It  U  most  important  to  notice  that  (he  natural  vcniilalion  be  not  tnierlered  « li  h  by  dampness  of  the 
rAils,  for  this  intlucnces  the  pores  very  greatly.  At  the  same  time,  damp  walls  arc  injurious  tu 
-alth  by  cnndncting  away  heal,  and  in  them  the  germs  of  infectious  diseases  may  develop  {ZrMt/< 

r)- 
[Natural  Ventilation.— By  this  term  is  meant  the  ventilation  brought  about  by  the  ordinary 
)rcc&  acting  in  nature;  such  as  ditTusion  nf  gancs,  the  action  nf  wimU,  and  the  movements  excited 
twing  tn  the  dilTcrcnt  densities  of  otr  at  unequal  icmperoiures.] 

[Artihcial  Ventilation. — Various  niethotls  are  in  use  for  ventilnting  pitblic  buildings  and  dwell- 
ig  houses.  Two  principles  are  adiipted  iVir  the  furmer,  vi/,.,  extraction  and  propulsion  of  air. 
In  the  former  method  the  air  is  sucked  out  of  the  rooms  by  a  C&n  or  other  apparotusi,  while  in  the 
lleiter  air  is  forccti  into  the  r(x>m<«,  the  air  being  previously  heated  to  ihe  necessary  teniperaiiire.} 
[A  very  convenient  method  of  introducing  air  into  a  room,  is  by  means  of  Tobin's  tubes, 
taoed  in  the  walls.  The  air  enters  Ihrnugh  these  tubes  from  the  outside  near  Uie  lluor,  nnd  is 
earned  up  six  or  mure  feet,  to  an  opening  in  the  wall ;  the  cchjI  air  thus  descends  slowly.  For  a 
sitluig  room  s  convenient  plan  ol  window  ventilation  is  that  uf  H.  Biid,  vit.:  Raise  the  lowtr 
sash  and  place  under  it.  so  as  to  bll  up  the  openmg,  a  piece  of  wood  3  or  4  inches  hi^h.  Air  will 
then  pass  in,  in  an  upwar<l  direction,  between  the  upper  pin  of  the  lower  sash  frame  and  the  lower 
in  of  the  upi>cr  one.] 

138.  FORMATION  OF  MUCUS  IN  THE  RESPIRATORY  PAS- 
SAGES— SPUTUM. — The  respiratory  mucous  membrane  is  covered  normally 
with  a  thin  layer  of  mucus  (Fig.  125).  By  il5  presence  this  substance  so  far  inhib- 
its the  formation  of  new  mucus  by  protecting  the  mucous  glands  from  the  action 

fbf  cold  or  other  irritative  agents.  New  mucus  is  secreted  as  that  already  formed 
is  removed.  An  increased  secretion  accompanies  congestion  of  the  respiratory 
mucous  membrane  [or  any  local  irritation].  Division  of  the  nerves  on  one  side  of 
the  trachea  (cat)  causes  redness  of  the  tracheal  mucous  membrane  and  increased 
secretion  (Hossda^h),  [but  the  two  processes  do  not  stand  in  the  relation  of  cause 

land  eflfeclj.  [The  secretion  cannot  be  excited  by  stimulating  the  nerves  going  to 
the  mticous  membrane.  This  tncrely  causes  ansemia  of  the  mucous  membrane, 
while  the  secretion  continues.] 

Effects  of  Reagents  on  the  Mucous  Secretion. — If  ice  be  placed  on  the  belly  of  an  animal 
so  aa  to  cauK  the  animal  In  "  m^^  a  lo/if,^'  the  icspiraiory  mucous  membrAne  itrsi  lx^comes  pale, 
and  afterward  there  is  a  copious  mucous  secretion,  the  membrane  becoming  deeply  congeHed.  The 
injection  of  sodium  carbonate  and  amnioniuni  chloride  into  the  blood  limits  the  secretion.  The 
Io(!dl  application  of  alum,  silver  nitrate,  or  tannic  acid,  makes  the  mucous  membrane  turbid,  and  the 
Icpiihehum  is  shed.  The  secretion  is  excited  by  apomori>hin,  emetin,  pilocarptn,  and  ipecacuanha 
when  given  internally,  while  it  is  limited  by  atropin  and  morphia  (Mois^'ttAi, 

[  Expectorants  favor  the  removal  of  the  secretions  from  the  air  passages.  This  they  may  do 
cither  liy  la)  altenng  the  character  and  qualities  of  the  secretion  itself,  or  ifi)  by  alTecting  the  v\put- 
live  ntcchanii^m.  Sjhic  of  the  drugs  already  mentioned  are  examples  of  the  hr>l  class.  The  second 
clau  act  chietly  1^  intlucncing  the  rcs]>iraiury  centre,  such  as  ipecacuanha,  strychnia,  ammonia. 
aetiega;  emetics  also  act  energetically  as  expectorants,  as  in  some  cases  of  chronic  bronchitis; 
vannth  and  moisture  of  the  air  are  also  powerful  adjuncts.] 

Normal  Sputum. — Under  normal  circumstances  some  mucus — mixed  with  a 
little  saliva — rnay  be  coughed  up  frum  the  back  of  the  throat.  In  catarrhal  con- 
ditions of  the  respiratory  mucous  membrane,  Ihc  sputum  is  greatly  increased  in 
amount,  and  is  often  mixed  with  other  characteristic  products.  Microscopic- 
ally, sputum  contains — 

I.  Epithelial  Ceils — chiefly  st|uames  from  the  mouth  and  pharynx  (Fig.  144), 
nwre  rarely  alveolar  epitlielium  and  ciliated  epithelium  (^7)  from  the  respiratory 
pa^iages.  The  epithelial  cells  are  often  altered,  having  undergone  maceration  or 
other  changes.     Thus  sotne  cells  may  have  lost  their  cilia  (^6). 

The  epithelium  of  the  alveoli  {2]  is  squamou-^  epithelium,  the  cells  being  two  to  four  times  Ihe 

breadth  wi  a  colorlev*  blood  corpuscle,     'iliese  cells  occur  chiefly  in  the  morning  spuium  in  indi- 

vhiuals  over  30  years  of  age.     In  younger  persons  their  presence  indicates  a  pathological  condition 

af  tlie  pulrnoiitiy  parenchyma  [Ouftmatt,  JI.  Srimi^f,  uittt  /imoiertt).     They  often  undergo  fatty 

l^ir^cncraiiun,  and  ihey  may  contain  pigment  granules  (j) ;  or  they  may  present  the  appearance  of 
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what  Buhl  has  called  "  mvffin  df\^fnerated  ceffs*'  i.  e.,  cells  filled  with  clear  refractive  drop«  ot  -run- 
ous  Mzcs.  some  c-ilorless.  oiben  colored  panicles,  the  biier  having  l>een  ahs:irl>ed  (4).  Mucin  in 
the  form  of  myelin  droi>s  (5)  is  always  present  in  sputum. 

2.  Lymphoid  cells  (g^  are  to  be  regarded  as  colorless  blood  corpuscles  which 
have  wandered  out  of  the  blood  vessels ;  they  are  most  numerous  in  yellow  sputuro, 
and  less  numerous  in  the  clear,  mucus-like  excretion.  The  lymph  cells  often  pre- 
sent alterations  in  their  characters;  they  may  be  shriveled  up,  fatty»  or  present  A 
granular  appearance. 

Thcyfrt/V/  substance  of  the  sputum  contains  much  mucus  arising  from  the  mucous 
glands  and  goblet  cells;  together  with  nuclein,  and  lecithin,  and  the  constituents 
of  saliva  according  to  the  amount  of  the  latter  mixed  with  the  secretion.  Albu- 
min occurs  only  during  inflammation  of  the  respiratory  passages,  and  its  amount 


increases  with 
nephritis. 


the  degree  of  infiammation.     Urea  has  been   found   in  cases  of 
Ftc.  >44- 
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Varlout  objects  found  laipMtum,  1,  D<-tritti«  xnd  particle*  orduti.  a,  alvctibr  epithelium  with  pigment;  },  fanf 
and  partly  pigoMmted  alveolar  epiihcHum  ;  4,  alvt  -Itr  cplihelium  cont^ning  myelin  (ortn* :  5.  free  myelin  furmt . 
6.  7.  cilidlcd  epillicliuirt,  lomc  chanted,  others  wtthotit  cilia:  S,  M|u<>[nniM  epithelium  from  the  mouth,  q,  toi- 
cocyte>  :  10,  ekutlc  fibre*  :  11,  fil>nn  cot  t>f  ;t  itn^ll  tirarKhiin;  la.  leptoihnx  buccilln  with  cocci,  b«ctetik,  mhI 
splroch^luc  :  a,  Laxy  acid  cryit^  and  free  faity  graiiules;  b,  baoaatoidin  :  c,  Charcot'*  cry»ub:  ■/,  Cholc»leri« 


Patboiog:ical. — In  cues  of  ra/Arr^i,  the  sputum  is  at  first  usually  altckjr  and  clear  (sputa  cnid«),l«t 
later  it  becomes  more  firm  and  yellow  (sputa  cucta).  Under  pathohgicai  conditions  there  maybe 
rounil  in  the  sputum— (d)  red  blood  corpuscles,  from  rnplure  of  a  btood  vessel.  \b^  Elsstie 
fibres  (10)  from  disinte);ratiun  of  the  alveoli  of  the  lung;  usually  the  bumllei  are  line,  curved,  mad 
the  fibres  brancherl.  [In  certain  cases  it  is  well  to  add  a  solution  uf  ciUKlic  potash,  which  dissolves 
most  of  the  other  elements,  leaving  the  clastic  fibres  untouched.]  Their  presence  always  tiidicaies 
ffeitruction  of  the  lung  tissue.  ^.-)  ColorIe«i  plugs  uf  fibrin  ( ll),  cuts  of  ihe  smaller  or  Itricer 
bronchi,  occur  in  some  cases  of  hbrinous  exudation  inio  the  finer  air  passages,  {d)  CrystAls  of 
variouii  kind>< — crystals  of  fatty  acuh  ( Pig.  1 44,  </)  in  bundle*  of  tine  needles.  They  indicate  grcit 
decumpoi»iliun  of  the  stagnant  secretion.  I^ucin  and  tyrosin  crystals  are  rare  ({  269).  Tymus 
occurs  in  considerable  amount  when  an  old  abtcess  breaks  intn  (he  lungs  (ArytiW,  Kanmtt^crg\, 
Cnlnrlcu,  shaq>'paiiiied,  octagonal  or  rhombic  plates — Charcot's  crystals  (r) — have  been  foand 
in  the  expectoration  in  u-'ihiua,  and  exudative  affections  of  ihe  brunchi.  Htematcidim  {Jh)  sod 
cholesifrin  cr>'stals  ((/)  occur  much  more  rarely. 

Fungi  nivl  other  lowly  organisms  arc  taken  in  during  inspiration  {\  136).  The  thresdi 
of  Leirtothrix  iKiccalis  ( 12)  detached  ftotu  the  leeih,  are  frejuenlly  found  ($  147).     Mycelium  sod 


ACTION   OF   DIMINISHED  ATMOSPHERIC    PRESSURE. 


229 


rei  are  found  in  thrush  (OTdhim  slbtcani),  espcdally  in  the  mouths  of  sucking  infants.     In  mal- 

lonnu  expectoration  rod-shaped  bacteria  are  present.     In  pulmonary  j^n^^ne  are  found  monads, 

c«rconK>nad  {A'aMrtfnfitffy) ;  in  pulmonary  phthisis  the  labercle  bacillus  {/^.  A'cxA] ;  very  rarely 

nna,  which,  however,  is  often  found  in  gastric  catarrh  in  the  stomach,  and  also  in  the  urine  (Fig. 

270J. 
Physical  Charactera.— Sputum,  with  refercDCc  to  its  physical  characters,  is  described  as 

muiout,  mut'o  f-uruUnt,  fa  purulent. 

Abnormal  coloration  of  the  siHitum — red  fmni  b1<x)d.  When  the  blood  remains  1«ng  in  the 
lung  It  undergoes  a  regular  series  of  ch.inge5.  and  tinijes  the  sputum  dark  red,  bluish  lirown,  brown- 
ith  yellow,  deep  yellow,  yeHowish  green,  nr  pass  preen.  The  .«pulum  is  somcrtme*  yellow  in  jaun> 
dice.    The  sputum  may  Ijc  tinned  by  what  is  inspired  [as  in  the  case  of  the  "  black  spit  "  of  miners], 

The  odor  of  the  sputum  is  more  or  less  unpleaKint.  It  becomes  vcr>'  disagreeable  when  it  has 
remained  long  in  patbologicid  lung  cavities,  and  it  is  stinking  in  gangrene  of  the  lung. 

I  139.  ACTION  OF  THE  ATMOSPHERIC  PRESSURE.— At  the 
^—^Duniial  ijrcssurc  of  Ihc  atmosphere  (height  of  the  laromelcr,  760  milliiiietros  Hg), 
^■pressure  is  exerted  upon  the  entire  surface  of  the  body  ^  15.000  to  20,000  kilos., 
^^Hccording  to  the  extent  of  the  superficial  area  ( Galileo).  This  pressure  acts  equally 
^Hon  all  sides  upon  the  body,  and  occurs  also  in  all  inUrnal  cavities  containing  air^ 
^^bc>lh  those  that  are  constantly  filled  with  air  (the  respiratory  passages  and  the 

sfxices  in  the  superior  maxillary,  frontal  and  ethmoid  bones),  and  those  that  are 
temporarily  in  direct  communication  with  the  outer  air  (the  digestive  tract  and 
tympanum).  As  \\ifi  fluith  of  the  body  (blood,  lymph,  secretions,  parenchj-matous 
juices)  are,  practically,  incompressible,  their  volume  remains  practically  imchanged 
under  the  pressure  ;  but  they  will  absorb  gases  from  the  air  corresponding  to  the 
prevailing  pressure  {i.  e.,  the  partial  pressure  of  the  individual  gases),  and  accord- 
ing lo  their  temperature  (compare  ^3$-) 

II  The  solit/s  consist  of  elementary  parts  (cells  and  fibres),  each  of  which  presents 
only  a  microscopic  surface  to  the  pressure,  so  that  for  each  cell  the  prevailing 
pressure  of  the  air  can  only  be  calculated  at  a  few  millimetres — a  pressure  under 

I  which  the  most  delicate  histological  tissues  undergo  development.  As  an  example 
I  of  the  action  of  the  pressure  of  the  atmospheric  pressure  upon  large  masses,  take 
^w  that  brought  about  by  the  adhesion  of  the  smooth,  sticky,  moist,  articular  surfaces 
B^of  the  shoulder  and  hip  joints.  In  these  cases,  the  arm  and  the  leg  are  supi>orted 
^^without  the  action  of  muscles.  The  thigh  bone  remains  in  its  socket  after  section 
'  of  all  the  muscles  and  its  capsule  {litothers  Weber).  Even  when  the  cotyloid 
cavity  is  perforated,  the  head  of  the  femur  does  not  fall  out  of  its  sorkct.  The 
ordinary  Iwromctric  variations  affect  the  respiration — a  rise  of  the  barometric 
pressure  excites,  while  a  fall  diminishes,  the  respirations.  The  absolute  amount 
of  CO,  remains  the  same  (!J  127,  8j. 

A  Great  Diminution  of  the  Atmospheric  Pressure,  such  as  occurs  in  ballooning  (highest 
ascent,  8()00  mctr»|,  or  m  ascrndint*  raountain^,  causes  a  series  of  chaiacteristic  phenomena:  (I) 
In  consctjuence  of  the  <liminution  of  the  pres^uie  u(».ni  the  parts  directly  in  contact  with  the  air, 
they  twcoroe  jj^eally  congested ;  hencr,  there  is  redness  and  swelling  of  the  skin  and  free  mucous 
mrmtinLnes;  there  may  be  hcmorrlinge  from  the  nuse,  lungs,  eums,  turgidity  of  the  cutaneous  veiD», 
topious  secretion  of  sweat,  great  scciciion  of  mucus.  (3)  A  fecUnj;  of  weight  in  the  limbs,  a  press- 
ing outward  of  the  tympanic  membrane  (until  the  tension  is  et)uilihrated  by  opening  ihc  I'.uMachian 
iii!<:  i.  and.  OS  a  consequence,  noises  in  the  ears  and  difHcuUy  of  hearing,  (j)  In  ccjn&cquencc  of 
the  diminished  lensiin  of  the  U  m  the  air  \\  129),  there  is  difficulty  of  breathing,  pain  in  the  chest, 
wherein' the  rc5pir3tion5  (and  |nilsc)  t>ccome  more  rapid,  de*.  per  and  Irregular.  When  the  atmo* 
»|)Hen(  pressure  is  diminished  I -J,  the  amount  of  O  in  the  blood  is  diminished  {Bert.  Friinkel  nnd 
Or^P€TS\^  the  ( .t  Ij  is  imfterfeclfy  removed  from  rhc  blo<id,  and,  in  consc'|uence,  there  is  dimmisheU 
oaioation  within  the  body.  When  the  almo<>pheric  pressure  is  diminished  to  one-half,  the  amount 
nf  CO,  in  arterial  blood  is  lessened;  and  the  amount  of  N  diminishes  proportionrlly  with  the  de- 
cTcaae  of  the  atm<>spheric  pre-<^uire  [fiftinkfl  tinJ  Gf/^f^rf).  The  diminished  tension  of  the  air 
prcrenls  the  vibrations  of  the  vocal  cords  from  occurring  so  forcibly,  and,  hence,  the  voice  is  feeble. 
<5)  In  consequence  of  the  amount  of  bUKK)  in  the  skin,  the  internal  organs  arc  relntively  amcmic; 
1»cnce,  there  is  diminished  secretion  of  urine,  macular  weakness,  disturbances  of  dif^eMion,  dullne&s 
of  the  senses,  and.  it  may  lie,  unconsciousness,  anil  all  these  phenamen.'\  are  intensilied  by  the  con- 
ditiuna  mentioned  under  (3).  Some  of  thc<  phenomena  are  tnotlitied  by  usage.  The  highest  Umit 
at  which  a  man  may  still  retain  his  senbes  is  placed  by  Tissaadicr  at  an  elevation  of  8000  metres 
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(380  mm.  Hg).  Indo>^,  the  blood  preauire  f&ll!;,  and  t)ic  pulse  becomes  small  and  diminiBhcO  in 
frenaency  when  ihe  nlmosphertc  pr-s*^ure  falls  10  200  mm.  lig. 

Those  who  live  ujMiin  high  mounIain&  suffer  from  a  discn.sc,  mal  de  montagne,  which  coivists, 
essentially,  in  the  abuve  symptoms,  aUhoui^h  it  is  ttometinies  complicate']  with  anicmtaof  the  intemal 
organs.  Al.  v.  Humboldt  found  ih.it  in  those  who  lived  on  the  Andes  the  thorax  was  capAcioa*. 
At  6000  to  Sooo  feet  above  sea  level,  water  contains  only  unc-thin)  of  the  ah-mrbed  (^ases,  sn  that 
fisliev  cannot  live  in  it  {Bam'tngau/i).  Animals  may  b*;  suhjecicd  tu  a  further  diminution  of  the 
atmospheric  pressure  l>y  being  placed  under  ihe  receiver  of  an  air  pump.  Birds  die  when  the 
prr«Aure  i«  reduced  tn  120  mm.  H^;  mammals,  al  40  mm.  H|>;  frogs  endure  repcalct)  evacunlinos 
of  the  receiver,  M-hcreby  they  arc  much  dtstende«l,  owing  to  the  escape  of  jpiijev  and  water  ;  hat  after 
the  entrance  of  air,  they  become  greatly  compressed.  The  can**  of  death  in  mimmaU  is  ascnhed 
by  HoppcSeyler  to  the  evolution  of  bubbles  of  ^as  in  the  blood;  these  bubbles  \Ui^\  up  the  cafulU- 
lies  and  the  circulation  is  arrested.  Lotai  diminution  of  the  atmospheric  pressttrt  cniues  mailtvd 
congestion  and  swelling  of  the  pan,  as  occurs  when  a  clipping  glass  is  used. 

Great  Increase  of  the  Atmospheric  Pressure. — The  phenomena  which  are.  for  the  mnd. 
part,  the  reverse  of  the  foregoing,  b-ive  been  ohscrA'cd  in  pneumatic  cabinets  and  in  dicing  belli>. 
where  men  may  work  even  under  ^t^  atmospheres  pres-^ure.  The  phenomena  are :  (11  r'alenetf 
and  dryness  of  the  eMcrnal  surfaces,  collapse  of  the  cutaneous  veins,  diminution  of  persfnration 
and  mucous  secretions.  (2)  The  tympanic  membrane  is  pressed  inward  (until  the  air  e^rapcs 
through  the  Eustachian  lube,  after  causing  a  sharp  sound),  acute  sound)*  are  heard,  pain  in  the  ear*. 
and  dilBculiy  of  hearing.  (3)  A  feeling  of  lightness  and  I'reshness  dijring  respiration,  the  respira- 
tion becomes  slower  (by  2-4  per  minute),  inspiration  easier  ami  shorter,  expirntion  lengthened,  the 
pause  distincl.  The  aipacity  of  the  lungs  increases,  owing  In  the  freer  movement  of  the  diaphragm, 
in  consequence  of  the  diminuiton  of  the  intestinal  gases.  C>wing  to  the  more  rapid  oxidottons  in 
the  body,  muscuhr  movement  is  easier  and  more  active.  The  O  alworbed  and  the  CU,  cscreled 
are  increased.  The  venous  blond  i.f  reddene«l.  (4)  LOifficiilty  of  speaking,  alteration  of  the  tone 
of  the  Voice,  inability  to  whistle.  [5't  Increise  of  the  urinary  secretion,  more  muscular  energy, 
more  rapid  melahoMsm,  increased  appetite,  subjective  feeling  of  warmth,  pulse  hr.its  slower,  and 
pulse  cur^'c  is  lower  (wjmpare  \  74).  In  animals  subjected  to  excessively  high  atmospheric  |>re»are. 
P.  Bert  found  that  the  arterial  blood  contained  30  vols,  per  cent.  O  (al  760  mm.  Hg) ;  when  the 
■mount  rose  to  35  vols,  per  cent,  death  occurred,  wilh  convulsions.  Omnpressed  air  has  been  used 
for  therapeutical  purposes  but  ■"  doing  to  a  too  rapid  increase  of  the  pressure  is  to  be  avoided. 
Waldenburg  has  con&lfLJCted  such  an  apparatus,  which  may  be  used  for  the  resfuration  of  air  under 
a  greater  or  less  pressure. 

Frogs,  when  placed  in  compressed  O  (at  14  atmospheres),  exhibit  Ihe  same  phenomena  as  if 
Ihcy  were  in  a  vacuum,  or  pure  \'.  There  is  par.ilysi*  of  the  central  nervous  system,  sometimes 
preceded  by  convulsions.  The  heart  ceases  to  beat  fnot  the  lymph  hearts),  while  ihe  exciubility 
of  the  motor  nerves  is  losi  at  the  same  time,  and,  lastly,  the  direct  muscuUr  excitability  disappears 
(A*.  B,  Lehmunn).  An  excised  frog's  heart  placed  in  O.  under  a  vcrj'  high  pressure  1 13  aimo* 
spheres),  scarcely  beats  one-fourtb  of  the  time  during  which  it  pulsates  in  air.  If  the  heart  be 
exposed  to  the  air  a^ain.  it  begins  to  beat ;  so  that  compressed  O  renders  the  vitality  of  the  heart 
latent  liefnie  al)olishing  it. 

Phcsphorus  retains  its  luminosity  under  a  high  pressure  in  O  {Schonhein'),  but  this  is  not  the  case 
with  the  luminous  organisms,  ^.^'.,  Ijimpyris,  and  luminous  bacteria  {K.  B.  Ltkmann).  A  veiy 
high  8tniO!ipheric  pressure  is  niso  injurious  to  jihints. 

140.  COMPARATIVE  AND  HISTORICAL —Mammals  have  lungs  similar  to  those  of 
man.  The  lungs  of  birds  are  spongy,  and  united  to  the  chest  wall,  while  there  arc  openings  on 
Ihcir  surface  communicating  with  ihin  walled  "  air  s.ics,"  which  are  placed  among  ihc  viscera.  The 
air  sacs  communicate  with  cavities  in  the  bones,  which  give  the  latter  great  lightness  (yfrij/n/Ar). 
The  diaphragm  is  ab.sent.  In  reptiles  the  lungs  are  divided  into  greater  and  smiuler  com|>artro«)ls ; 
in  snakes  one  lungisatKirtive,  while  the  oiher  has  the  elongated  form  nQh^|||A^^The  amphibian* 
(frog)  powers  two  simple  lungs,  each  of  which  represents  an  cnurmoi^^^^^^^^HB|^ith  it»  alveoli. 
The  frog  pumps  air  into  ii.^  lungs  by  the  contraction  nf  its  thrial,  (h^^^^^^^^^^H^^  and  the 
gloi'is  opened.  When  young  — imiil  their  metamorphosis — frogs  b^^^^^^^^^^^^Hjne<ins  of 
gills.  The  pcrennibranchiatc  amphibians  (t^rotcus)  retain  their  gin^HBP^^^^^  .\mong 
fishes,  which  breathe  by  gills  and  iis?  the  O  ahsorlicd  by  the  water,  Ihe  Dipnoi  have,  in  addiiioo 
to  gills,  a  5wim  bladder,  provided  wiih  afferent  and  efferent  vessels,  which  U  comparable  to  the  lung. 
The  Cobitis  rei^pires  also  with  hs  inlcsiine  (Erman^  tSoS).  Insects  and  centipedes  respire  by 
**  Irache.-e."  which  are  branched  canals  distributed  throughout  the  body;  they  open  on  the  surface 
of  the  body  by  openings  (stigmata),  which  can  be  closed.  Spiders  respire  b^-  means  of  tracbec 
and  tracheal  sacs;  craTis,  by  gills.  Hie  molluscs  and  cephalopods  have  gills;  some  goslrrDpodi 
have  gills  and  others  lunus  Amone  the  lower  invcriehrata  some  breathe  by  gills,  others  by  tneans 
of  a  special  "  water  vascular  system,"  and  others  again  by  no  special  organs. 

Historical. — Aristotle  1 3S4  ir.  c.)  regarded  the  object  of  respiration  to  l>e  the  cooling  of  the  Iwdy, 
so  as  to  m'Mlcratc  the  internal  warmth.  He  observed  corrcrtly  that  the  warmest  animals  breathe 
most  actively,  but  in  interpreting  the  fact  he  reversed  the  cause  and  effect.  Galen  (131-203  A.  tt.| 
thought  that  the  "  soot "  was  removed  from  the  body  along  with  the  expired  water.     The  most  mh 
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poftiuil  experiments  on  ihe  mechanics  of  respiration  date  from  Galen  ;  he  obscned  that  the  lungs 
passively  follow  the  movements  of  the  chest;  that  the  di:i[>)ira(;m  is  the  ino«t  imponant  muscle  of 
Inspiration:  that  the  extcrrul  intercustaU  arc  inspiratory,  and  the  internal,  expiratory,     lie  divided 
the  intercostal  ncr^M  and  muscles,  and  observed  that  loss  of  voice  occurred.     On  dividing  the  spinal 
conl  higher  anii  higher,  he  found  that  as  he  did  sn  the  rauscles  of  the  thorax  lying  higher  op  became 
mralvJ^cd.     Onbasius   (3(10  A.  D.)   observed   that   in  double  pnCLimothorax  both  lun^s  collaf>Md. 
Ve-;iliu«  (1540)  first  described  artifieial   respiration  as  a  means  of  resiorinjj  the  beat  of  the  heart. 
Milpichi  (1661)  described  the  structure  of  the  lungs.     J,  A.  Borelli  (t  16791  gave  the  first  funda- 
tiucnt.il  d^scriptiijn  of  the  mechanism  uf  the  respiratory  movements.     The  chemical  processes  of 
rspiijttoo  could  only  be  know  n  after  the  discovery  of  the  individual  gases  therein  concerned.     Van 
telmont  ft  1644J  detected  CO3.     [Joseph  Black  (1757)  discovered,  by  the  following  experiment, 
lat  CO,  or  *^6xcd  air"  is  given  out  during  expiration  :     Take  two  jars  of  lime  water,  breathe  into 
otie  through  a  Ixrni  glass  tube,  and  force  ordinary  air  through  the  other,  when  a  white  precipitate  of 
ralcinm  carbonate  will  be  found  to  nccur  in  tin:  furmer.]    In  1774  Priestley  discovered  O.     Lavoisier 
'detected  N  (1775).  ^^*^  ascertained  the  composition  of  atmospheric  air,  and  he  reg.irded  the  forma- 
[Iton  of  t":Oj  and   H,()  of  the   breath  as  a  result  of  a  combustion  within  the  lung.s  ihcmsclvea.     J. 
In^cn- Hnu.ss  ( 1730-I790)  discovered  Oic  respiraiioo  of  plants.      Vogcl  and  others  jiroved  the  exist- 
ence of  CCij  in  venous  blood,  and    HotTmann   and  ethers  that  of  O  in  arterial   hhwid.     The  more 
complete  conception  of  the  exchange  of  gases  was,    however,  only   possible  after    Magnus  had 
cxlrmcted  and  analyzed  the  gases  of  arterial  and  venous  blood  {$  36). 
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141.  THE  MOUTH  AND  ITS  GL.ANDS.— The  mucous  raembrane  or  the  cavify  of  the 
mouth,  which  iiecmics  cnatinuous  with  the  skin  at  the  red  niargin  of  the  lips,  fa u  2  numbct  of 
sebaceous  glands  in  the  reginn  of  the  red  iiart  of  the  lip.  The  buccal  mucous  inemlirane  cotutsts 
uf  bundles  of  6ne  fibrous  tiuue  mixed  with  clastic  nurcs,  which  traverse  it  in  every  direcfioQ. 
PapiUfie — simple  or  compound  -occur  near  ibe  free  surfaces.  The  submucous  lissu/;,  which  a 
directly  continuous  with  the  fibrnus  tissue  of  the  mucous  membrane  itself,  is  thickest  where  the 
mucous  membrane  in  thickest,  and  densest  where  it  is  lirmly  fixed  to  the 
Fig.   t^$.  periosteum  of  the  bone  am!  tu  the  gum  ;  it  is  ihinaesi  where  the  mucous 

membrane  is  moM  movable,  and  where  there  arc  most  folds.  The  cavity 
of  the  mouth  i.s  lined  by  stratified  squamous  epithelium  {Fig.  145), 
which  is  ihickeM,  as  a  rule,  where  the  longest  papillie  occur. 

All  the  glands  of    the    mouth,    including   (he   salivary 
glands,  may  be  divided  into  different  classes,  according  to 
\     the  nature  of  their  secretions. 

J        I.  The  serous  or  albuminous  glands  [frve sa/ivafy], 
whose  secretion  contains  a  certain  amount  of  albumin,  ^.^., 
»    the  human  parotid. 

/)        2.  The  mucous  glands,  whose  secretion,  in  addition  to 
W    some    albumin,    contains    the    characteristic    constituent 
mucin. 

3.  The  mixed  [or  muto-sa/ivan'^  glands,  some  of  ibe 
acini  secreting  an  albuminous  fluid  and  other  mucin,  r,^., 
the  human   maxillary  gland  {Jhidenhain).     The  structure 
epithelium  JcuchicTTroo!  of  thcsc  glauds  is  referred  to  under  the  salivary  glands. 

Numerous  mucous  glands  (labial,  buccal,  palatine,  lingual,  molar) 
have  the  appearance  of  imall  macroscopic  IxxUcs  lyin^  in  the  i^ub-mucosa.  They  are  branched 
tubular  glands,  and  the  contents  of  tbcir  secretory  cells  consist  partly  of  mucin,  which  is  e&pcUed 
from  them  during  secretion.  The  excretory  ducts  ol  Uiese  glands,  which  are  line<l  by  cylitvdncal 
epithelium,  arc  constricted  where  they  enter  the  mouth.  Not  unfrcqucntly  one  duct  receives  the 
becretioii  uf  a  neighboring  gland. 

The  glands  of  the  tongue  form  two  grou[w  which  differ  morphologically  and  nhyaiologicaily. 
(1)  The  mucous  glands  1  iS'ebtt^s  glands),  occurring  chiefly  near  the  root  of  the  tongue,  arc 
branched  tulmlar  glands  lined  with  clear,  transparent,  secretory  cells  whose  nuclei  are  placed  near  the 
attached  end  of  the  cells.  The  acini  have  a  distinct  membrana  propria.  (2)  The  serouB  glands 
[^Ebner'i)  arc  acinous  glands  occurring  in  the  region  of  the  circumvallate  papdln?  (and  in  animah 
near  the  papitUt;  foUatn;).  They  ere  lined  with  turbid  granular  epithelium  with  a  central  nucleus, 
and  they  secrete  saliva  \ifeHle\.  (3)  The  glands  of  Hlandin  and  Nuhn  are  placed  near  the  lip  of 
the  tongue,  and  consist  of  mucous  and  serous  acini,  so  that  they  arc  mixed  glands  ( FoJwiiotiJty). 

The  blood  vessels  are  moderately  abundant,  and  the  larger  trunks  lie  in  the  sub  mucosa,  while 
the  finer  twigs  penetrate  into  the  papilla',  where  they  form  either  a  capillary  network  or  simple 
loops. 

llie  larger  lymphatics  lie  in  the  sub-mncntta,  while  the  finer  branches  form  a  Bne  network 
placed  in  the  mucosa.  The  lymph  folliclea  also  belong  to  the  lymphatic  system  I  \  i<>7).  On  the 
dorsum  of  the  posterior  part  uf  the  tongue  they  form  an  almost  continuous  layer.  Hiey  are  round 
or  oval  (i-t-5  mm.  in  diameter),  and  placed  in  the  sub-mucosa.  They  consi.<it  of  adenoid  tissue 
loade<l  with  lyn>ph  corpuscles,  Tlie  outer  part  of  the  adenui<I  rcitculuin  is  compressed  50  as  to  form 
a  kind  of  capsule  for  each  fulticte.  Similar  follicles  occur  in  the  iiitcMine  as  solitary  follicles;  in 
the  small  inie.^tine  they  are  collected  together  mto  I'cyer's  patches,  and  in  the  spleen  they  occur  as 
Malpighian  corpuscles.  On  the  doraum  of  the  tongue  several  of  these  follicles  form  a  slightly 
oval  elevation,  which  is  surrounded  by  connective  tissue.  In  the  centre  of  this  elevation  there  is  a 
depression,  into  which  a  mucous  gland  opens,  which  tills  the  small  crater  with  mucus  (t^.  146). 

232 


THE   SALIVARY    GLANDS. 


283 


The  Tonsils  have  fundament. -illy  the  same  structure.  On  their  surface  are  a  number  of  depres- 
noos  into  which  the  ducts  of  small  mucnus  glands  open.  These  depression!;  .ire  surrounded  by 
gttnipai  ( 10-20)  uf  lymph  follicles,  and  the  whole  is  environed  liy  a  capsule  of  connective  tissue. 
After  E.  H.  Weber  discovered  lymphatics  in  the  neighborhood  of  the  lunsils,  Brilcke  referred  these 
structures  to  the  lymphatic  system.  Large  lymph  spaces,  communicating  with  lymphatics,  occur  m 
the  neighliorhood  of  the  tonsils,  but  as  yet  a  direct  connection  between  the  spaces  in  the  follicles 
and  the  lymph  vessels  has  not  been  proved  to  exist.  Similnr  structures  occur  in  the  tubal  and 
pharyn^^eal  tonsils.  [St«5hr  asserts  that  an  enormous  number  of  leucocytes  %^ander  out  of  the 
ttinsiU,  solitary  and  Fever's  glands,  and  the  adenoid  tissue  of  the  bronchial  mucous  meinhrane.  The 
cells  p*»s  out  between  the  epithelial  cells,  but  do  not  pass  into  the  interior  of  ihe  latter.] 

Nervas. — Numerous  fn/Ju/Zaf^i/  nerve  fibres  occur  in  the  sub^mucosa,  pass  into  the  mucosa,  and 
lerminalc  partly  in  the  individual  papilla'  In  Krausc's  end  bulbs,  which  arc  most  abundaiilin  the  lips 
and  soft  palate,  and  not  so  numerous  in  the  cheeks  and  in  the  floor  of  the  mouth.  The  nerves  ad- 
oiiiister  not  only  to  common  sensation,  but  they  also  are  the  organs  of  (ransmL«tion  for  tactile  (heat 
and  pressure)  impressions.  U  is  highly  probable,  however,  that  some  nerve  fil'res  end  in  fine  ter- 
minal fthriU,  between  the  epithelial  cells,  such  as  occur  in  the  cornea  and  elsewhere. 

143.  THE  SALIVARY  GLANDS.— Structure  of  the  Ducts.— The 
three  pairs  of  salivary  glands,  sub-maxillary,  sublingual,  and  parotid,  are  com- 
pound lubiilar  glands.  Fig.  148,  A,  shows  a  fine  duel,  terminating  in  the  more  or  less 
flask-shaped  alveoli  or  acini.     [Kach  gland  consists  of  a  number  of  lobes,  and 

Fig.  146. 
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each  lobe  in  turn  of  a  number  of  lobules,  which  again  are  composed  of  acini. 
All  these  are  held  together  by  a  framework  of  connective  tissue.  The  largrr 
branches  of  the  rtWc/  lie  between  the  lobules,  and  constitute  the  interlobular 
ducts,  giving  branches  to  eath  lobule  which  they  enter,  constituting  the  intra- 
lobular ducts.  These  intralobular  ducts  branch  and  finally  terminate  in  connection 
with  the  alveoli,  by  means  of  an  intermediary  or  intercalary  part.  The  larger 
ioteriobar  and  interlobular  ducts  consist  of  a  membrana  propria,  strengthened 
outside  with  fibrous  and  elastic  tissue,  and  in  some  places  also 
br  ron-Ntripcd  muscle,  while  the  ducts  arc  lined  by  columnar 
epithelial  cells.  In  the  largest  branches  there  is  a  second  row 
of  smaller  cells,  lying  between  the  large  cells  and  the  mem-    c  \ 

brana  propria.     The  ifi/rn/oAu/ar  ducts  are  lined  by  a  single  £Cc^  A 

layer  of  Urge  cylindrical  epithelium.    As  is  shown  in  Fig.  147,  ^3?^  J 

the  nucleus  occurs  about  the  middle  of  the  cell,  while  the  oiiler   \-  ~z 

half,  /.  f.f  next  the  basement  membrane  of  the  cell,  is  finely  ..  ;y' 

striated  longitudinally,  which  is  due  to  fibrilla:;  the  inner  half  :.>'^^ 

next  the  lumen  is  granular.     The  intermediary  part  is  narrow,    ^  '»>«  »"- 

and  is  lined  by  a  single  layer  of  flattened  cells,  each  with  an         "[-^-'"'^M-i'v^y 
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elongated  oval  nucleus.  There  is  usually  a  narrow  "  neck,"  where  the  intra- 
lobular duct  becomes  continuous  with  the  intermediary  part,  and  here  the  cetU 
are  v>olyhedral  {Kirt'n). 

The  acini,  or  alveoli,  are  the  parts  where  the  actual  process  of  secretion  takes 
place.  They  vary  somewhat  in  shape  ;  some  are  tubular,  others  branched,  sorae 
are  dilated  and  resemble  a  Florence  rtask,  and  several  of  them  usually  ojien  into 
one  intermedi;iry  part  of  a  duct.  Each  alveolus  is  bounded  by  a  basement  mem- 
brane, with  a  reticulate  structure  made  up  of  nucleated,  branched,  and  anastomos- 
ing cells,  so  as  to  resemble  a  basket  (D).  There  is  a  homogeneous  membrane 
bounding  the  alveoli  in  addition  to  this  basket-shaped  structure.  Immediately 
outside  this  membrane  is  a  lymph  space  ( Ghnuzzi)^  and  outside  this  again  (he  net- 
work of  capillaries  is  distributed.  [The  extent  to  which  this  lymph  space  Xi  filled 
with  lymph  determines  the  distance  of  the  capillaries  from  the  membrana  propria. 
The  inter-alveolar  lymph  spaces  communicate  with  large  lymph  s(jaces  between 
the  lobules,  which  in  turn  communicate  with  perivascular  lymphatics  around  the 
arteries  and  veins.]     The  lymphatics  emerge  from  the  gland  at  the  hilum. 

The  secretory  cells  vary  in  structure,  according  as   the  salivary  gland  is 
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A,  duct  and  ac!»[  ol  (he  pamtitl  t^lnnd  of  a  dog :  B,  acini  of  the  ttib-fnavilUry  ^I^h..!    ,1  ,1  due  ;  r.  rvfnciive  m\ 

ccIU ,  it.  Kr^kKul^r  hAif-m.jon*  of  livantiial ;  C,  •iinilar  nlvcoli  after  |>rolyns*^'i  secretion  ;  1>,  basket -fh^jwU  Umvs 
invc^tinciit  of  aiciniu  ;  F,  vairdiice  of  a  non*inedutl;ticcl  nerve  fibre  intu  a  <^n:rc(ory  celt. 

mucous  [sub-maxillary  and  sublingual  of  the  dog  and  cat],  a  serous  [parotid 
of  man  and  mammals,  and  sub-maxillary  of  rabbit],  or  a  mixed  gland  [human 
submiixillary  and  sublingual]. 

Mucous  Acini. — The  secretory  cells  of  mucous  glands,  and  the  mucous 
acini  of  mixed  glands  (Fig.  149),  are  lined  by  a  single  layer  of  "  mucin  cells  " 
{Htidenhain)  (Fig.  148,  B,  r),  which  are  large  cells  distended  with  mucin,  or,  al 
least,  with  a  hypothetical  substance,  mucigen,  which  yields  mucin.  The  mucin 
cells  are  more  or  less  spheroidal  in  shape,  dear,  shining,  highly  refractive,  and 
nearly  fill  the  acinus.  The  flattened  nucleus  is  near  the  wall  of  the  acinus.  Each 
cell  has  a  fine  process  which  overlaps  the  fixed  parts  of  the  cell  next  to  it.  Owing 
10  the  fact  that  the  body  of  each  cell  is  infiltrated  with  mucin,  these  cells  do  not 
slain  with  carmine,  although  the  nucleus  and  its  immediately  investing  protoplasm 
do.  Another  kind  of  cell  occurs  in  the  sub-maxillary  gland  of  the  dog.  It 
ioxvci^  2.  half  moon-shdMd  structure  lying  in  direct  contact  with  the  wall  of  the 
acinus  {Gianuzzi).  Each  "  half-moon  "  or  "  crescent  "  consists  of  a  number 
of  small,  closely  packed,  angular,  strongly  albuminous  cells  with  small  oval 
nuclei,  which,  however,  are  separated  only  with  difficulty.     Hence,  Heidenhain 
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las  called  them  "composite  marginal  cells"  (B,  //).  They  are  granular, 
darker,  devoid  of  mucin,  and  slain  readily  with  pigments.  [In  the  sub-maxillary 
gland  of  the  cat  there  is  a  complete  layer  of  these  '*  marginal  "  carmine-staining 
cells  lying  between  the  mucous  cells  and  the  membrana  propria.] 

[Serous  Acini, — In  true  serous  glands  (i>arotid  of  man  and  mammals)  and 
in  the  serous  acini  of  mixed  glands,  the  acini  are  lined  by  a  single  layer  of  secre- 
tory, columnar,  finely  granular  cells,  which,  in  (he  quiescen  t  condition,  completely 
fill  the  acinus,  so  that  scarcely  any  lumen  is  left.  Just  before  secretion,  or  when 
these  cells  are  quiescent,  Langley  has  shown  that  they  are  large  and  filled  with 
numerous  granules,  which  obscure  the  presence  of  the  nucleus.  As  secretion 
ikes  place,  these  granules  seem  to  be  used  up  or  discharged  into  the  luraen  ;  at 
least,  the  outer  part  of  each  cell  gradually  becomes  clear  and  more  transparent, 
and  this  condition  spreads  toward  the  inner  part  of  the  cell.] 

[In  the  mixed  or  muco-salivary  glands  (KIcift)  (V. i'".,  human  sub-raaxillary), 
fftome  of  the  alveoli  are  mucous  and  others  serous  in  their  characters,  but  the 
latter  are  always  far  more  numerous,  and  the  one  kind  of  acinus  is  directly 
continuous  with  the  others  (Fig.  149).] 

Fig.  149. 
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143.  HISTOLOGICAL  CHANGES  DURING  THE  ACTIVITY 
OFTHE  SALIVARY  GLANDS.— [The  condition  of  physiological  activity 
if  the  gland  cells  is  accomp-inied  by  changes  in  the  histological  characters  of  the 
rcmory  tells.] 
[Serous  Glands. — The  changes  in  the  secretory  cells  have  been  carefully 
studied  in  the  parotid  of  the  rabbit.  The  histological  appearances  vary  some- 
what, acrording  as  the  glands  are  examined  in  the  fresh  condition  or  after  harden- 
Ijing  in  various  reagents,  such  as  absolute  alcohol.  When  the  gland  is  at  rest,  in 
prepanilion  hardened  in  alcohol,  and  stained  with  c:armine,  the  cells  consist  of 
[9  pnle,  almost  uncolored  substance,  with  a  few  fine  granules,  and  a  small,  irregu- 
ir.  red-stained,  shriveled  nucleus,  devoid  of  nucleolus.  The  appearance  of  the 
[•jiticletis  stjggests  the  idea  of  its  being  shriveled  by  the  action  of  the  harden- 
ing reagent  (Fig.  150)] 

[During  activity,  if  the  gland  be  caused  to  secrete  by  stimulating  the  sym- 
pathetic, all  p^irts  of  the  cells  undergo  a  change  (Fig.  150,  151).  (i)  The  cells 
diminish  somewhat  in  size;    (2)  the  nuclei  are  no  longer  irregular,  but  round. 
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with  a  sharp  contour  and  nucleoli ;  (3")  the  substance  of  the  cell  itself  is  turbid, 
owing  to  the  diminution  of  the  clear  substance,  and  the  increase  of  the  granules, 
especially  near  the  nuclei ;  (4)  at  the  same  time,  the  whole  cell  stains  more  deeply 
with  carmine  (//^/'(/r/Mo///).] 

[On  studying  the  changes  which  occur  in  a  living  serous  gland,  Langley 
found  that,  during  rest ^  the  substance  of  the  cells  of  the  parotid  is  pervaded  by 
iirie  granules,  which  are  so  numerous  as  to  obscure  the  imcleus.  while  the  outlines 
of  the  cells  are  indistinct.  No  lumen  is  visible  in  the  acini  during  actix'itVt  the 
granules  disappear  from  the  outer  zone  of  the  cells,  the  cells  themselves  becoming 
more  distinct  and  smaller.  After  prolonged  secretion,  the  granules  largely  dts- 
apfiear  from  the  cell  substance  except  quite  near  the  inner  margin.  The  cells  arc 
smaller,  their  outlines  more  distinct,  their  round  nuclei  apparent,  and  the  lumen 
of  the  acini  is  wide  and  distinct.  Thus,  it  is  evident  that,  during  rest,  granules 
arc  manufactured,  which  disappear  during  the  activity  of  the  cells,  the  disappear* 
ance  taking  place  from  without  inward.  Similar  changes  occur  in  the  cells  of 
the  pancreas.] 

[Mucous  Glands. — More  complex  changes  occur  in  the  raucous  glands,  such 
as  the  sub-maxillary  or  orbital  glands  of  the  dog  {LavJiwsky).  The  appearances 
vary  according  to   the   intensity  and   duration  of  the  secretory  activity.     The 
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mucous  cells  at  rest  are  large,  clear,  and  refractive,  containing  a  flattened  nucleus 
(Fig.  148,  B,  <-),  surrounded  with  a  small  amount  of  protoplasm,  and  placed  near 
the  basement  membrane.  The  clear  substance  does  not  slain  with  carmine,  and 
consists  of  nuicigt:n  lying  in  the  wide  spaces  of  an  intracellular  plexus  of  6brils. 
After  prolonged  secretion,  produced,  it  may  be,  by  strong  and  continued 
stimulation  of  the  chorda,  the  mucous  cells  of  the  submaxillary  gland  of  the  dog 
undergo  a  great  change.]  The  di-stendcd,  refractive,  and  "mucous  cells,"  which 
occur  in  the  quiescent  gland,  and  which  do  not  stain  with  carmine,  do  not  appear 
after  the  gland  has  been  in  a  state  of  activity.  Their  place  is  taken  by  small,  dark, 
protoplasmic  cells  devoid  of  mucin  (Fig.  14S,  C).  These  cells  readily  stain  with 
carmine,  while  their  nucleus  is  scarcely,  if  at  all,  colored  by  the  dye.  Tlie 
researches  of  R.  Heidenhain  (1868)  have  shed  much  light  on  the  secretory  activity 
of  the  salivary  glands. 

The  change  mEy  be  produced  in  two  ways.  Either  it  is  due  to  the  "mucous  cells"  doring 
Mcretinn  beciroing  broken  up,  so  that  ihey  yield  their  mucin  directly  to  the  solivii ;  in  iali*«  ricti 
in  mucin,  sma]1  miCTDscopic  pieces  of  mucm  are  found,  and  sometimes  mucous  celU  tltemvelvrs  art 
pre*eut.  Or.  wc  mu&t  assume  that  the  mucous  celts  simply  eliminsle  the  mucin  from  their  bodiei 
\E',vnifi,  St0hr'\\  whili*,  after  a  pehml  uf  rest,  new  mucin  is  formed.  According  10  Onv  \iew,ibe 
dtrk  granular  cells  or  the  glands,  after  active  secretion,  are  simply  mucous  cclN.  which  have  divcn 
out  their  mucin.     If  we  assume,  with   Hcidenhain,  that   the   mucous  cells  break  up,  then  ihcM; 
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Ur  non  tnucous  cells  must  he  regarded  as  new  formations  produced  by  ihe  praHferalion  and 
rih  of  the  composite  tnnrginal  cells,  i.r  ,  the  crescents,  or  hairmonns  of  Gianuz^i. 

[During  rest,  the  protoplasm  setms  to  manufacture  mucigenr  which  is  changed 

Into  and  discharged  as  mncin  in  the  secretion,  when  the  gland  is  actively  secretmg. 
Phus,  the  cells  become  smaller,  but  the  protoplasm  of  the  cell  seems  to  increase, 
iew  mucigen  is  manufactured  dunnL,'  rest,  and  the  cycle  is  repeated.] 
[  144.  THE  NERVES  OF  THE  SALIVARY  GLANDS.— The  nerves 
br 


for  the  most  part  meduUated,  and  enter  at  the  hilum  of  the  gland,  where  they 
rm  a  rich  plexus  provided  with  ganglia  between  the  lobules.  [According  to 
lein,  there  are  no  ganglia  in  the  parotid  gland.]     i^Krause,  Reich,  Schliitcr,) 

All  the  salivary  glands  are  supplied  by  branches  from  two  different  nerves — 

m  the  sympathetic  and  from  a  cranial  nerve, 

1.  The  sympathetic  nerve  gives  branches  to  {a)  the  sub-maxillary  and  the 
sublingual  glands,  derived  from  the  plexus  on  the  external  maxillary  artery ;  (^) 

the  parotid  gland  from  the  carotid  plexus. 

2.  The  facial  nerve  gives  branches  to  the  submaxillary  and  sublingual  glands 
rom  the  chorda  tympani  which  accompanies  the  lingual  branch  of  the  fifth  nerve. 

The  branches  to  the  parotid  reach  it  in  a  roundabout  way.  They  arise  from  the 
tymfKUiic  branch  of  the  glosso-pharyngeal  nerve  (dog).  The  tympanic  plexus 
sends  fibres  to  the  small  superficial  petrosal  nerve  {Eckharti)^  and  with  it  these 
fibres  run  to  the  anterior  surface  of  the  pyramid  in  the  temporal  bone,  emerging 
from  the  skull  through  a  fissure  between  the  petrous  and  great  wing  of  the  sphenoid, 
and  then  juining  the  otic  ganglion.  This  ganglion  sends  branches  to  the  auriculo- 
temporal nerve  (itself  derived  from  the  third  branch  of  the  trigeminus),  which,  as 

passes  upward  to  the  temporal  region,  under  cover  of  the  parotid,  gives  branches 

this  gland  U'.  Wittich). 

The  sub-maxillary  ganglion,  which  gives  branches  to  thesub-maxillary  and 

blingual   glands,  receives  fibres  from  the  tympanico  Imgual  nerve  (Chorda  tym- 

ni),  as  well  as  sympathetic  fibres  from  the  plexus  on  the  external  maxillary 
rtery. 

Termination  of  the  Nerve  Fibres. — With  regard  to  the  ultimate  distribu- 
tion of  these  nerves  we  can  distinguish  (i)  the  vasomotor  nerves,  which  give 
branches  to  the  walls  of  the  blood  vessels,  and  (2)  the  secretory  nerves  proper. 
Plliiger  slates,  with  regard  to  the  latter,  that  (dj  medullated  nerve  fibres  penetrate 
the  acini ;  the  sheath  of  Schwann  (gray  sheath)  unites  with  the  membrana  propria 
of  the  acinus;  the  medullated  fibre — still  medullated — jtasses  between  the  secre- 
tory cells,  where  it  divides  and  becomes  non-inedullatcd,  and  Its  axial  cylinder 
inates  in  connection  with  the  nucleus  of  a  secretory  cell.     [This,  however, 

not  proved]  (Kig.  148,  F). 

(rf)  According  to  Pfltlgcr,  some  of  the  ner\e  fibres  end  in  multipolar  ganglion  cells,  which  lie  out- 
le  ihc  wall  of  the  acinus,  and  these  cetls  send  branches  to  Ihc  &ecrel>jr)'  cells  of  the  acini.  [l*hcsti 
•tU  prolmbly  correspond  to  the  branched  celU  of  the  basket-shaped  siiudure.] 
ii\  .\Eiin,  he  deicribes  meduUated  fibres  which  enter  the  aiuched  end  of  the  cylindrical  epithe- 
ihe  excretory  ducts  of  the  glands  i,E).  Ptlilj^cr  thinks  thai  those  fibres  eotenng  the 
ly  are  cerebral,  while  those  with  ganglia,  in  their  course  arc  derived  from  the  sympathetic 
fMeni. 

\i,a)  The  direct  terminatioa  of  nervt  fibre*  has  been  observed  in  the  salivary  glands  of  the  cock- 
ich  by  Kupffcr.] 

145.  ACTION  OF  THE  NERVOUS  SYSTEM  ON  THE  SECRE- 
TION OF  SALIVA.— (A)  Sub  maxillary  Gland.— Stimulation  of  the  facial 
nerve  Jt  its  origin  {Ludwi};  and  Rahn)  causes  a  profuse  secretion  of  a  thin 
watery  saliva,  which  contains  a  very  small  amount  of  specific  constituents 
\  E<khard).  Simultaneously  with  the  act  of  secretion,  the  blood  vessels  of  the 
glands  become  dilated,  and  the  capillaries  are  so  distended  that  the  pulsatile 
movement  in  the  arteries  is  projjagatcd  into  the  veins.  Nearly  four  times  as  much 
blood  flows  out  of  the  veins  (C/.  Bernani),  the  blood  being  of  a  bright  red  color, 
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and  conlains  one-third  more  O  than  the  venous  blood  of  the  non*stimuI«t«I 
gland.  Notwithstanding  this  relatively  high  fjercentagc  of  O,  the  secreting  f^land 
uses  more  O  than  the  ]>a.ssive  gland  (§  131,  i  ). 

[I.  Stimulation  of  Chorda. — If  a  cannula  be  placed  in  Wharton's  duct,  a^,, 
in  a  dog,  and  the  chorda  tympani  be  divided,  no  secretion  flows  from  the  cannula. 
On  stimulating  iht  piri/>hfrai  t'nd  0/ the  chonM  tympani  \\\\\\  an  internipted  cur- 
rent of  electricity,  the  same  tcmiUs — copious  secretion  of  saliva  and  vascular  dila- 
tation, with  increased  flow  of  blood  and  lymph,  through  the  gland — occur  as  when 
the  origin  of  the  seventh  nerve  itself  is  stimulated  The  watery  saliva  is  called 
chorda  saliva.] 

Two  functionally  different  kinds  of  ner\e  fibres  occur  in  the  facial  norve — (i) 
true  secretory  fibres,  (  2)  vaso-dilator  fibres.  The  increased  amount  of  secre- 
tion is  not  due  simply  to  the  increased  blood  supply,  as  is  proved  below. 

U.  Stimulation  of  the  sympathetic  nerve  causes  a  scanty  amount  of  a 
very  thick,  sticky,  mucous  secretion  {Hfkhard),  in  which  the  specific  salivary 
constituents,  mucin,  and  the  salivary  corpuscles  are  very  abundant.  The  spe<!ific 
gravity  of  the  saliva  is  raised  from  1007  to  1010.  Simultaneously  the  blood  ves- 
sels become  contracted,  so  that  the  blood  flop's  more  slowly  from  the  veins,  and 
has  a  dark  bluisli  color. 

The  sympathetic  also  contains  ttvo  kinds  of  nerve  fibres^(i)  true  secretory 
fibres,  and  (2)  vaso-constrictor  fibres. 

[Electrical  Variations  during  Secretion. — That  changes  in  the  electromotive  properties  of 
glands  occut  iluriii){  secretion  was  sIiohii  in  the  fro^^'sskin  by  Roeber,  Engetniann,  and  IJennatin. 
Uayliss  and  ItraiKoni  find  that  the  same  i&  true  of  the  sub-maxillary  gland  (dug).  Diirinf*  Mcrettoo 
the  excitatory  change  on  stimulating  the  chorda  is  ^poiitive  variation  of  the  current  of  rc»i  (the 
hilus  of  llic  j;land  becouuiig  marc  jjoailivc),  hut  it  is  frtrqucotly  followed  by  a  second  phase  of  opiio- 
sitc  sign.  Tlie  latent  iienoil  iv  always  verj-  short,  about  0.37".  Atropin  ab«jhshe$  the  chqnU 
variation.  On  stimulating  ihc  sympathetic,  the  excitatory  change  is  of  an  opposite  sign  to  th»t 
of  the  chorda,  and  the  hilus  becomes  less  positive,  so  that  there  is  a  Hfj^alhf  varmtiun.  It  requires 
a  more  powerful  Mimuhis,  is  less  in  amount,  and  ita  latent  period  i£  longer  (a'' -4''),  while  itropio 
lessens  but  does  not  alHjUsli  it.] 

Relation  to  Stimulus, — On  stimulating  the  cerebral  nerves,  nt  first  with  a  weak  and  graduatly 
u'tih  a  stronger  stimulus,  there  is  a  gradual  development  of  ihesecrriion  in  which  the  solid  constita- 
cnls — uccnsionally  the  organic — arc  increased  {J/n,lenfiain).  If  a  strong  siimulu*  l»c  applied  for  a 
long  lime,  the  secretion  tlimiiiislies,  becomes  watery,  and  is  poor  in  specific  comtttuenls.  csjiecr«lly 
in  the  organic  element.4,  ,which  are  more  affected  than  the  inorganic  ((.'  /.uiM'ij;  atui  BoMtr).  After 
prolongcil  stimulation  of  the  sympathetic,  the  secretion  resembles  the  chorda  laliva.  It  would  •eem, 
iherefurc,  tkat  the  eherda  anJ  sympathetic  saliva  are  nat  ipecifically  distinct,  hut  twry  only  m  t^ 
£ref.  i)n  continuing  the  stimulation  of  the  nerves  up  to  a  certain  maximal  limit,  the  rapidity  of 
secretion  becomes  greater,  and  the  percentage  of  tales  also  increases  to  a  certain  maaimuni,  and  thb 
inde[>endeiilly  of  the  former  condinun  of  the  glands.  The  percentage  of  urganic  coiisiiiuenl«  alsa 
dejvends  on  the  strength  of  the  nervous  stimulation,  but  not  on  this  alone,  as  it  is  etaentially  contin- 
gent upon  the  condition  of  the  gland  bcfotc  the  sccretiun  took  place,  and  it  s.Wi  depends  upon  the 
duration  and  iiiien^ity  of  the  previous  secretory  activity.  Very  strung  siimulaiiun  of  the  glaml  leave* 
an  "  alter  effect  "  which  predi.<ii>uses  it  to  give  off  organic  constituents  into  the  secretion  {I/fulrm- 
hnin).  A  latent  pcnod  uf  1.2  sec.  {I/ering)  to  24  sec.  [/.udwtg)  may  elapse  between  the  nenr< 
stimulation  and  the  beginning  of  the  secreuon. 

[l^ngley  has  shown  that  in  the  cat  the  sympathetic  saliva  of  the  sub- maxillary  gland  is  Itu  viscid 
than  the  chorda  saliva.  The  following  table  from  Ijinglcy  shows  the  difference  in  percentage  cow- 
pijsition  bctwren  tile  chorda  and  sympnthdic  saliva  in  the  cat: — 


Sympathetic  saliva  (weak  ) 

stimulation  .    ,    .    .    f 

Sympathetic    saliva   after  1 

mgnn.       iilro[iin  > 


(itrong  stitnulation). ) 
Chorda      saliva      (weak  t 

stimulation)  .  ,  .  .  t 
ClumU    saliva    (stronger  t 

uhnolaiiDn)  .  .    .    .   / 


OfgiDic 

SuUtuice. 

K  or  Ash. 

Tool  4 

of  ^l.dt. 

0-3535 

0.4419 

07954 

05150 

0.4540 

0.9790 

0.86566 

0.33978 

1*0544 

0-^598 

0.2756S 

0,70161 
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Relation  to  Blood  Supply. —  The  secretion  of  saliva  is  not  simply  the  result 
of  the  iiNumnt  of  tfloo.i  u>  the  glands ;  that  there  is  a  factor  independent  of  the 
changes  in  the  state  of  the  vessels  is  shown  by  the  following  facts : — 

(I  I  The  iccreiory  activiiy  of  ihc  glands  when  ihcir  ner\es  are  stitnulaied  continues  for  some  lime 
after  the  XAt^A  vc&»cU  of  the  |>la.ti()  liavc  been  ligatured  [Lttdivig,  Czermacl-,  Giammi).  [If  the 
hca<l  of  a  rabliit  be  cut  olT,  stimulaiinn  of  the  sc%'euih  nerve,  above  where  the  chorda  leaver  it,  causes 
a  flow  of  MiUva,  whicl)  cannut  be  accuunied  for  on  the  supposition  that  the  saliva  already  present  in 
the  ftaiivftry  glundt  is  forced  out  of  ihcm.  Thus  we  may  have  secretion  without  a  blood  stream. 
Tlie  saliva  ii  renlly  secreted  from  the  lymph  prcicnt  in  the  lymph  spaces  of  the  gt.ind  (Zwtrtt'/^'.)] 

(2)  Atropin  and  Daturin  extinguish  the  activity  of  the  secretory  fibres  in 
the  chorda  tynipani  {Keuchel ),  that  do  not  affect  the  vaso-dilator  fibres  {/feitlen- 
hain).  The  same  results  occur  after  the  injection  of  acids  and  alkalies  into  the 
excretory  duct  (  Gianuzzi). 

(3)  The  pressure  in  the  excretory  duct  of  the  salivary  gland — measured  by 
means  of  a  manometer  tied  into  it — may  lie  nearly  twue  as  great  as  the  pressure 
within  the  artt-rics  of  the  glands  {Luitwig),  or  even  in  the  carotid  itself.  The 
pressure  in  Wharton's  duct  may  reach  200  mm.  Hg. 

14)  Just  as  Id  the  case  of  uiuacle^  uitd  nerves,  ihe  salivary  glands  become  fatigued  or  exhausted 
aUcr  prolonged  actton.  The  result  may  al.v>  l>e  brought  almut  tiy  injecting  acids  or  alkalieit  into  lUe 
duct,  which  shows  that  the  secretory  activity  of  the  gland  i»  independent  of  the  circulation  {GiaM- 

[Action  of  Atropin. — The  x'ascular  dilatation  and  the  increased  flow  of 
saliva  due  to  the  activity. of  the  secretory  cells,  produced  by  stimulation  of  the 
chorda  tympani,  although  they  occur  simultaneously,  do  not  stand  in  the  relation 
of  cause  and  effect.  We  may  cause  vascular  dilatation  without  an  increased  flow 
of  saliva,  as  already  stated  (2).  If  atropin  be  given  to  an  animal,  stimulation  of 
the  chorda  produces  dilatation  of  the  blood  vessels,  but  no  secretion  of  saliva. 
Atropin  parat)zcs  the  secretory  fibres,  but  not  the  vasodilator  fibres  (i'ig.  152). 
Tlic  increased  supply  of  blood,  while  not  causing,  yet  favors  the  act  ot  secretion, 
by  placing  a  larger  amount  of  pabulum  at  the  disposal  of  the  secretory  elements, 
the  ccIIj,.] 

[Secretory  Pressure. — The  experiment  described  under  (3)  proves,  in  a 
detinite  manner,  that  the  passage  of  the  water  from  the  blood  vessels,  or  at  least 
from  the  lymph  into  the  acini  of  the  gland,  cannot  be  due  to  the  blood  pressure  ; 
that,  in  fact,  it  is  not  a  mere  process  of  titration  such  as  occurs  m  the  gkuneruli  of 
the  kidney.  In  the  case  of  the  salivary  gland,  where  the  pressure  within  the 
gland  may  be  double  that  of  the  arterial  pressure,  the  water  actually  moves  from 
ihc  lymph  spaces  against  very  great  resistance.  We  can  only  account  for  this 
result  by  ascribing  it  tu  the  secretory  activity  of  the  gland  cells  themselves. 
Whether  the  activities  of  the  gland  cells,  as  suggested  by  Heidenhain,  are 
governed  directly  by  two  distinct  kinds  of  nerve  fibres,  a  set  of  solid-secreting 
fibres,  and  a  set  of  water-secreting  fibres,  remains  to  be  proved.] 

All  (h«»  fACis  lead  U5  10  conclmle  that  the  nerves  exercise  a  direct  effect  upon  the  secretory  cells, 
apart  Imm  their  action  on  the  t>loo<J  vessels.  Thiy  physiological  consideration  gocH  hand  in  liand 
witlt  ihe  anatomical  fact  uf  the  direct  aiiiiinuiiy  of  nerve  tit>res  with  the  secretory  celU.  When  the 
chorda  lympani  is  extirpated  on  une  side  m  young  dogs,  the  sub- maxillary  gland  on  that  side  does 
fujt  develop  so  rauch— its  weight  is  50  per  cent  less — while  the  mucous  ccIIj  and  the  "  crescents  " 
arc  smaller  than  on  the  sound  »>idc  ( fiu/alitii). 

During  secretion  the  temperature  of  the  gland  rises  1.5°  C.  {Lmtu'ig)^  and 
ihe  blood  flowii^g  from  the  veins  is  often  warmer  than  the  arterial  blood.  [The 
electro -motive  changes  are  referred  to  at  p.  238.] 

•*  Paralytic  Secretion"  of  Saliva. — By  this  term  is  meant  the  continued 
secretion  of  a  thin,  watery  saliva  Irom  the  sub-maxillary  gland,  which  occurs 
twenty-four  hours  after  the  section  of  the  cerebral  nen^es  {chorda  of  the  seventh), 
/.  A.  those  branches  of  them  that  go  to  this  gland,  whether  the  sympathetic  be 
divided  or  not  iCY.  Bernard),     It  increases  until  the  eighth  day,  after  which  it 
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gradually  diminishes,  while  the  gland  tissue  degenerates.     The  injection  of  a 
small  quantity  of  curara  into  the  artery  of  the  gland  aUu  causes  it. 

[Keidenhain  showed  that  section  of  one  chorda  i^  followed  by  i  continuous  secretion  of  tativi 
from  (ScM  sub-maxillar>*  glands.  The  term  "  paralylic  "  secrrtion  \%  applied  to  that  which  takes 
place  on  the  side  on  which  the  ncire  is  cut,  and  l^nglcy  proposes  to  call  the  accretion  on  llie  oppo- 
site side  the  antilytic.  The  condition  of  apnoea  {\  368)  stops  almost  or  entirely  Iwth  the  para- 
lytic and  antilytic  secretion,  while  dyspnora  increases  the  Row  in  Iwth  cases;  and  as  section  of  the 
synipalhetic  tihre*  to  (he  gland  (where  the  chorda  js  nit)  arrests  Ihc  paralytic  MCietion  cxciteJ  by 
dyspn(ea,  it  is  evident  that  both  the  paraljtic  secretion  and  ibc  secretion  fullowing  dyiipnara  are 
caused  by  stimuli  triveling  down  the  sympathetic  fibres  {Langiey),  In  the  later  stages  of  the  para- 
lytic secretion,  the  cause  is  in  the  gland  itself,  for  It  goes  on  even  if  all  the  nerves  pasAtng  to  the 
gland  be  divided,  and  is  probably  due  to  a  local  ncr/e  centre.  In  this  stage  the  secretion  is 
arrested  by  a  large  dose  of  chloroform.  The  [^>aralytic  secretion  in  the  fini  stage,  accfirding  to 
Langley,  is  owing  to  a  venous  condition  of  the  blood  acting  on  a  central  sccrclury  centre  v  lio«e 
excitability  is  incrcascti ;  and  iu  the  latter  stages  probably  on  local  nerve  centres  within  the  f*land. 
The  fibres  of  the  chorda  in  the  cat  are  only  partially  «legencrated  thirteen  days  after  section  t  Long- 

^)-] 

[Histological  Changes. — In  the  gland  during  paralytic  secretion,  the  gland  cells  of  the  alreoli 
(serous,  mucous  and  demilune.'.),  diminish  in  size  and  show  the  typical  "resting"  appearance,  even 
to  a  greater  extent  than  the  nornul  resting  gland  yLan^Uy).^ 

(B)  Sublingual  Gland. — Very  probably  the  same  relations  obtain  as  in  the 
sub- maxillary  gland. 
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Dutfiam  qS  a  »;iliv;ir)-  gLittJ  {Bruntam). 


(C)  Parotid  Gland.— In  the  dog,  stimulation  of  the  sympathetic  aitme  causes 
no  secretion  ;  it  occurs  when  the  glosso-pharyngeal  branch  to  the  parotid  is  simuN 
taneously  excited.  This  branch  may  be  reached  within  the  tympanum  in  the  tym- 
panic plexus.  A  /huk  secretion  containing  much  organic  matter  is  thereby 
obtained.  Stimulation  of  the  cerebral  branch  ahtu  yields  a  clear,  thin,  watery 
secretion,  containing  a  very  small  amount  of  organic  substances,  but  a  consider- 
able amount  of  the  salts  of  the  saliva  {^Heidenhaitt). 

ReBex  Secretion  of  Saliva. — [If  a  cannula  be  placed  in  Wharton's  duct, 
e.  g.^  in  a  dog,  during  fasting,  no  saliva  will  flow  out.  If  the  mucous  membrane 
of  the  mouth  be  stimulated  by  a  sapid  substance  placed  on  the  tongue,  there  ts  t 
copious  flow  of  saliva.  If  the  sympathetic  nerve  be  divided,  secretion  still  takes 
place  when  the  mouth  is  stimulated,  but  if  the  chorda  tympani  be  cut,  secretion 
no  longer  takes  place.  Hei>ce,  the  secretion  is  due  to  a  reflex  act ;  in  this  case, 
the  lingual  is  the  afferent,  and  the  chorda  the  efferent  nerve  carrying  impulses  from 
a  centre  situated  in  the  medulla  oblongata  (Fig.  152).]  In  the  intact  body,  the 
secretion  of  saliva  occurs  through  a  reflex  stimulation  of  the  nerves  concenied, 
whereby,  under  normal  Lircutnsiances,  the  secretion  is  alwaj-s  watery  (chorda  or 
facial  saliva).  The  centripetal  or  afferent  nerve  fibres  concerned  arc — 1^1) 
The  nerves  of  taste.     [2)  The  sensory  branches  of  the  trigeminus  of  the  entire 


THEORY   OF  SAUVARY   SECRETION. 


241 


cavity  of  the  mouth  and  the  glosso-pharyngeal  (which  appear  to  be  capable  of 
being  stimulated  by  mechanical  stimuli,  pressure,  tension,  displacement).  The 
movements  of  mastication  also  cause  a  secretion  of  saliva.  PflUger  found  that  one- 
third  more  saliva  was  secreted  on  the  side  where  mastication  took  place  ;  and  CI. 
Bernard  observed  that  the  secretion  ceased  in  horses  during  the  act  of  drinking. 
(3)  The  nerves  of  smell,  excited  by  certain  odors.  (4)  The  gastric  branches  of 
the  vagus  {Frfn'ehs,  Oehl).  A  rush  of  saliva  into  the  mouth  usually  precedes  the 
;t  of  vomiting  (§  158). 

(S)  Tbe  stimulation  of  distftnt  sensory  nerves,  e.g.^  ihe  central  end  of  the  sciatic — certainty 
jugh  a  complicated  reflex  mcchanUm — coumk  a  secrciiDii  of  f^liva  {^Owijannikow  ami  Tsckier- 
•).     Stimulation  of  the  conjunctiva,  c.  ^\,  by  applying  an  irritating  fluid  10  the  eye  of  carhivomus 

limals,  causes  a  reHex  secretion  of  saliva.  i^AsfMenhandt).  Perhaps  the  secretion  of  uliva  which 
letimes  occurs  during  pregnancy  is  caused  io  s  similar  reflex  manner. 

The  reflex  centre  for  the  secretion  of  siiUva  lies  in  the  medulla  oblongata,  at 
the  origin  of  the  seventh  and  ninth  cranial  ixtrves  (Hi^khani  and  Loei>).  The 
centre  for  the  sympathetic  fibres  is  also  placed  here  [Gritltner  and  Chiapowski'). 
This  region  is  connected  by  nerve  fibres  with  the  cerebrum ;  hence,  the  thought 
of  a  savory  morsel,  sometimes,  when  one  is  hungry,  causes  a  rapid  secretion  of  a 
thin  watery  fluid — [or,  as  we  say,  "  makes  the  mouth  water  **].  If  the  centre  be 
stimulated  directly  by  a  mechanical  stimulus  (puncture),  salivation  occurs,  while 
iphyxia  has  the  same  eflTect.  The  reflex  secretion  of  saliva  may  be  inhibited  by 
tiniulation  of  certain  sensory  nerves,  e.  ^'.,  by  pulling  out  a  loop  of  the  intestine 
{^Pawiaiv).  Stimulation  of  the  cortex  cerebri  of  a  dog,  near  the  sulcus  cruciatus, 
IS  often  followed  by  secretion  of  saliva  {EuUnberg  and  Lanrfois,  Bochefoniainet 
Buhnoff  and  HeidctOtaih),  Disease  of  the  brain  in  man  sometimes  causes  a  secre- 
tion o!  saliva,  owing  to  the  effects  produced  on  the  intracranial  centre. 

So  long  as  there  is  no  stimulation  of  the  nerves,  there  is  no  secretion  of  saliva, 
in  sleep  (Mitscheriich).     JmmediaUly  after  the  section  of  all  nerves,  secretion 
tops,  for  a  time,  at  least. 

Pathological  Conditions  and  Poisons. — Certain  affections,  as  inflammation  of  the  mouth,  nea* 
Igia.  ulcers  of  tbe  mucous  incnilvane,  atVection^  uf  the  Lp.Hns,  due  to  teething  or  the  piultmged  ad- 
iiuiitration  of  mercury',  often  produce  a  copious  sccrrtinn  of  saliva  (or  ptyallem).  L'enain  poisons 
lusc  tht;  same  effect  by  direct  simulation  of  the  nerves,  as  Calabar  bean  (Physostigmin^,  (ligitalln, 
especially  pilocarpin.     Many  poisons,  especially  ihe  narcotics — above  all,  atrupin— /im/j^i/  the 
tttny  ncrve«,  so  that  there  is  a  cessation  of  the  xccrctinn.and  the  mouth  becomes  <\ry\  while  the 
liaistratiun  of  mo&carin  in  this  condition  causes  secretion  (PrrvaU).     Pilocarpin  acLs  on  the 
>nU  tymponi,  causing;  a  profuse  secretion,  and,  if  atropin  be  given,  the  secretiun  is  again  arrcstcJ. 
iverscty,  il  the  secretion  be  arrcAcd  by  airopin,  it  may  be  restored  by  the  action  of  pilocarpin  or 
phyaoaigmin.     Nicotin,  in  small  doses,  excites  the  secretory  nerves,  Uu  in  large  doaes  paralyzes 
ihem  (HeiJcnhaitt).     Daturin,  cicutin,  and  iodide  of  ;rthystrychnine,  paralyze  the  chorda. 

[Sialogogues  are  those  drugs  which  increase  the  secretion  of  saliva.  Some  are  topical^  and 
le  etieci  when  applied  to  the  mouth.  They  excite  secrttion  rcflexly  by  acting  on  the  sensory 
lerves  uf  the  mouth.  They  include  acids,  and  various  pungent  bodies,  such  as  mustard,  gui^cr, 
pyrctbnim,  tobacco,  ether,  and  chloroform;  but  they  do  not  ail  produce  the  same  effect  on  the 
Ktuni  or  '.juality  of  the  saliva ;  oiiiers,  the  general  &ialogu){ue»,  cauAu  salivation  when  introduced 
to  the  blMod,  phvMMtit^mm,  nicotin,  pilocarpin,  muscann.  The  drugs  named  act  after  all  the 
going  to  the  gland  arc  divided,  so  that  they  stjinublc  the  i>enpneral  ead«  of  the  nerves  in 
glands.  The  two  former  alw3  excite  the  central  ends  of  the  secretory  nerves.] 
[Excretion  by  the  Saliva. — Some  drugs  .-ire  excreted  by  the  saliva.  Iodide  of  potassium  b 
rapidly  elmiinaied  by  the  kidneys,  and  alsio  by  the  salivary  glands,  and  so  also  is  iodide  of  iron.] 

[Anti'Sialics  arc  those  substances  which  diminish  the  secretion  of  saliva,  and  tliey  may  lake 
cflMl  Upon  any  part  of  the  reHex  arc,  t. /.,  on  the  mouth,  the  afferent  nerves,  the  nerve  centre  and 
aflcnni  acrrea,  or  npon  the  blood  stream  through  the  glands,  or  on  the  glands  themselves.  ( >pium 
■ncS  movphia  aflect  the  centre  :  large  doses  of  physostigmin  aflect  the  blood  supply  ;  but  atropio  ia 
the  most  (wwerful  of  all,  as  «  paralyzes  the  terminations  of  the  secretory  nerves  in  the  glands,  eg.* 
the  chorda  tympani,  and  even  the  symiMUhetic  in  the  cat  (but  not  in  the  dog)  {^BruHton)J\ 

Theory  of  Salivary  Secretion. —  llcidenhain  has  recently  formulated  the  following  theory 
regarding  the  wcretion  of  saliva:  -'During  the  passive  or  quiescent  condition  of  the  gland,  the 
nrfanic  raaieriais  of 'the  sccrcttOD  arc  formed  from  and  by  the  activity  of  the  prolopliKm  of  the 
kecre«iT7  crits.  A  qmeue*%t  cell,  which  has  been  inactive  for  some  time,  therefore  cuniaiiu  lutle 
16 
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protoplasm,  and  a  lai^e  amount  of  thc&e  secretory  subUanccs.  In  an  actively  secreting  gland,  there 
arc  two  processes  occurring  iDj^ether,  but  indepeadent  of  each  other,  and  rc^uUied  by  two  diAercnt 
classes  of  nerve  libres;  secretfry  fibres  cause  ihe  aa  of  secretion,  while  trophic  jibies  cause  chemical 
processes  within  the  celU,  piirtty  resulting  ui  the  formation  of  tht.-  s^jlutvlc  constituents  of  the  secrrtion. 
and  portly  in  the  growth  of  the  protoplasm.  According  to  the  number  of  both  kinds  of  Abrcs  presetit 
in  a  nerve  passing  to  n  gland,  such  nerve  being  siimutaiedt  the  secretion  takes  place  more  rapidly 
(cerebral  nerve)  or  more  slowly  (sympathetic),  while  the  secretion  contains  Icss  or  more  lolid  cod- 
stiluen's.  The  cerebral  nerves  contain  many  secretory  fibres  and  few  trophic  fibres,  while  tbe 
iymfiiiketie  contains  more  trophic,  but  few  ^cc^ctor^'  nbrcs.  The  rapidity  and  chemical  composition 
of  the  secretion  vary  according  to  the  strength  of  the  stimulus.  During  continucfl  secretion,  tbe 
supply  uf  secretory  materials  in  the  gland  cells  is  used  up  more  rapidly  than  it  is  replaced  by  tbe 
activity  of  the  nroiopla-im ;  hence,  the  amount  of  organic  constituents  diminishes,  and  the  microsa>ptc 
characten  of  the  cells  are  altered.  Tlie  microscopic  characters  of  the  ccIU  arc  altered  also  by  the 
increase  of  the  protoplasm,  which  takes  place  in  an  active  gland.  The  mucous  cells  di.sappear,  and 
seem  to  tw  dissolved  after  prolonged  secretion,  and  tbcir  place  is  taken  tiy  ottier  cells  derived  from 
the  proliferation  of  the  marginal  cells.  The  energy  which  causes  the  ciirrcut  of  fluid  dc|>cuds  u[>i>d 
the  protoplasm  of  the  gland  celU." 

The  saliva  is  diminished  in  amount  in  man  in  csaa  oi  paralysis  of  the  faeiai  or  sympotbdic 
nerves,  as  is  observed  in  unilateral  paralysis  uf  these  nerves. 

146.  THE  SALIVA  OF  THE  INDIVIDUAL  GLANDS.— (a)  The 

Parotid  Saliva  is  obtained  by  placinga  fine  cannula  in  'S\Qi\o'sd\\v.i{£c^harJ); 
it  has  ail  alkaline  reaction,  but  during  fasting,  the  lirst  few  drops  may  be  neutral 
or  even  acid  on  account  of  free  CO^  \^Oeht)—\\.^  specific  gravity  is  1003  to  1004. 
When  allowed  to  stand  it  tjccoraes  turbid,  and  deposits,  in  addition  to  albuminous 
matter,  calcium  carbonate,  whiuh  is  present  in  the  fr&ih  saliva  in  the  form  of 
bicarbonate. 

Salivary  calculi  are  funned  in  the  ducts  of  the  saltvar>'  glands  owing  to  the  deposition  of  lime 
salts,  and  ihcy  contain  only  traces  of  the  ullier  salivary  constituents:  in  the  some  way  i&  formed  the 
tartar  uf  the  teeth,  which  contains  many  threads  of  Icptothrix,  and  tlie  remains  of  low  organtsras 
which  hvc  in  decomposing  saliva  in  carious  cavities  between  the  teeth. 

It  contains  small  quantities  (more  abundant  in  the  horse)  of  a  globuUn-hke 
body,  and  never  seems  to  be  without  C  N  K  S  sulphocyantde  of  potassium  i^or 
sodium — Treviranus^  ^Si4)t  which,  however,  is  absent  m  the  sheep  and  dog 
{Bntiei). 

The  sulpbocyaaide  gives  a  dark  red  color  (ferric  sulphocyanide)  with  ferric  chloride.  It  alio 
reduces  iortic  acid  when  added  to  saliva,  causing  a  yellow  color  from  the  liberatioa  of  todine,  which 
may  lie  detected  at  once  by  starch  {^Solera j. 

Among  the  organic  substances  the  most  important  are  ptyalin,  and  a  scuall 
amount  oi urea  y^Gobley),  and  traces  of  a  volatile  acid  (^Caproic?). 

Mucin  is  absent,  hence  the  parotid  saliva  is  Huid,  is  not  sticky,  and  can 
readily  be  poured  irum  one  vessel  into  another,  it  contains  1.5  to  1.6  per  cent,  of 
solids  in  man  {^MitscherUch^  van  SetUn),  of  which  0.3  to  1,0  per  cent,  is  inorganic- 

Of  the  inorganic  constituents — the  must  abundant  are  potassium  and  sodium  chlorides;  then 
potassium;  sodium,  and  calcium  carbonates,  some  phosphates  and  a  trace  of  an  alkaline  sulphate 

(b)  The  Sub-maxillary  Saliva  is  obtained  by  placing  a  cannula  in  Wharton's 
duct ;  it  is  alkaline,  and  may  be  strongly  so.  When  allowed  to  stand  for  a  long 
time,  fine  crystals  of  calcium  carbonate  are  deposited,  together  with  an  amorphous 
albuminous  body.  It  always  contains  mucin  (which  is  precipitated  by  acetic 
acid)  ;  hence,  it  is  usually  somewhat  tenacious.  Further,  it  contains  ptyaJin,  but 
m  less  amount  than  in  parotid  saliva ;  and,  according  to  Oehl,  only  0.0036  per 
cent,  of  potassium  sulphocyanide. 

Chemical  Composition.— Sob-maxillafy  saliva  (dog):— 

Water 991-45  per  looo. 

Organic  Matter     .    .    .      2.89 

Inorganic  Matter  .    , 


f  f,f.  \  4- 50  N'aCl  and  CaO,. 
5°°/  1. 16  CaCU,,  QUcium 


and  Magnesium  pho^hate*. 
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Mixed  Saliva  P-irotid  Sub-majtiU*rT 

(llumnn)  OJuinaii)  ^Dog) 

rWaier 99-S'  99-32  99-44 

Solidi 0.48  068  0,59 

Soluble  organic  bodies  (Plyalin) 0.13    \  ^  fo^6 

Epirhcliiim,  mucin 0.16    )  ■^  IO.17 

IniMa*'"^  '-■'''* 0.1S2  0.34  043 

I'ouuaic  sutphocyanide o  006  0.03  .  .  . 

f^Dtasac  Rntl  sodic  chlorides o»o84  ...  •   •   •  ] 

Gases.  — Pfliiger  fnttnd  that  100  cubic  cenliinelres  of  the  saliva  contained  0.6  O  to  64.7  CO, 
(pan  codid  be  fmnipcd  out,  and  port  required  the  additioti  of  phosphoric  acid) ;  o.S  N;  or.  in  100 
voi.  gns,  0.91  U;  97. 88  C'Oj,  1.21  \.     [it  therefore  conuios  much  more  CO,  than  venous  hinod.] 

(»-)  The  Sublingual  Saliva  is  obtained  by  placing  a  very  fine  cannula  in  the 
ductus  Rivinianus  (  Oeht)^  is  strongly  alkaline  in  reaction,  very  sticky  and  cohesive, 
contains  much  mucin,  numerous  salivary  corpuscles  and  some  potassium  sulpho- 
c)*a.nide  iLonget). 

147.  THE  MIXED  SALIVA  IN  THE  MOUTH.— The  fluid  in  the 
mouth  IS  a  inixiure  of  the  secretions  from  (he  salivary  glands  and  the  secretions 
of  the  mucous  and  other  glands  of  the:  mouth. 

i\)  Physical  Characters.^The  mixed  saliva  of  the  mouth  is  a  somewhat 
opalescent,  tasteless,  odorless,  slightly  glairy  fluid,  with  a  speciflc  gravity  of  1004 
10  1009,  and  an  alkaitne  reaction.  The  amount  secreted  in  twentv-four  hours 
=  aoo  to  1500  grammes  (7  to  50  oz.) ;  according  to  Bidder  and  Schmidt,  how- 
ever, 1000  to  2000  grammes.     The  solid  constituents  =  5.S  per  1000. 

Composilion. — 'llie  solids  are:  Epithelium  and  mucus,  2.2;  ptyalin  an<l  alliumin,  1.4;  salts, 
3.J;  potBoium  sulpltucyaiiide,  0.04  per  looo.  The  ash  coutaini,  chietly,  puUuh,  phosphoric  actd 
and  eUorinc  {Hammerbaeher). 

Dccomp05i[it:in  products  of  cpilhcliuni,  uliv.iry  corpuscles,  or  the  remains  of  food,  may  render 
\X  atiti  rtmforarily,  a:i  after  long  fasting  and  after  TTi\LQ\\  i^li^i\n^{//op/•^■Seyler).  Even  outside 
the  bu.ly,  saliva  containing  much  epithelium  becomes  acid  before  it  putrelics  {CorHp.tiesaHrz). 
The  reaction  is  acid  in  some  ciscs  of  d)'spepsia  and  in  fever,  owing  to  the  tiagnation  and  insum- 
dcnt  secretion. 

(2)  Microscopic  Constituents. — (a)  The  salivary  corpuscles  are  slightly 
larger  than  the  white  blood  corpuscles  (8  to  1 1  ;t),  and  are  nucleated  protoplasmic 
globular  cells  without  an  envelope.  Durmg  their  living  condition,  the  particles 
in  their  interior  exhibit  moUiutar  or  Browntatt  miyvemeitis.  The  dark  granules 
lying  in  the  protoplasm  are  thrown  into  a  trembling  movement,  from  the  motion 
of  the  fluid  in  which  they  are  suspended.  This  dancing  motion  stops  when  the 
cell  dies. 

[The  Brownian  movements  of  these  $us[^>ended  granules  are  purely  physical,  and  are  exhibited 
by  all  Ane  microscopic  panicles  suspended  in  a  liinind  Huid,  i.  ^.,  gamt>oge  rubbed  up  in  water, 
particles  of  Carmine,  charcoal,  etc.] 

(*)  r*tr^mrHt  epithelUii  ccIU  from  the  mucous  membrane  of  the  mouth  and  Inngue;  they  are 
very  dban<Lam  m  catarrh  of  the  mouth  (Fig.  I4S)> 

(»')  Ltvtn^  erganisins,  which  live  and  thrive  in  the  cavities  of  teeth  nourished  by  the  remains  of 
food.  Among  tticse  are  LrptiUhrix  buccalis  (Fig.  I44«  I2)  and  MnaH  baaeria-ltke  organiama.  The 
ihrcada  uf  the  Icittothrix  penetrate  into  the  canals  of  the  dentine  and  produce  dental  caricii  \LHUr). 
Cucct,  trficteria,  viltnofi,  spinllA  nnd  spirocbA-tit:  may  also  be  found, 

(3)  Chemical  Properties. — K_a)  Organic  Constituents. — Scrum  albumin 
is  precipitated  by  heat  and  by  the  addition  of  alcohol.  In  saltva,  mixed  with 
much  water  and  shaken  up  with  ('Oj,  2.  glodulin-likc  body  is  precipitated  ;  mucin 
occurs  m  small  amount.  Among  the  extractives,  the  most  important  is  ptyalin 
(Bcrsclius)  'f  fats  and  urea  occur  only  in  traces.  In  twenty-four  hours  130  rntlli- 
graromes  of  potassium  or  sodium  sulphocyanide  are  secreted. 

\_h')  Inorganic  Constituents. — Sotlium  and  potassium  chlorides,  potassium 
nlpliatc,  alk.iline  and  earthy  phosphates,  ferric  phosptiate. 
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Abnonnal  Constituents. — Tn  diabetes  mellilus,  Metu  ariii,  derived  from  n  further  decMnpoii* 
lion  of  B^Jpe  bujjar,  is  found  {llfhmdttn).  It  dissolve*  the  lime  in  the  te«h,  giving  rise  to  diabetic 
dental  caries.  Frerichs  found  i/ucin,  and  Vulpian  increase  of  albumin,  in  Blbuminuria.  Of  fureign 
substances  taken  into  the  body,  the  following  appear  in  the  saliva:  Mercury,  polasiium,  iodine  an! 

bioniine. 

Saliva  of  New-born  Children. — In  new-born  .children,  the  parotid  alon« 
contains  ptyalin.  The  diastatic  ferment  seems  to  be  developed  in  the  sub-maxillary 
gland  and  pancreas  ai  the  earliest  after  two  months.  Hence,  it  is  not  advisable  to 
give  starchy  food  to  infants.  No  ptyalin  has  been  found  in  the  saliva  of  infants 
suffering  from  thrush  (Oidium  albicans^Zy^rz/ir/j.  The  diastatic  action  of  saliva 
is  not  absolutely  necessary  for  the  suckling,  feeding,  as  it  docs,  upon  milk.  The 
mouth,  during  the  first  two  months,  is  not  moist,  but  at  a  later  period  saliva  is  copi- 
ously secreted  i^Korowin^  ;  after  the  first  six  months,  the  salivary  glands  increase 
considerably.  The  eruption  of  the  teeth — owing  to  the  irritation  of  the  mucous 
membrane — produces  a  copious  secretion  of  saliva. 

148.   PHYSIOLOGICAL   ACTION    OF    SALIVA.  — I.    Diastatic 

Action, —  The  most  important  part  played  by  saliva  in  digestion  is  its  diastatic 
or  amylolytic  action  {Leuchs,  iSji),  i.  g.,  the  transformation  of  starch  into  */irj/yjii 
and  some  form  of  sugar.  This  is  due  to  the  ptyalin — a  hyuirolytie  fennrni  or 
cnzym — which  acts  in  very  minute  quantity,  so  that  starch  takes  up  water  and 
becomes  soluble,  the  ferment  itself  undergoing  no  essential  change  in  the  process. 
[I*tyalin  belongs  to  the  group  of  unorganized  ferments.  Like  all  other  ferments, 
It  acts  only  within  a  certain  range  of  temperature,  being  most  active  about  40"  C. 
Its  energy  is  permanently  destroyed  by  boiling.  It  acts  best  in  a  slightly  alkaline 
or  neutral  medium.] 

Action  on  Starch. — [Starch  grains  consist  of  ^ff«tf/tf«  or  starch  enclosed  by 
coats  of  ceUuiose.  Cellulose  does  not  appear  to  be  affected  by  saliva,  so  that  saliva 
acts  but  slowly  on  raw,  unboiled  starch,  if  the  starch  be  boiled  so  as  to  swell  op 
the  starch  grains  and  rupture  the  cellulose  envelopes,  the  amylolytic  action  takes 
place  rapidly.  If  starch  paste  or  starch  mucilage,  made  by  boiling  staich  in 
water,  be  acted  upon  by  saliva,  especially  at  the  temperature  of  the  body,  the  first 
physical  change  observable  is  the  liquefaction  of  the  paste,  the  mixture  becoming 
more  Huid  and  transparent.  The  change  takes  place  in  a  few  minutes.  When  the 
action  is  continued,  important  chemical  changes  occur.] 

According  to  O'SuUivan,  Musculus,  and  v.  Mering,  the  diastatic  ferment  of 
saliva  (and  of  the  pancreas)  by  acting  u]>un  starch  or  glycogen  forms  dextrin  and 
maltose  (both  soluble  in  water).  Several  closely  allied  varieties  of  dextrin, 
distinguishable  by  their  color  reactions,  seem  to  l>e  produced  (^Briiike).  Ery- 
throdextrin  is  formed  first;  it  gives  a  red  color  with  iodine;  then  a  reducmg 
dextrm — achroodextrin,  whirh  gives  no  color  reaction  with  iodine.  The  sugar 
formed  by  the  action  of  ptyalin  upon  starch  is  maltose  (CuHnO,,  -f-  H,0), 
which  is  distinguished  from  grajte  sugar  (CiaH„(_)j.j;  by  containing  one  molecule 
less  of  water,  which,  however,  it  holds  as  a  molecule  of  water  of  hydration,  as 
indicated  in  the  formula  given  above  {Ati.  Mayer).  [Maltose  also  differs  from 
grape  sugar  in  its  greater  rotatory  power  on  polarized  light,  and  in  its  less  power 
of  reducing  cupric  oxide.  Thus,  it  will  be  seen  that  between  the  original  starch 
and  the  final  product,  maltose,  several  intermediate  bodies  arc  formed.  The 
starch  gives  a  blue  with  iodine,  but  after  it  has  been  acted  on  for  a  time  it  gives  a 
red  or  violet  color,  indicating  the  color  of  erythrodexlrin,  there  being  a  simulti' 
neous  production  of  sugar ;  but  ultimately  no  color  is  obtained  on  adding  iodine — 
achroodextrin,  whirh  gives  no  color  with  iodine,  and  maltose  being  formed.  The 
presence  of  the  maltose  is  easily  determined  by  testing  with  Fehling's  solution.] 

[Brown  and  Heron  suggest  that  the  final  result  of  the  transformation  may  be 
represented  by  the  equation — 

soluble  lUrcb.  Wftiet.  Malu»e-  AchnxxlexU'm.j 
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[The  ferment  slowly  changes  inaltu^  into  grape  sugar  or  dextrose.  This  result 
may  be  brought  about  much  more  rapidly  by  boiling  maltose  with  dilute  sulphuric 
or  hydrochloric  acid.]  Achroodextrin  ultimately  passes  into  maltose,  and  this 
again  into  dextrose ;  the  other  form  of  dextrin  does  not  seem  to  undergo  this 
change  (Seegen's  Dystropodextrin).  For  the  further  changes  that  maltose  under- 
goes in  the  intestine,  see  §  183,  II,  2.    . 

SThc  fomiula  of  starch  is  usually  expressed  ns  C«H,gO,,  but  the  researches  already  mentioacd, 
those  of  Brnwn  and  Heron,  make  it  prnl>3ble  thnt  it  is  more  cnmptex,  which  we  may  provision- 
ally rcprcicnt  by  n  (C,  ,H.j,,Oio).  According  lo  Musculus  and  Meyer,  crythrodextrin  is  a  mixture 
of  dextrin  and  *oIuhic  Marcli,] 

Preparation  of  Ptyalin.—  (i)  Like  all  other  hydrolytic  ferments,  it  is  carried  down  with  any 
copious  prcripitalc  that  is  proHurcd  in  the  fluid  which  contnins  it.  ll  is  easily  i'Mslatcd  from  the 
prtcipitalr.  The  saWvtk  is  acidulated  with  phosphoric  acid,  and  lime-water  is  added  until  the  reac* 
lion  becomes  alkalitie,  when  a  precipitate  of  hauc  cnlciuni  phosphate  occurSf  which  carries  Lhe 
ptyaJin  along  with  it.  This  prccipilAlc  iscollrclcd  on  a.  filter  and  washed  with  water,  which  dissolves 
the  [rtyalin.  and  from  its  water)-  sohitinn  it  is  precipitated  by  alcohi'i  as  white  powder.  It  is  redU- 
sotvcd  m  water  and  rcprecipiiaied.  ami  is  obtained  pure  {Cohnhfim). 

(a1  Glycerine  or  v.  IVi/fifh's  Method. — The  salivary  glands  [mt]  arc  chopped  up,  placed  in 
absohitc  alcohol  for  twenty-four  hours,  taken  out  and  dried,  and  afterward  placed  in  glycerine  for 
Mvcral  days.  The  glycerine  extracts  the  ptyalio.  It  is  precipitated  by  alcohol  from  the  glycerine 
extract. 

{^)  William  Roberts  recommends  the  following  solutions  for  extractinE  ferments  from  oi^ans 
which  contain  tbera  :  (I)  A  3  to  4  per  cent,  solution  of  a  mixture  of  2  parts  of  boracic  acid  and 
I  part  tNuax.  (I)  Water,  with  12  to  15  per  cent,  of  alcohol.  (3)  i  part  chloroform  to  200  of 
water. 

Diastatic  Action  of  Saliva.— 'f/)  The  diastatic  or  supir-forminE  action  is  known  by— (i)  The 
Ji.tii^ff,jr,tnif  of  ike  xtar,k.  When  a  !imall  igunntity  of  starch  is  Imilcd  %nth  several  hundred  times 
its  vnhime  of  water,  starch  mucila(;e  is  olntained,  which  strikes  a  blue  color  with  iodine.  If  to  a 
«mall  quantity  of  this  starch  a  Siutlicicnt  amount  of  saliva  be  added,  and  the  mixture  kept  for  some 
Ijme  at  the  iem|>eraiure  of  the  boily,  the  blue  color  riiiippears.  (2)  '\\\z praence  of  iMg^i■■  "is  proved 
directly  by  u»ing  (he  te*t«  for  sugar  (J  [49)- 

{b)  The  aciiun  tak(»  pbcc  more  slowly  ia  the  cold  llian  at  the  tetDperature  of  the  body — ils  action 
is  cnfccbird  at  55*  C.»  and  destrojed  at  75"  C.  {Patehutih\.  The  must  favorable  temperature  is 
35°  to  39°  C. 

{i)  The  (ityalin  itself  docs  not  scrm  to  be  changed  during  its  action,  but  ptyalin  which  has  been 
used  fur  one  cxperimrnt  is  less  active  whrn  use<I  the  second  time  [Pnschuim). 

IHyalin  differs  from  diastase  in  so  far  that  the  latter  first  be^ns  to  aa  at  -f  66''  C.  I*tyalin 
ilecompc>ses  salicin  into  sallgcnin  and  grape  sugar  [Frerieks  and  SiSdUi),  but  it  has  no  action  on 
cane  su|rar  and  amygdalin. 

{d\  Saliva  acts  best  in  a  slightly  alkaline  medium,  but  it  al^  acts  tn  a  neutral  and  even  in  a 
slightly  acid  tluid  ;  strong  acidity  prevent  its  acti<>n.  The  [Hyalin  is  only  active  in  ihc  stomach 
when  the  acidity  is  iloc  lo  organic  a>u/s  (lactic  or  butyric),  an<i  not  when  free  hydrochloric  acid  is 
proent  (tvm  d>  I'tlde).  In  Iwth  cases,  however,  dextrin  is  formed,  l^alin  is  destroyed  by  hydro- 
chloric acid  or  digetxion  t»y  pepsin  \Ckiltfnii<H  and  Grhti^old,  Langley).  Even  butyric  and  lactic 
acid^  fijrmed  from  grape  sugar  in  the  sinmach  may  prevent  its  action;  tait  if  the  acidity  be  Deutral- 
izcd,  the  action  is  resumed  (  Ct.  Btrnard). 

\e)  llie  addition  of  common  salt,  ammonium  chloride,  or  «odium  sulphate  (4  per  cent,  solution). 
incrtiixti  the  activity  of  the  ptyalin,  and  so  do  CO],  acetate  of  (]uinine,  strychnia,  morphia,  curam, 
0'035  per  cent,  sulphuric  acid, 

if)  Much  alcohol  and  caustic  potash  destroy  the  ptyalin;  long  exposure  to  the  air  weakens  its 
acbon,  sodium  carlMinale  anil  magnesium  sulphate  delay  the  action  {^Pfeiffer).  Salicylic  acid  and 
much  atTDj.iin  ancst  the  formation  of  sugar. 

U'l  Ciyalin  acts  very  feebly  and  very  gradually  upon  raw  starch,  only  after  2  to  3  hours 
{Sthiff)',  Mhilc  upon  txjilcd  starch  it  acts  rapidly.  [Elcncc  the  necessity  for  boil'mg  thoroughly  all 
fljirchy  foods.] 

I^t  The  various  kinds  of  starch  are  changed  more  or  less  rapidly,  according  to  the  amount  of 
eclluUj»c  which  they  contain  ;  raw  )x>iato  starch  after  two  to  three  iiours,  raw  maize  starch  after  2  to 
3  niinuic^  iliammitntcH).  Starch  cellulose  is  tUssoWed  at  55"  C.  {^NS^eti).  When  the  starches  are 
powdered  and  boiled,  they  are  changed  with  enual  rapidity. 

0 )  A  mixture  of  the  saliva  from  all  the  glands  is  more  active  than  the  saliva  from  any  single 
gland  { JakuhvwiliKh).  white  mucin  is  inactive. 

[E-fTect  of  Tea. — W.  Roberts  finds  that  tea  has  an  intensely  inhiliitory  effect  on  salivary  diges- 
tion, which  i»  due  to  the  large  quantity  of  lanniu  ctmtaiiicd  in  the  tea  leaf.  Coffee  and  cocoa  ha\'e 
only  a  sligl»t  effect  on  salivary  digestion.  The  only  way  to  mitigate  the  inhibitory  effect  of  lea  on 
Miliary  digestion  is  "  not  to  sip  the  beverage  with  the  meal,  tnit  to  eat  tirst  and  drink  afterword-"] 
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II.  Saliva  dissolves  those  substances  which  are  soluble  in  water ;  while  the  alka- 
line reaction  enables  it  to  dissolve  some  substances  which  are  not  soluble  in  water 
alone,  but  require  the  presence  of  an  alkali. 

III.  Saliva  moistens  dry  food  and  aids  the  formation  of  the  "  bolus,"  while  by 
its  mucin  it  aids  the  act  of  swallowing,  the  mucin  being  given  off  unchanged  in 
the  fteces.     The  ultimate  fate  of  ptyalin  is  unknown, 

[IV.  Saliva  also  aids  articulation,  while  according  to  Liebig,  it  carries  down 
into  the  stomach  small  quantities  of  O.] 

[y.  It  is  necessary  to  the  sense  of  taste,  to  dissolve  sapid  substances,  and  bring 
them  in  relation  with  the  end  organs  of  the  nerves  of  taste.] 

The  presence  of  a  peptone- funning  fcriiicnt  has  rcccnlljr  t)ccn  detected  in  sadiva  [//u/hfr,  AfrnmA, 
Aliittf).  This  ferment  is  likewise  said  to  occur  in  the  saliva  of  the  horHC,  which  can  also  coavcn 
cane  sagar  into  invert  sugar,  and  slightly  emuhionize  {^It^  (Eiienherger  antl  v.  Hofmfistrr).  Ac- 
cording  to  Hufmeister,  llie  baliva  of  the  sheep  has  a  digestive  action  on  cellulo&e. 

Saliva  has  no  action  on  proteids  or  on  fats. 

[Perfectly  healthy  human  saliva  has  no  poisonous  properties.  Those  observers  ( /^t;/fvr,  fW- 
pian  and  Gau/ifr),  who  obtained  poisonous  results  by  injecting  hnman  saliva  into  anitnala  probably 
Uj^ed  an  unhealthy  saliva.] 

149.  TESTS  FOR  SUGAR.— (i)Trommer's  Test  depends  upon  the 
fact  that  in  alkaline  solutions  sugar  acts  as  a  reducing  agent;  in  this  case  a 
metallic  oxide  is  changed  into  a  suboxide.  To  the  fluid  10  be  investigated,  add  }i 
of  its  volume  of  a  solution  of  caustic  potash  (soda),  specific  gravity  1.25.  and  a 
few  drops  of  a  weak  solution  of  cupric  sulphate,  which  causes  at  first  a  bluish  pre- 
cipitate consisting  of  a  hydrated  cupric  oxide,  but  it  is  redissolved,  giving  a  clear 
blue  fluid,  if  sugar  be  present.  Heac  the  upper  stratum  of  the  fluid,  and  a  yellow 
or  red  ring  of  cuprous  oxide  is  obtained,  which  indicates  the  presence  of  sugar  ; 
2CuO  —  O  =  Cu,0. 

The  solution  of  hydrated  cupric  oxide  is  caused  by  other  or(^nic  substances  ;  but  ihe  final  stBtfe, 
or  Ihe  production  of  cuprous  oxide,  is  obtained  only  with  certain  sugars — grape,  fmil  and  milk 
(but  not  cane  I  sugar.  Fluids  which  are  turbid  must  be  previously  filtered,  anil  if  they  are  highly 
colored  they  must  be  treated  with  ba^ic  lead  acetate ;  the  lend  acetate  is  afierwanl  removed  by  the 
addition  of  iodium  phosphate  and  sulwequent  filtration.  If  very  small  qusntilies  of  sugar  are 
present  along  with  compounds  of  ammonia,  a  yellow  color  itixtead  of  a  yellow  precipitate  may  l>e 
obtained.     In  duing  the  leM,  care  mu»t  be  taken  not  la  ad<l  loi}  much  cupric  sulphate. 

[(2)  Fchling's  Solution  is  an  alkaline  solution  of  potassio-tartarate  of  copper. 
Boil  a  small  quantity  of  the  deep-blue  colored  Fehling's  solution  in  a  test  tube, 
and  add  to  the  boiling  test  a  few  drops  of  the  fluid  supposed  to  contain  the  sugar. 
If  sugar  be  present  the  copper  solution  is  reduced,  giving  a  yellow  or  reddish  pre- 
cipitate. The  reason  for  boiling  the  test  itself  is,  that  the  solution  is  apt  to  de- 
compose when  kept  for  some  time,  when  it  is  precipitated  by  heat  alone.  This 
is  one  of  the  best  and  most  reliable  tests  for  the  presence  of  sugar.  In  Pavy's 
modification  of  this  test,  ammonia  is  used  instead  of  a  caustic  alkali  (§  267).] 

(3)  Buttger's  Test.— Alkaline  bismuth  oxide  tolution  is  best  prepared,  according  to  NyUnder, 
as  follows:  2  grms.  bismuth  subnitratc,  4grms.  potOK^ic  and  sodic  tartrate.  100  grms.  caustic  su<.la 
of  8  per  cent.  Add  i  c.c.  to  every  loc.c  of  the  Huid  10  be  invc*tiKaied.  When  boiled  for  several 
minutes,  the  sugar  causes  the  reduction  and  de|xisits  a  black  precipitate  of  metallic  bismuth.  [Ac- 
cording lo  Salko«>.ki  the  urine  uf  a  person  taking  rhubarb  Rives  the  sime  reaction  with  this  test,] 

(4)  Moore  and  Heller's  Test. — Caustic  potash  or  soda  is  added  until  the  miiciarc  i«.  slron(;ly 
Alkaline  ;  it  is  afterward  l>oiled.  If  sugar  be  present,  a  yellow,  brown,  or  brownish-black  colon- 
lion  is  obtained.  If  nitric  acid  be  added,  the  odor  of  burned  sugar  (caramel)  aikd  formic  add  is 
obtained. 

(5)  Mulder  and  Neubauer's  Teal.— A  solution  of  indigo  carmine,  rendered  alkaline  with 
sndic  c.irl>unaic,  i<i  uddufl  lu  the  sugar  solution  until  a  slight  bluish  colir  is  obtained.  When  the 
mixture  is  heaieil  the  color  passes  into  purple,  r^d  and  yellow.  When  shaken  with  atmospheric  air, 
the  tluid  again  liecomes  blue. 

Other  tests  arc  described  in  Vol.  ii,  3  266. 

In  all  cases  where  albumin  is  prcwnt  it  muM  l>e  removed— in  urine  by  acididaiinj;  with  acetic 
acid  and  boiling;  in  blood,  by  adding  four  times  its  volume  of  alcohol  and  afterward  tillering, 
while  the  alcuhcH  is  expelled  by  heat. 
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"specific  rotatory  power,"  is  directly  proportional  to  the  amount  of  ihe  routing  nbctance  prcKni 
in  the  solution,  so  that  the  amount  of  rotatioo  of  the  rays  indicates  the  amount  of  the  sulAiaocc 
present. 

In  Fig.  154  the  light  from  the  lamp  falls  upon  a  crystal  of  calc-spar.  Two  Nieol'a  prisms  aw 
placed  nt  v  and  s  :  v\^  movable  ruund  the  axis  of  vision,  while  s  is  fixed.  lit  m  Solcil's  double 
plate  i)f  miartiE  is  placed  ;  *.o  that  one- half  of  it  rotate*  the  ray  of  polarised  light  as  much  to  th« 
right  as  tnc  uthcr  rotates  it  lo  the  left.      In  n  the  field  of  visiion  is  covete<l  hy  a  plate  of  Jf/t  roiatorf 

3uart^.  At  A  <-  is  the  iom^nuttor,  comjiosed  of  two  right  rotatory  prisms  of  fjuart^,  which  can  he 
tsplaced  laterally  by  the  millrd  head,  ^',  so  that  the  polarized  light  piling  through  the  apparatus 
can  be  made  in  pass  ihrough  a  thicker  or  thinner  layer  of  quani.  When  these  right  roiaiory  prtsnis 
are  placed  in  a  certain  position,  the  rotation  of  the  left  rotatory  qiiartu:  at  n  is  exactly  neutralized.  Id 
this  positioti  the  scale  on  the  compensator  ha.«  its  noniu%  exactly  at  <>,  and  Imth  halves  of  the  doable 
plate  nt  m  appear  to  have  the  .'iamc  color  to  the  obser^'cr,  who  from  v  looks  ihiough  the  telescope 
placed  at  e.  Kntale  the  Nicol's  prism  at  :.■  until  a  bright  rose  colored  field  is  oUained.  In  tbii 
position  (he  telescope  must  be  so  adjusted  that  (he  vertical  line  bouitding  the  two  halves  shall  be 
dlMinctly  visible.     The  apparatus  is  now  ready  for  use. 

hill  a  lube,  I  decimetre  in  length,  with  urine  containing  sugar  or  albumin,  the  urine  being  per- 
fectly clear.  The  tube  is  placed  between  m  and  n  By  rotating  the  Nicot's  prisms,  r,  the  rote- 
color  is  again  obtained.  The  compensator  at  ^  is  then  rotated  until  both  halves  of  Ihe  field  of  visioa 
have  exactly  tlie  same  color.  \S'hen  this  is  obtained,  read  off  on  the  scale  the  number  of  d^rrei 
the  nonius  is  displaced  lo  the  right  f^uf^ar]  or  to  the  left  (albumin)  from  zero.  The  num>wrof 
degrees  indicates  directly  the  number  of  grammes  of  the  rotating  susbtancc  present  in  too  c.  c.  cf 
the  fluid.  If  the  fluid  is  vcr\'  dark-colored,  it  must  be  decolorired  by  filtering  it  through  animal 
charcoal  {Sfegtn)  [or  the  coloring  matter  may  V>e  precipitated  by  the  addition  of  lead  acetate.]  U 
the  sugary  urine  contains  albumin,  the  Utter  must  l>e  removed  by  boiling  nnd  ttttraiion.  A  turbidity 
not  removed  by  filtration  may  be  got  rid  of  by  adding  a  drop  of  acetic  acid,  or  several  dro)is  of 
sodic  carbonate  or  milk  of  Itme,  and  aAerward  filtering. 

151.  MECHANISM  OF  THE  DIGESTIVE  APPARATUS,— This 

embraces  the  following  acts  :  — 

1.  The  introduction  of  the  food  ;  the  movements  of  mastication  and  those  of 

the  tongtie ;  insalivatioti  and  the  formation  of  the  bolus  of  food. 

2.  Dcgltitiiion. 

3.  The  movements  of  the  stomach,  of  the  small  and  large  intestine. 

4.  The  excretion  of  fsecal  matters. 

152.  INTRODUCTION  OF  THE  FOOD.— Fluids  are  taken  into  the 
mouth  in  three  ways:  (i  t  Ky  suction,  the  lips  are  aj>plied  air  tight  to  the  vessel 
containing  the  fluid,  whilf  the  longiie  is  retracted  {the  lower  jaw  l")eing  often 
depressed)  and  acts  like  the  piston  in  a  suction  pump,  that  causes  the  fluid  to  enter 
the  mouth.  Herz  found  that  the  negative  pres-stire  caused  by  an  infant  while  sucking 
^3  to  10  mm.  Hg.  (2)  The  fluid  is  lapped  when  it  is  brought  into  direct  con- 
tact with  the  lips,  and  is  raised  by  aspiration  and  mixed  with  air  so  as  to  produce 
a  characteristic  sound  in  the  mouth.  (3)  Fluid  may  be /(vr^// into  the  niouth, 
and,  as  a  general  rule,  the  lips  are  applied  closely  to  the  vessel  containing  the 
fluid. 

The  solids  when  they  consist  of  small  particles  are  licked  up  with  the  lips,  aided 
by  the  movements  of  the  tongue.  In  the  case  of  large  masses,  a  part  is  bitten  off 
with  the  incisor  teeth,  and  is  afterward  brought  under  the  action  of  the  moUr 
teeth  by  means  of  the  lips,  cheeks,  and  tongue. 

153.  THE  MOVEMENTS  OF  MASTICATION.— The  aiticul.-itwn  of  the  jaw  i»  pro- 
videil  with  an  interarlicular  cartilage  (  ViJius,  ^J^7) — the  meniscus — which  prevents  lUrecl  pressure 
being  made  ujxin  the  articular  surface  when  the  jaws  ore.  energetically  closed,  and  which  alao 
divider  the  joint  into  two  cavities,  one  lying  over  the  other.  The  capsule  is  so  lax  that,  in  addition 
to  the  raiding  and  depressing  of  the  lower  jaw,  it  permits  of  the  lower  jaw  being  displaced  for- 
ward upon  the  articular  tubercle,  whereby  the  meniscus  moves  with  it,  and  covers  the  articular 
surface. 

The  process  of  mastication  consists  of  the  following  movements : — 

(a)  The  elevation  of  the  jaw  is  accomplished  by  the  combined  action  of  the 
temporal,  massetcr,  and  internal  pterygoid  muscles.     If  the  lower  jaw  was  pre- 
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isly  so  far  depressed  that  its  articular  surface  rested  upon  the  tubercle,  it  now 
backward  upon  the  articular  surface. 
i(^)  The  depression  of  the  lower  jaw  is  caused  by  its  own  weight,  aided  by 
action   of  the  anterior  bellies  uf  the  digastrics,  the  mylo-  and  genio-hyoid 
platysma  {Haller).     The  muscles  act  during  forcible  opening  of  the  moulh, 
le  necessary  fixation  of  the  hyoid  bone  is  obtained  through  the  actiou  of  the 
lo-and  sierno-hyoid,  and  by  the  sterno-thyroid  and  thyro-hyoid. 
[When  the  anicular  surface  of  the  Inwer  jaw  passes  forward  on  lo  the  tubercle,  the  external 
ptexygoidi  actively  aid  in  producing  this  {Birard). 

(c)  Displacement  of  both  or  one  articular  surface  forward  or  back- 
ward.—  During  rest,  when  the  moath  is  closed,  the  incisor  teeth  of  the  lower 
jaw  fall  within  the  arch  of  the  upper  incisors.  When  in  this  position  the  jaw  is 
protruded  by  the  external  pterygoids,  whereby  the  articular  surface  ]>asses  on  to 
the  tulicrclc  (and,  therefore,  downward),  while  the  lateral  teeth  are  thereby 
se]^)aratcd  from  each  other.  The  jaw  is  retracted  by  the  internal  pterygoids  with- 
out any  aid  from  the  fxisterior  fibres  of  the  temporals.  When  one  articular  sur- 
face is  carried  forward,  the  jaw  is  protruded  and  retracted  by  the  external  and 
internal  pterygoid  of  the  same  side.  At  the  same  time,  there  is  a  transverse 
movement,  whereby  the  back  teeth  of  the  protruded  side  are  separated  from  each 
other. 

During  mastication,  when  the  individual  movements  of  the  lower  jaw  are  vari- 
ously combined,  the  food  to  be  masticated  is  kept  from  passing  outward  by  the 
action  of  the  muscles  of  the  lips  (orbicularis  oris)  and  the  buccinators,  while  the 
tongue  continually  pushes  the  particles  between  the  molar  teeth.     The  energy  of 
the  muscles  of  mastication  is  regulated  by  the  sensibility  of  the  teeth,  and  the 
muscular  sensibility  of  the  muscles  of  mastication,  as  well  as  by  the  gener;U  sensi- 
l^ility  of  the  mucous  membrane  of  the  mouth  and  lips.     At  the  same  time,  the 
Iplftss  is  mixed  with  saliva,  the  divided  particles  cohere,  and  are  formed  into  a  mass 
'  or  bolus  of  a  long,  oval  shape,  by  the  muscles  of  the  tongue,  ready  to  be  swallowed. 

Nerves  of  Mastication. — The  muscles  of  mastication  and  the  buccinator  receive  their  motor 

tea  from  the  third  branch  of  the  Irijicmirus ;  the  niylo-hyoi<l  and  the  anterior  hclly  of  the  diga&- 
being  iaippltc<l  from  the  name  source.  The  genio-,  omo  ,  and  slerno-hyoid,  «itrriio. thyroid,  and 
I?  htroid  arc  supplied  by  the  h>-poglo&sa],  while  the  facial  supplies  the  posterior  l^elly  of  the  di- 
gaairic.  the  Mylo-hyoid.  the  platysma,  and  the  muscles  of  the  lips.  The  general  centre  fni  the 
muKclet  of  ina^lication  lies  in  Ihe  medulla  ohlongat-i  (^  3^7  !- 

When  the  mniiih  is  closed,  the  jaws  are  kept  in  contact  by  the  pressure  of  the  air,  as  the  cavity 
of  tl.c  n>ouih  Is  rendered  free  from  air,  and  the  entrance  of  air  is  prevctued  anlcriorly  by  the  lips. 
and  |»o»t«riorly  by  the  soft  palate.  The  pnawure  exerted  by  the  air  is  Ironi  a  to  4  mm.  Hg  {^Metiger 
am  J  DonJfrj). 

[The  pnxess  of  tno-^icalion  is  also  influenced  by  guiding  coniaci  sensations  from  the  Rinuth.1 
[Effect  on  the  Circulation. —  Marey  found  that  masiicaiion  trebled  the  velocity  of  the  blood 
cnrrcDt  in  the  carotid  (hor»c).  while  Francois  Frank  observed  that  the  circulation  of  Ihe  brain  (in 
man)  i«  increased :  hence  it  ii  evident  thai  mastication  implies  an  increaiied  supply  of  blood  to  the 
ner^re  centre*.] 

154.  STRUCTURE  AND  DEVELOPMENT  OF  THE  TEETH.— A  tooth  is  just  a 

tilla  of  the  mucous  membninc  uf  the  gura  which  \m%  underi^une  a  cbamctcriMic  development, 
its  simplest  form,  ait  in  the  leeih  of  the  lamprey,  the  connective-lisAue  basis  of  the  papilla  is 
eitd  with  many  tayera  of  corneous  epithelium.  In  human  teeth,  (iarl  of  the  papilla  is  trans- 
formed into  a  layer  of  calcihed  dentine,  while  the  epithelium  of  ihe  |ia]>il1a  prixluccs  (he  enamel, 
the  fang  of  the  tooth  being  covered  by  a  thin  accessory  layer  of  bone,  itie  crusta  petrosa  or 
cement. 

The  dentine  or  ivory  which  surrounds  the  pulp  cavity  and  the  canal  of  the  fang  (Tig.  155)  is 

firm,  clastic  and  brittle.     The  matrix  of  lionc,  dentine,  when  treated  in  a  certain  way,,pre!Knts 
itiar  riruclure  (c.  Ehner).     U  is  permeated  by  innumerable  long,  tortuuus,  wavy  lubes— the 
htinal  tubules  {l.etuwiHhork,  i&^Si — ench  of  which  communicates  with  the  pulp  cavity  by 
of  a  line  (Tpcning,  and  passes  more  or  leu  horizontally  outward  as  far  as  the  outer  layers  of 
dentine.     The  tubules  are  bounded  by  an  extremely  resistant,  thin,  cuticulor  membrane,  which 
>nglr  Tcssis  the  action  of  chemical  reagents.     'Ilicse  lulnile*  arc  filled  completely  by  soft  fibres, 
"fibres  of  Tomes"  (1S40),  which   are  merely  greally  elongated  and   branched  processes 
of  llie  odonioblastB  of  the  pulp  ( AKa/t/c^*^,  ^^Sj)- 
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EnaiM). 


i. 


Dentina. 


Pulp  Caviiy. 


Fig.  155.  Tlie  dentinal  tulmles.  as  well  as  the  6brc»  of  Tq 

anssiomost;  throughout  their  entire  extent  by  meaiB 
of  fine  processes.  As  the  fibres  approach  the  enund, 
which  they  do  not  |>enctrate,  some  of  them  bend  on 
themselves,  and  form  n  loup  (Fig.  158,  C],  while 
others  pass  into  the  "  interglobular  spaces  "  I  Ft{, 
157)  which  are  so  abumlant  in  the  outer  put  of  the 
dentine  \Cz^rma^,  iSjo).  The  inrerglobalar  spices 
arc  small  stwcw  bouTidcd  by  curved  surfaces.  Cer- 
tain curve<(  lines.  "  Schrei^er's  tines  "  (1800),  may 
be  detected  with  the  naked  eye  in  ihe  dentine  (/.  ^^ 
of  the  eUuhaiil's  luitk)  running  parallel  with  tKe 
contour  of  the  tooth.  Tliese  are  caused  liy  the 
fact  that  at  these  parts  all  the  chief  corves  in  ihe 
dentinal  lulmles  follow  a  similar  course  {Jfftejm, 
fSj7). 

The  enamel,  Ihe  hardest  substance  in  the  body 
(resembling  apatite),  covers  the  crown  of  the  leelhL 
It  consbts  of  hexagonal  flattened  prisms  (  Malpigki, 
iSdf)  arranged  side  hy  side  like  a  palisade  { Fig.  1 58. 
B  and  C).  They  are  3  to  5  /*  (ja'au  inch)  bnwl, 
not  quite  uniform  in  thickness,  curvnl  ftlighily  in  dif- 
ferent directions,  and  owing  to  inef^ualities  of  thick- 
ness, they  exhibit  transverse  mnrkinj^.  They  are 
elongated,  calcified,  cylindrical,  epithelial  cells  de- 
rive:! from  the  dental  papilla.  Retxius  descrilied 
dark  brown  lines  running  parallel  with  the  otiier 
boundar}'  of  the  enamel,  due  lo  the  presence  of 
pigment  {Hg.  155).  The  fully-formed  enamel  u 
negatively  doubly  refractive  and  uniaxial,  while  the 
•developing  enamel  ts  positively  doubly  refractive 
(//.y*//  SryUr\, 

The  cuticula  or  Nasniyth's  membrane  {\%yi\ 
covers  the  free  surface  of  the  enamel  as  a  completely 

structureless  membrane,  i  lo  2  /i  thick,  but  in  nuile  young  leeth  It  exhibits  an  epithelial  stnictuic. 

and  is  derived  from  the  outer  epithelial  layer  of  the  enamel  organ. 

Fig.  157. 


y 


CejDcot. 


LoofiUMlitul  iccdou  of  an  incisor  tiwth. 


Fig.  156. 


■ii^ya 


Trail^icrvr:  *i:Lli':iii  ■  I  (tcntiiie — Tlie 
light  rings  arc  the  walls  of  the 
dentinal  tiihiilcs  ;  the  dark  cen- 
tra Willi  ih«  llghi  pclnti  ar« 
the  6brc«  of  Tomes  lyinf  in  the 
tubulin. 


InterglobuLar  tpacct  la  dcntlDe  (^cVnit). 


The  cement  {John  ffuntfr^  O?^)  oi"  crusts  petrosa,  is  a  thin  layer  of  bone  onvering  the  fang 
(Fig.  159,  a).  The  bone  lacunx  communicate  directly  with  the  dental  tubules  of  the  fang. 
Haversian  canals  and  lamella:  are  only  found  where  ilie  layer  of  cement  is  thick,  and  the  fonser 
may  communicate  with  the  pulp  cavity  {SaUer).     Very  ihio  layers  of  cement  may  be  devoid  of 
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bone  corpuKles.  Sharpey's  fibres  occur  in  Ifac  cement  of  the  dog't  tooth  { IVa/dri'er) ;  while  in  the 
horse'}  tooth  sin);le  bone  curpuscles  arc  enveloped  by  a  capsule  f  Grrber).  In  the  periodontal 
membrane,  which  is  just  the  periosteum  of  the  alveolus,  coiU  of  blood  vessels  similar  lo  (tie  rennl 
Clomenili  occur.  They  anastoniose  with  each  other,  and  are  surrcunded  by  a  delicate  capsule  uf 
cotinective  tissue  (C  Het//). 

Fig.  158, 


M\   -  _t^: 


B 


)4a«l)l  between  ihc  dentine  and  coaael,    a,  enamel;  r,  dentinal  lubulex;  B,  enamel  prisms  highly 
tna(niri«d ;  C,  tnuuvcn«  tcctltina  of  enaraci  priBtni. 


Fic.  159. 


^ 


Chemistry  of  a  Tooth.  -The  teeth  consist  of  a  {ii-LiLtin-yieldinc  matrix  infiltrated  with  calcium 

loflphote  aiKl  carbonate  (liVe  bone),     (i)  The  dentine  contains — organic  matter,  27.70;  calcium 

losphate  and  carbonate,  72.06 ;  magnesium  phosphate,  0.75,  with  traces  of  iron,  fluorine,  and 

Iphuhc  acid  {Afir,  Hoppe-SeyhA. 

(21  The  CDarael  contains  an  orijanic  proteid  matrix 
allied  tc  the  substance  of  epithelium.  It  conuins  3.60 
organic  matter  and  96.00  of  cataum  phosphate  ami  car- 
boaaie,  1.05  magnesium  ph>»phate,  with  traces  of  cal- 
dnm  fluoride  and  an  insoluhte  chlorine  compound. 

y\)  The  cement  is  identical  with  bone. 

The  Pulp  in  a  fully  prown  tooth  represents  the  re- 
mainder of  the  demal  papilla  amund  which  the  dentine 
was  deposited.  It  con&ists  of  a  vcrj*  vascular,  intHn- 
linctly  fil>rill3r  connective  tissue,  laden  with  cells.  Tlic 
layers  uf  cells,  resembling  epithelium,  which  lie  in  direct 
contact  with  the  dentine,  arc  called  odontoblasts  ( IVal- 
deyer^  iS6^),  /.  r,  those  cells  which  build  up  the  dentine. 
Tlie  cells  send  off  lonjj  branched  processes  into  the  den- 
tinal iubule«.  while  their  nucleated  bodies  lie  on  the  sur- 
face of  the  pulp,  and  form  connections  by  processes  with 
other  cells  of  the  pulp  and   with   neighlwring  ndonto- 

I blasts.     Numerous  non-medullalcd  nerve  tibres  (sensory 
firom   the   trigeminus)   whose    mode   of   termination   is 
wkrKiwn,  occur  in  the  pulp. 
I  The  periosteum  or  periodontal  membrane  of  the  fang  is,  at  the  same  time,  the  alveolar  peri- 
pRcuni.  and  consists  of  delicate  connective  ti.wue,  with  few  eln.stic  fibres  and  many  nerves. 
'    The  gums  .irc  devoid  of  mucous  glands,  very  vascular,  and  often  provided  with  long  vascular 
papill.T.  which  are  iomelimes  compound. 

Development  of  a  Tooth. — It  begins  at  the  end  of  the  second  month  of  fretal  life.     Along  the 

rbole  length  of  the  frrlal  gum  is  a  thick  projecting  ritlgc  (Fig.  160,  a),  composctl  of  many  layers 

•pith^lium.     A  itepre&siun,  the  J^ntai f^rocr>e,  also  filled  with  epithelium,  occurs  in  the  gum,  and 

under  the  ridge.     The  dental  groove  becomes  deeper  throughout  its  entire  length,  and, 

c  section,  presents  the  apjicaranct:  of  a  dilated  Bask  {6),  while,  at  the  same  time,  it  is 

ili...  «UM  elongated  epithelial  cells,  which  form  the  "enamel  organ."     A  conical  papilhe  (the 

'dentine  germ  *'  grows  up  from  the  mucr.u.s  tUsue,  of  which  the  gum  ccmsists,  toward  the  enamel 

;ari  (I'tg.  161.  r),  so  that  ihe  apex  of  the  papilla  comes  to  have  the  enamel  organ  resting  U|>on  it, 

t«  a  double  cap.     Afterward,  owing  to  the  development  of  connective  tissue,  the  parts  of  the 


Tranxvene  »ection  of  the  ^a.n}^.  a,  cement  with 
h(m»  cnrpiucle* ;  b,  deniine  wiili  dentinal 
lutiula  -,  <,  Irotiadary  hetwecn  t>oth. 


252 


ERUPTION   OF  THE  TEETH. 


enunel  organ  tying  between  and  uniliDg  the  individual  dentioe  genns  disappear,  and  giaduaUf 
the  conneciive  \\viue  forms  a  tooth  sac  enclosing  the  papilla  and  its  enamel  organ  i<^). 

Those  epithelial  cellx  (Fig.  i6i,  5)  of  the  enamel  organ  which  lie  neil  the  lop  of  the  papilla,  art 
cylindrical,  and  become  calcifrcd  to  form  enamel  prtuns.  Tlie  layrr  of  celU  of  the  double  caji, 
which  h  directed  toward  the  tooth  sac  (i),  becomes  tlattened,  fuses,  underg«cs  a  hurny  rrati^forma* 
tion,  and  becom'-it  the  cuticula,  while  the  celU  which  lie  between  Uith  layers  undergo  an  intcnne' 
diate  metamorphosis,  so  that  Lhey  come  to  resemble  the  branchnt  stellate  cells  of  the  mucous  liuue 
(2),  and  gradually  disappear  altogether. 

The  dentine  is  fonnetl  in  the  most  supcriicial  layer  of  the  projecting  connective  tissue  of  the 
dental  papilla,  owing  to  the  calcification  of  the  continuous  layer  of  odontoblasts  which  occur  there 
(Figs.  161  and  163, 1^).  During  ihc  process,  tibrcs  or  branches  of  thcM  cells  are  left  unalfecied. 
and  remain  a.H  the  Bbres  of  Tomes.  Exactly  the  same  process  occurs  as  in  the  formation  of  \<tmt. 
the  odontotilosts  forming  around  themselves  a  calcified  matrix.  The  cement  is  formed  from  the 
soft  connective  tissue  of  the  dental  alveolus. 

Dentition. —  I>urtng  the  development  of  the  6rst  (temporary  or  milk)  teeth,  a  special  enamel 
organ  (Fig.  161,  c)  is  formed  near  these,  but  it  does  not  undeif;o  ■ievelopmcnt  until  the  milk  teeth 
are  shed;  even  the  papilla  is  wanting  at  fir^t.  When  the  permanent  tooth  begins  to  develop,  u 
opens  into  the  alveolar  wall  of  the  milk  teeth  from  below. 

The  tissue  of  this  dental  sac  causes  ero&lon,  or  eating  away  of  the  fang,  and  even  of  the  body,  of 
the  milk  teeth,  without  its  blood  vesseU  undergoing  ntrupliy.  The  chief  agents  in  the  abw^rptioa 
are  the  amcebotd  cells  of  the  granulation  tissue,  [^tuki^^cle3r  giant  cells  also  crude  the  (angs  of 
the  teeth.] 


KiG.  160. 


Fig.  161. 


Fig.  i6z. 
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Pental  rulcc:  i,  ea-unel 
Onpo  :  c>  ^ginning  i^r  the 
deniitic  tfcrm :  ti",  fmt  indl- 
csilon  or  the  tooth  uc. 


a,  Dcnul  ridge :  i.  ctumel  orean  with  (1) 
gulcr  apilhclium,  {3)  middla  alellcM 
U>-cr,  (3)  eoainel  priam  cell  biyer :  c. 
denticle  cerm  with  blood  vttMeb  atM 
the  long  okteobUsti  on  the  surface ,  J, 
tooUt  UkC ;  /,  secondary  stuuncl  licrm. 


«r,: 


Dental  ridge  :  b.  etumcl  or 
r.dcnU&c  etrm;/',< 
dentine ;  A,  Lntervxl  be1*«ca 
enamel  orean  jind  the  poutim 
of  the  tootb  ;  A,  Ltycr  of  «k«i' 
tobbtitA, 


Eruption  of  the  Teeth. — The  following  is  the  order  in  which  the  twenty  milk  teeth  cut  the 
gum,  *.<-.,  from  the  seventh  month  to  the  second  year :  Lower  central  incison.  upper  central  incbors, 
upt>er  lateral  incisors,  lower  lateral  incisors,  first  molar,  canine,  the  second  molars. 

[The  tigurcs  indicate  in  months  the  period  of  eruption  of  each  tooth.] 


Xtobn. 

t:aiilaes. 

Incison. 

CanlDei. 

Motan. 

24     «3 

t8 

9  7  7  9 

iS 

24     la 

[The  permanent  teeth  succeed  the  milk  teeth,  the  process  beginning  about  the  j/r'<wMN«^. 
Ten  teeth  in  each  jaw  take  the  place  of  the  milk  teeth,  whdc  six  teeth  ap[>car  further  back  in  each 
jaw.  Thus,  the  total  number  of  pcnnancnt  teeth  is  thirty-two.  As  the  sacs  from  which  the  perma- 
nent teeth  are  developed  arc  formed  before  birth,  they  merely  undergo  the  same  proceu  of  derel- 
opmeni  as  the  temporary  teeth,  only  at  a  much  later  period.  TIic  last  of  the  pcnnancnt  molars — 
the  '.i'isiiom  toofh~~XDH.y  not  cut  the  jaw  until  the  sn'fHtfenth  to  the  twenty /t ft h y^ar.  At  the  ««th 
year  the  jaw  contains  the  largest  number  of  teeth,  as  all  the  temporary  teeth  are  jtre^nt.  and.  in 
.addition,  the  crowns  of  all  Uic  i>crmancnl  teeth,  eKCC[>t  the  wisdom  tooth,  making  forty-eight  in  all.] 

[Eruption  of  Permanent  Teeth. —  The  age  at  which  each  tooth  cuts  the  gum  is  given  in  yean 
in  the  Ibllowtttg  table : — 


MOVEMENTS   OF   THE   TONGUE. 


253 


MoUn. 

BicDfptd. 

Csntno, 

Inchof*. 

CudMi. 

Bkoqrid. 

Mot»«. 

17      IJ 

to     to    6 
as    13 

10    9 

II    lo    12 

8778 

II   to    12 

■ 

9     10 

IJ    X7 

6     lo    to 

>3    as 

[Action  of  Drugs  on  the  Teeth. — All  the  conditioos  for  putrefaction  are  evidently  present  in 
the  momh,  aud  when  putrefoaion  occurs,  the  products  (often  acid)  attack  the  dentine  of  the  teeth 
And  ha&tcn  their  decay.  Hence,  the  necessity  for  thorough  daily  cleansing  of  the  teeth  and  mouth. 
'llie  teeth  may  be  cleaned  hy  means  of  a  solt  tooth  hru:^h  anu  water,  with  or  without  the  use  of  any 
of  the  numerous  dentifrices,  such  as  powdered  chalk  or  charcoal.  Astrin|>enlB,  such  as  catechu 
And  areca  nut.  are  soroeiinies  used.  Mineral  acids,  of  course,  attack  the  teeth,  and  ought,  when 
Ukca,  to  be  sucked  through  a  tube.] 

155.  MOVEMENTS  OF  THE  TONGUE.— The  tongue,  being  a  mus- 
cular organ  i^.-ln/iuus,  a.d.  Si),  and  extremely  mobile,  plays  an  important  part 
in  the  process  of  mastication:  {i)  It  keeps  the  food  from  passing  from  between 
the  molar  teeth.  (2)  It  collects  into  a  bolus  the  finely  divided  food  after  it  is 
mixed  with  saliva.  (3)  When  the  tongue  is  raised,  the  boltjs  lying  on  its  dorsum 
^_^  is  pushed  backward  into  the  pharynx,  whence  it  passes  into  the  oesophagus. 
H|  The  muscular  fibres  of  the  tongue  run  in  three  directions — hngitudinalh\  from 
^B  base  to  tip ;  transv€rs€!}\  the  fibres  for  the  most  part  proceeding  outward  from  the 
^P  vertically  placed  septum  linguae ;  vertically^  from  below  upward.  Some  of  the 
^^  muscles  are  confined  to  the  tongue  (intrinsic),  while  others  (extrinsic)  are  attached 
[       beyond  it  to  the  hyoid  bone,  lower  jaw,  the  styloid  process,  and  the  palate. 

^^H     Microscopically,  the  tibrtrs  arc  transversely  striated,  with  a  delicate  sarcolemma,  and  ver)*  often 
^^■uiey  are  divided  where  they  are  inserted  into  the  mucous  membrane  i^LeeMXttnhoek\.     The  muscu- 
Ur  bundles  cross  each  other  in  various  directions,  and  in  the  interspaces  fnt  cells  and  glands  occur. 

On  analyzing  the  lingual  movements,  we  may  distinguish  changes  in  form  and 
changes  in  position  :- — 

(i)  Shortening  and  broadening  by  the  longitudinal  muscle,  aided  by  the  hyo- 
glossus. 

(2)  Elongation  and  narrowing,  by  the  transversus  linguae. 

(3)  The  dorsum  rendered  concave  by  the  transversus  and  the  simultaneous  action 
of  the  median  vertical  fibres. 

(4)  Arching  of  the  dorsum — (a)  Transversely,  by  contraction  of  the  lowest 
transverse  bundles ;  (J>)  longitudinally,  by  the  action  of  the  lowest  longitudinal 
^jnuscles. 

(SJ  Protrusion,  by  the  genio-glossus,  while  at  the  same  time  the  tongue  usually 
:omes  narrower  and  longer  (2}. 

(6)  Retraction,  by  the  hyo-glossi:s  and  stylo-glossus,  and  (i)  usually  occurring 
It  the  same  time. 

(7)  Depression  of  the  tongue  into  the  floor  of  the  mouth,  by  the  hyo-glossus. 
The  floor  of  the  mouth  may  be  made  deeper  by  simultaneously  depressing  the 
hyoid  bone. 

(8)  Elevation  of  the   tongue  toward  the  gums— (a)  At  the  tip  by  the  anterior 
Lrt  of  the  longitudinal  fibres;  ib)  in  the  middle  by  elevating  the  entire  hyoid 

bone  by  the  mylo-hyoid  {^N.  trigeminus)  \  {c')  at  the  root  by  the  stylo-glossus  and 
paUto-gtossus,  as  well  as  indirectly  by  the  siylo-hyoid  {N.  faciaiis). 

(9;  Lateral  movements,  whereby  the  tip  of  the  tongue  passes  to  the  right  or 
left ;  these  are  caused  by  the  contraction  of  the  longitudinal  fibres  of  one  side. 

Motor  Nerves. — The  proper  motor  nerve  of  the  ton^e  is  the  hypoglossal.    Wheu  this  nerve  is 

d       '  ;araly2«d  on  one  side,  ihc  tip  of  the  tongue  lying  in  the  floor  of  the   mouth   is  directed 

|l<  i'ound  side,  because  the  tonus  of  the  non  paraly/ed  longiiurlinal  tibrcs  shortens  the  sound 

ftu^..  ^..^  ..ily.    If  the  tongue  lie  proiruded,  huMcvcr,  the  Up  passes  toward  the  p<traty%<d  side.  I'his 

arises  from  the  direction  of  the  gcnio-glussus  (from  the  middle  downward  and  outward),  and  the 
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tongue  follows  the  direaion  of  its  action.     T1)e  tongues  of  animals  which  have  been  lulled  esUlNt 
fibrillar  contractiaiiB  of  the  muscles,  sometimes  lasting  for  a  whole  day  [Cam^anus,  fjj'^h 

156.  DEGLUTITION. "The  onward  movements  of  ihc  contents  of  the 
digestive  canal  are  effected  by  a  special  kind  of  action  whereby  the  tube  or- canal 
contracts  upon  its  contents,  and  as  this  contraction  proceeds  along  the  tut»c,  the 
contents  are  thereby  carried  along.  This  is  the  **  peristaltic  movement,'*  ot 
peristalsis. 

In  the  first  and  most  complicated  part  of  the  act  of  deglutition,  we  distinguish 
io  order  the  following  individual  movements: — 

(i)  The  aperture  of  the  raouth  is  closed  by  the  orbicularis  oris  (Ni  facialis). 

(2)  The  jaws  are  pressed  against  each  other  by  the  muscles  of  mastication  (JVI  ' 
irigeminus)t  while  at  the  same  time  the  lower  jaw  affords  a  fixed  point  for  the  ac- 
tion of  the  muscles  attached  to  it  and  the  hyoid  bone. 

(3)  The  tip,  middle,  and  root  of  the  tongue,  one  after  the  other,  are  pressed 
agamst  the  hard  palate,  whereby  the  contents  of  the  mouth  are  propelled  toward  I 
the  pharynx. 

(4J  When  the  bolus  has  passed  the  anterior  palatine  arch  (the  mucus  of  the 
tonsillar  glands  making  it  slippery  again),  it  is  prevented  from  returning  to  the 
mouth  by  the  palatoglossi  muscles,  which  lie  in  the  anterior  pillars  of  the  fauces, 
coming  together  like  two  side-screeus  or  curtains,  meeting  the  raised  dorsum  of 
the  tongue  (Stylo-glossus— Z's^'W/,  fSj/). 

(5)  The  morsel  is  now  behind  the  anterior  palatine  arch  and  the  root  of  the 
tongue,  and  has  reached  the  pharynx,  where  it  is  subjected  to  the  successive  action 
of  the  three  pharyngeal  constrictor  muscles  which  propel  it  onward.  The  action 
of  the  superior  constrictor  of  the  pharynx  is  always  combined  with  a  horizontal 
elevation  (Levator  veli  palatini ;  A',  faciaiis),  and  tension  (^Tensor  veli  i>alatini; 
N.  trigeminus,  of ic  ganglion)  of  the  soft  palate  {Bidiicr,  i8j8).  The  upper  con- 
strictor presses  ^through  the  pterygo-pharyngeusi  the  posterior  and  lateral  walls  of 
the  pharynx  tightly  against  the  posterior  margin  of  the  horizontal  tense  soft  palate 
(^Passavant),  whereby  the  margins  of  the  posterior  palatine  arches  (palaio-j^haryn- 
geus)  are  approximated.  The  pharyngo-nasal  cavity  is  thus  completely  shut  off, 
so  that  the  bolus  cannot  be  pressed  backward  into  the  nasal  cavity. 

In  persons  with  congenital  or  acquired  defects  of  the  soft  palate,  or  cleft-palaie,  during  snrallow. 
ing  food  p-tsscs  into  the  nose. 

I'he  Elevation  of  the  Soft  Palate  may  be  dcmonbtralcd  by  placing  a  light  straw  along  the 
flcxir  nf  the  nrrsc,  to  th.it  Its  ])ostcnur  end  rests  on  the  soft  palate. 

Durii^  swallowing,  the  end  projecting  from  the  ao«e  Uesccnda,  because  of  the  ele?atioii  of  the 
end  reding  on  the  solt  palalc. 

(6)  Falk  and  Kronecker  assert  that,  by  the  energetic  contraction  of  the  muscles 
which  diminish  the  cavity  of  the  mouth,  especially  the  mylo-hyoid,  the  bolus  is 
projected  into  the  pharynx  and  cesophagus. 

If  we  make  a  scries  of  efforts  to  swallow,  one  after  the  other  (as  in  drinking), 
contraction  of  the  pharynx  and  cesophagus  takes  place  only  after  the  /j.f/ effort. 

Thus,  each  new  act  of  deglutition  in  the  mouth  inhlNts  (hy  .stimulation  of  the  glouO'pharyi^al 
nervcj  the  movements  in  the  parts  of  the  uesophagcal  tulx:  t^itualcd  below  il. 

(7)  The  bolus  is  propelled  onward  by  the  successive  contraction  of  the  upper, 
middle,  and  lower  constrictors  of  the  pharynx  until  it  passes  into  the  oesophagus. 
At  the  same  time  the  entrance  to  the  glottis  is  closed,  else  the  morsel  would  jiass 
into  the  larynx,  or,  as  is  generally  said,  would  "jxiss  the  wrong  way." 

Duration. — .-Vccording  to  Meh^er  and  Kronecker,  the  duration  of  deglutition  in  the  mouth  t* 
0.3  sec;  then  the  conslncturs  of  the  ph.ary»x  cuntruct  0.9  sec;  afterward,  (he  upper  port  of  the 
cesophagus;  then  after  1.8  seethe  middle;  and  alter  another  3  seethe  lower  constrictor.  The 
closure  of  the  cardia,  after  the  entrance  of  the  bolus  into  the  stomach,  is  the  final  act  in  Ibe  toUl 
series  of  movements. 

Sounds  during  Deglutition. — If  the  region  of  the  stomach  be  auscultated,  during  the  act  of 
swallowing  two  sounds  may  t^e  heard ;  the  tiru  one  is  produced  when  the  bolus  is  pf"jccied  tato 
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le  stomach ;  the  mcothI  occurs  when  the  peristalsis,  which  taltes  place  at  the  end  of  swaUowmg, 
»queczci  the  contents  of  the  ce»ophagus  through  the  cardm  {^MfUur^  Zmker,  Ewali). 

The  closure  of  the  glottis  is  effected  in  the  following  manner:  {a)  The 
whole  larynx — the  lower  jaw  being  fixed — is  raised  upward  and  fonvard,  while  at 
the  same  time  the  root  of  the  tongue  hangs  over  it.  The  hyoid  bone  is  raised 
forward  and  upward  by  the  genio-hyoid,  anterior  belly  of  the  digastric  and  mylo- 
hyoid :  the  larynx  is  approximated  close  to  the  hyoid  bone  by  the  thyro-hyoid 
(Brrrngar,  /j^/;.  {^)  When  the  larynx  is  raised  so  that  it  comes  to  lie  below 
the  overhanging  root  of  the  tongue,  the  epiglottis  is  pressed  downward  over  the 
entrance  to  the  glottis^  and  the  bolus  passes  over  it.  In  addition,  the  epiglottis 
is  pulled  down  by  the  special  muscular  fibres  of  the  reflector  cpiglottidis  and 
aryepiglotticus  {ThieU). 

Injury  to  the  Epiglottis. — Intentional  injary  of  the  epiglottis  in  anJnuIs,  or  its  destruction  in 
nan,  may  cau&c  fluid!)  to  "%m  the  wrong  waiy/'  i.  e.,  Into  the  glottis,  while  lolitl  fwd  can  be  swal- 
lowed without  disturbance.  In  dojfs,  at  any  rate,  colored  fluids  placed  on  the  root  of  the  tongue 
ha%e  been  observed  to  pass  directly  into  the  pharynx  xvithout  coining  into  contact  with  it,  so  ai  to 
tinge  the  upper  surface  uf  the  epiglottis  i^Mugtna'ie,  S<fttff).  [The  basis  of  the  epiglottis  is  yellow 
claJwic  cartilage,  so  that  it  shows  no  tcndcnc)'  to  owify,  and  always  retains  its  elasticity.] 

(^)  Lastly,  the  closure  of  the  glottis  by  the  constrictors  of  the  larynx  (§  313, 
II,  3)  also  prevents  the  entrance  of  substances  into  the  larynx  i^Czermak). 

In  order  that  the  descending  bylus  may  be  prevented  from  carrying  the  pharynx 

ith  it,  the  stylo-pharyngeus,  salpingu-pharyngeus,  and  baseO'pharyngeus  contract 
ipward  when  the  constrictors  act. 

Nerves. — Deglutition  is  voluntary  only  during  the  time  the  bolus  is  in 
the  mouth.  When  the  food  passes  itiroiigh  the  palatine  arch  into  the  gullet 
the  act  becomes  involuntary,  and  is,  in  fact,  a  well-regulated  reflex  action. 
AVhen  there  is  no  bolus  to  l>e  swallowed,  voluntary  movements  of  deglutition  can 
be  accomplished  only  within  the  mouth  ;  the  pharynx  only  takes  up  the  move- 
ment provided  a  bolus  (food  or  salivaj,  mechanically  excites  the  reflex  act.  The 
afferent  nerves,  which,  when  mechanically  stimulated,  excite  the  involuntary  act 
of  deglutition,  are,  according  to  Schrteder  van  der  Kolk,  the  palatine  branches  of 
the  trigeminus  (from  the  spheno-palatine  ganglionji  and  the  pharyngeal  branches 
of  the  vagus  (  WalUr,  Pnvosi).  The  centre  for  the  nerves  concerned  (for  the 
striped  muscles)  lies  in  the  superior  olives  of  the  medulla  oblongata.  Swallowing 
can  be  carried  out  when  a  person  is  unconscious,  or  after  destruction  of  the  cere- 
brum, cerebellum,  and  pons  (^  367,  6;.  [Even  in  the  deep  coma  of  alcoholism, 
the  tube  oi  a  stomach  pump  is  readily  carried  into  the  stomach  reflexly,  provided 
the  surgeon  passes  it  back  into  the  pharynx,  to  bring  it  within  the  action  of  the 
constrictors  of  the  pharynx.] 

The  nerves  of  the  pharynx  are  derived  from  the  pharyngeal  plexus,  which 

:eives  branches  from  the  vagus,  glosso-pharyngeal,  and  sympathetic  (^i^  352,  4). 

Within  the  oesophagus,  whose  stratified  epithelium  is  moistened  with  the  mucus 
derived  from  the  nmcoiis  glands  in  its  walls,  the  downward  movement  is  involun- 
tary, and  depends  upon  a  complicated  reflex  movement  discharged  from  the  centre 
for  deglutition.  There  is  a  peristaltic  movement  of  the  outer  longitudinal  and 
inner  circular  non-striped  muscular  fibres. 

In  the  upper  part  uf  the  ucM>ph.igiis,  which  contains  striped  muscular  fibres,  the  [^Hrristalsis  takes 

place  more  quickly  than  in  Ihc  lower  part.     The  movements  of  tlie  ccsf^phagus  never  occur  inde« 

lodcnLly,  but  are  always  the  continuation  of  a  foregoing  a.':x  of  deglutition.     If  food  be  introduced 

ito  the  ocMphaguji  ihtuugh  a  hole  in  its  wait,  there  it  lies ;  and  tt  is  only  carried  downward  when  a 

ivcmcnt  In  swallow  is  made  (  Velkmann).     The  petistolsis  extends  along  the  wluile  length  of  the 

onophogas,  cren  when  it  is  ligatured  or  when  a  pan  of  it  i»  removed  {Mono),     If  a  dog  I^  allowed 

to  swallow  a  piece  of  Hcsh  lied  to  a  string,  so  that  the  ficsh  goes  balf-way  down  the  ocsophagtis,  and 

the  rtc»h  be  withdrawn,  the  pcri'-talsis  still  passes  downward  (C".  Lmiwig  ami  Hlhi). 

The  motor  nerve  of  the  oesophagus  is  the  vagu^  1  not  the  accessory  fibres) ;  alter  it  is  divided^ 

le  food  lodges  in  the  lower  pan  of  the  cirsophagus.     Very  large  and  very  small  masses  are  swal* 

iwed  with  more  difliculty  than  those  of  modctaie  size.     Dogs  can  swallow  an  oltve-shaped  body 
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weighted  with  a  counterpoise  of  450  erammes  {A/osio).  When  ihe  thorax  U  greatly  distcnded.it 
in  .MUller'&  experiment,  or  {rreatly  dimiiuithcil,  u  id  Valiilva'c  experiment  {\  60).  deglutition  » 
rendered  more  difficult. 

Goliz  observed  thai  the  oesophagus  and  stomach  (frog)  became  grcally  more  excitable.  1.  /.,  the 
excitability  of  the  ganglionic  plexuses  in  their  walls  was  increased,  when  the  hratn  and  spinal  cord 
or  both  vagi  were  destroyed.  The!«  organs  contracted  encrgcticatly  after  slight  stimulaiioo,  while 
frogs,  whose  central  nervous  system  was  intact,  swallowed  fluids  simply  by  pen&lalsis.  Kcmalcf  ao4 
fiometinie:!  men  alw,  with  marked  weakening  of  the  nervous  system,  as  in  hysteria,  not  unfreqaenily 
have  similar  spasinudic  contractions  of  the  tcsophajjeal  region  {j;/oltm  kyiUricui).  After  section  « 
both  v^.  SchitT  oloerved  spasmodic  comraction  01  the  'Esophagus. 

Every  time  one  swallows  the  heart's  action  is  accelerated,  ttic  blood  pressure  falU.  the  necttsity 
for  respiration  diminishes,  while  many  muvemcnu  (bbor  pains,  erection)  are  inhibited.  These 
etfecis  are  brought  about  reflexly  {^Kronecker  and  Meitxer,  \  369). 

[Structure  of  the  (Esophagus. — The  walls  of  the  ccsophaguA  ore  cotnpoied  of  three  coon — 
mucous,  submucous,  and  muscular  (Kig.  163). 

The  mucous  coat  is  tirm  and  is  thrown  into  longitudinal  folds,  which  disappear  when  the  tnfae 
is  di^ended.  It  u,  lined  Liy  several  layers  of  stratified  squamous  epithelium.  The  membrane  itself 
is  composed,  especially  at  w*.  inner  part,  of  dcnw;  fthroui  tiwuc,  which  prujecis  in  the  form  of  ps- 
pilhc,  into  the  stratified  epithelium.  At  its  outer  pari  is  a  continuous  layer  of  non-stri{)cd  mtode, 
the  musat/aris  mu^vui. 

The  submucous  coat  is  thicker  than  the  foregoing,  and  consists  of  loose  connective  tissue,  with 
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I'nuuvene  section  of  p«n  of  the  cesophagus  {&h*nk). 

the  acini  of  small  compound  tubular  mucous  glands  imbedded  in  it.  The  duds  pierce  the  mascn- 
laris  mucosa:  to  open  on  the  inner  surface  of  the  tube. 

'I'he  muscular  coat  consists  of  an  inner,  thicker,  circular,  and  an  outer,  thinner,  loogitadinal 
layer  of  non-striped  niuscle.  In  man  tlic  upper  third  of  the  gullet  consists  of  iiriped  miucutar 
fibres.     Oubvde  the  muscular  coat  is  a  layer  of  fibrous  tissue  with  elastic  fibres. 

As  in  the  imesiine,  there  arc  two  plexuses  of  nerves  with  ganglia ;  one  in  the  sub-mucous  coal 
{Meiisurr's)  and  the  other  between  the  two  muscular  coals  (^«rt'/*«c4j),  which  arecontinaoos  with 
those  in  the  stomach  and  intestine.  Blood  vessels  and  numerous  lym|>haiics  lie  in  the  mucous  aod 
sub-mucous  coai>.] 

157.    MOVEMENTS  OF  THE   STOMACH.— Position.— When  the 

stomach  is  empty,  the  great  curvature  is  directed  downward  and  the  lesser  up- 
ward ;  but  when  the  organ  is  full,  it  rotates  on  an  axis  running  horizontally 
through  the  pylorus  and  cardia,  so  that  the  great  curvature  appears  to  be  directed 
to  the  front  and  the  lesser  backward.  "" 

Arrangement  of  the  Muscular  Fibres. — The  non-striped  mascular  fibres  of  the  stonutch  are 
ananged  in  three  directions  or  layers,  an  outer  longitudinal  continuous  with  those  of  the  oeso- 
phagus. This  layer  is  best  developed  along  the  curvatures,  especially  the  lesser.  S\  the  pylorus 
the  fibres  form  a  thick  layer,  and  l>ccome  continuous  with  the  longitudinal  filire*  of  the  duodenum. 
The  circular  fibres  form  a  complete  layer,  but  at  the  pylorus  they  are  well  nurked,  and  constitute 
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lh«  pyloric  spliincter  mttsclc,  or  mlve  ;  while  ai  the  cardin  (inlet),  such  a  muscular  ring  is  absent 
{Ci*mmu).     The  innerman  oblique  or  dingoni]  layer  is  incomplete. 

The  movements  of  the  stomach  are  of  two  kinds  —  (i)  The  rotatory 
or  churning  movements,  whereby  the  parts  of  the  wall  of  the  stomach  lying  in 
contact  with  the  contents  or  ingesta  glide  to  and  fro  with  a  slow  rubbing  move- 
cnent.  Such  nnovcmcnLs  seem  to  occur  periodically,  every  period  lasting  several 
minutes  yBfitumunt).  Hy  these  movements  the  contents  are  moistened  with  the 
ifastric  juice,  while  the  masses  of  food  are  partly  broken  down.  The  formation  of 
hair  balls  in  the  stomach  of  dogs  and  oxen  indicates  that  such  rotator>-  movements 
of  the  contents  of  the  siomaf  h  take  place.  (2)  The  other  kind  of  movement 
consists  in  a  periodically  occurring  peristalsis,  whereby,  as  with  a  push,  the  por- 
tions of  the  contents  01  the  stomach  first  dissolved  are  forced  into  the  duodenum. 
They  begin  after  a  quarter  of  an  hour  KBus(h),  and  recur  until  about  five  hours 
after  a  meal  i  Htaumoni).  This  peristalsis  is  most  pronounced  toward  the  pyloric 
end,  and  the  muscles  of  the  pyloric  sphincter  relax  to  allow  the  contents  to  pass 
into  the  duodenum.  According  to  KUdinger,  the  longitudinal  muscular  fibres, 
when  they  contract,  especially  when  the  pyloric  end  is  filled,  may  act  so  as  to 
dilate  the  pylorus. 

GUzcrd. — llie  strongly  muscaUr  wells  of  the  stomach  of  grain.eating  birds  cfrecl  a  trituraiion 
of  the  f'Mxt.  The  mechanical  force  thereby  exerted  was  often  experimented  upon  by  the  oMcr 
ph\aiDlogi$ts,  who  Tound  thai  g1a»  liatU  and  lead  lubes,  which  could  be  compressed  only  by  a 
weight  ol  40  Wilci5.,  were  l)roken  or  compre$icd  in  the  stomach  of  a  tarkey. 

Influence  of  Nerves  on  the  Movements. — [The  stomach  is  supplied  by 
the  vagi  and  by  the  sympathetic,  the  right  vagus  being  distributed  to  the  [vostenor 
surface,  and  the  left  to  the  anterior  surface,  of  the  organ.]  '^\\^  gangUonU plexus 
of  nerve  fibres  and  nerve  cells  {At4erdafh's)t  which  lies  between  the  muscular 
coats  of  the  stomach,  roust  be  regarded  as  its  projjer  motor  centre,  and  to  it  motor 
itnpulses  arc  conducted  by  the  vagi.  Stction  of  both  va^  dues  not  abolish,  but  it 
diminishes  the  movements  of  the  stomach.  The  muscular  fibres  of  the  cardia  may 
be  excited  to  action,  or  their  action  inhibited,  by  fibres  which  run  in  the  vagus 
(Nn.  constrictores,  et  dilatator  cardiac),  (r-.  Opem-htnuski).  [If  the  vagi  bediviaed 
io  the  neck,  there  is  a  short  temporary  spasmodic  contraction  of  the  cardiac  a|K.-r- 
ture.  On  stimulating  the  peripheral  end  of  the  vagus  with  electricity,  after  a 
latent  period  of  a  few  seconds,  the  cardiac  end  contracts,  more  especially  if  the 
stomach  be  distended,  but  the  movements  are  slight  if  the  stomach  be  empty.  In 
curarized  dogs,  the  pylorus  contracts  with  var)ring  intensity,  and  irregularly 
whether  the  vagi  and  splanchnics  be  intact  or  divided.  Stimulation  of  the  vagi 
in  the  neck  causes  contraction  of  the  pylorus,  when  the  latent  period  may  be  seven 
seconds.  Stimulation  of  the  splanchnics  in  the  thorax  arrests  the  spontaneous 
pyloric  contractions,  the  left  splanchnic  being  more  active  than  the  right  {Oser). 

Stimulation  of  the  co^liac  plexus  causes  movements  in  the  stomach  of  ruminants 
{£^JtAar,/ },  perhaps  indirectly  through  the  effect  upon  the  blood  vessels. 

Local  electrical  atimulatton  of  the  surface  of  the  Uomach  caunen  circular  con»trictiops  of  the 
or|;aui,  which  disappear  very  gradually,  while  llie  movement  is  often  propagated  10  other  parts  of 
Ibe  guirtc  wall.  When  heated  to  2^"  C,  the  evcised  empty  stomach  exhibits  muremeiiia  {L'ai/i* 
imrrri).  Injury  to  the  pcdunculi  ccrclm,  optic  thalamus,  mcdutta  oblongata,  and  even  to  the  cer- 
fficaJ  jmrt  of  the  spinal  cord,  occonling  to  Schiff,  causes  paralysis  of  the  vej»cU  of  ceristn  aieas  of 
sVoouuh.  re&uliing  in  congestion  and  subsequent  hemorrhage  into  the  mucous  niembranc.  [It 
ttacotttmun  occuncncc  Io  find  hemorrhage  iniu  the  gastric  mucous  membrane  of  rabUts,  alter 
have  been  killed  by  a  viulcnt  binw  on  the  head.] 

J58.  VOMITING. — Mechanism, — Vomiting  is  caused  by  contraction  of 
the  walls  of  the  stomach,  whereby  the  pyloric  sphincter  is  closed.  It  occurs  most 
easily  when  the  stomach  is  distended— ^dogs  ui^ually  greatly  distend  the  stomach 
by  swallowing  air  before  they  vomit);  it  readily  occurs  in  infants,  in  whom  the 
ctil-dc-«.c  at  the  cardia  is  not  dcvcloiHrd.  It  is  quite  certain  that  in  children 
vomiting  occurs  through  contraction  of  the  walls  of  the  stomach  without  the 
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spasmodic  action  of  the  abdominal  walls.  When  the  vomiting  b  violent,  the 
abdominal  muscks  act  energetically.  [The  act  of  vomiting  is  generally  preceded 
by  a  feeling  of  nausea,  and  usually  there  is  a  rush  of  saliva  into  the  mouth,  caused 
by  a  retlex  stimulation  of  afferent  fibres  in  the  gastric  branches  of  the  vagus,  ihc 
efferent  nerve  being  the  chorda  tympani.  After  this  a  deep  ins)jiration  is  taken, 
and  the  glottis  closed,  so  that  the  dia])hragm  is  Brmly  pressed  downward  against 
the  abdominal  contents,  and  it  is  kept  contracted  ;  the  lower  ribs  are  pulled  in. 
The  diaphragm  being  kept  contracted  and  the  glottis  closed,  a  violent  expiratory 
effort  is  made,  so  that  the  contraction  of  the  abdominal  muscles  acts  upon  the 
abdominal  contents  the  stomach  being  forcibly  compressed.  The  cardiac  orifice 
is  opened  at  the  same  time,  and  the  contents  of  the  stomach  are  ejected.  The 
chief  agent  seems  to  be  the  abdominal  compression,  but  the  walls  of  the  stomach 
also  help,  though  only  to  a  slight  extent.] 

The  contraction  of  the  walls  of  the  stomach,  which  causes  a  general  Himination  of  the  pk»tne 
cavity,  is  not  a  true  anti-pcnstal»is.  as  can  l>e  »cei)  in  the  stomach  when  it  is  expa»ed  (  GtsJm\.  The 
cardia  is  of^ned  by  the  longitudinal  muscular  fibres  ySihiff'),  which  pull  towanl  the  lower  orilice  of 
the  ccsophoguA.  so  that  when  the  stomach  is  full  they  tnu^t  act  as  dilators.  The  act  of  vomiting  ispre^ 
ceded  by  a  nicluh-likc  JiUtmg  tnuvcinent  uf  the  intia-thunicic  pait  nf  the  o-sophagus,  which  ti 
caused  thus  :  The  glottis  is  closed,  inspinuicu  occurs  sud^lcnly  and  violently,  whereby  the  irsophagui 
is  distended  by  gases  proceeding  from  the  stomach  il.&ttich).  The  larynx  and  hyoid  bone,  by  the 
combined  action  of  tne  the  genio-hyoid,  stcmo.hyoKl,  stctno- thyroid  and  thyro-hyoid  ronsclet  an 
forcibly  pulled  lorward«  so  that  the  air  passes  from  the  pharynx  downward  into  the  upper  tectioo 
of  the  oesophi^us  {Landon).  If  the  abdominal  walls  contract  suddenly,  and  if  IhU  sudden  im- 
pulse be  aided  by  the  movements  of  the  »tomach  itAcIf,  the  cuntents  of  the  stomach  are  forced 
outward.  During  continued  vomiting,  anti-{>efista]si5  of  the  duodenum  may  occur,  wbereby  Ule 
passes  Into  the  stomach,  and  becomes  mixed  with  its  contents. 

Children,  in  whom  the  fundus  is  absent,  vomit  inure  easily  than  adults.  [In  them  aim  the 
nervous  system  is  more  excitable.]  The  cai^acity  of  the  stomach  of  a  new-lx>rn  child  is  35  to  43 
cubic  centimetres;  after  14  days,  153  to  160  c.c;  at  3  years,  740  cc. 

Magendic  was  of  opinion  ihut  the  abdominal  muscU-s  olune  were  concerned  in  vomiting,  as  be 
found  that  vomiting  occurred  when  he  replaced  the  sicimsLh  by  a  bag.  This  was  much  loo  crude 
an  experiment.  Hut  it  only  snccecds  when  the  luweHt  [lart  of  the  cesophagus  ha5  been  remorcd 
(Fantini^  Stkiff).  The  view  uf  Gianuzzi,  tliat  the  at>donuiial  muscles  are  the  chief  factor, 
because  animals  poisoned  with  curara — in  whom  these  muscles  are  paralyzed,  but  not  Ibe  wall* of 
the  Momach — cannot  vomit,  is  too  wide  a  deduction. 

Influence  of  Nerves. — The  centre  for  the  movements  concerned  in  vomit- 
ing lies  in  the  medulla  oblongata,  and  is  in  relation  with  the  respiratory  centre, 
as  is  shown  by  the  fact  that  nausea  may  be  overcome  by  rapid  and  deep  respira- 
tions. In  animals,  vomiting  may  be  inhibited  by  vigorous  artificial  rcbpiratioa. 
On  the  other  hand,  the  administration  of  certain  emetics  prevents  the  occurrence 
of  apncca  [while  emetics  quicken  the  respirations]. 

The  act  of  vomiting  is  most  easily  excited  by  stimulation  (chemically  or 
mechanically)  of  the  centripetal  or  afferent  nerves  of  (1)  the  mucous  membrane 
of  the  soft  palate,  pharynx,  root  of  the  tongue  {g/vsso-phunngeai  nerve),  as  by 
tickling  the  fauces  with  the  finger  or  a  feather;  (2)  the  nerves  of  the  stomach 
(^vagus  and  sympathetic) ;  (3)  stimulation  of  the  uterine  nerves  (pregnancy)  ;  (4) 
\\\^  mesenteru  nerves  (intlaramation  of  the  abdomen  and  hernia);  (5)  ner\*es  of 
the  urinary  apparatus  (^passing  a  renal  calculus)  ;  (6j  nerves  to  the  liver  and  gall 
duct  {lagus)  ;  (7)  nerves  to  the  lungs  in  phthisis  {vagus).  Vomiting  is  also  pro- 
duced by  Jirect  stimulation  of  the  vomiting  centre.  [The  efferent  impulse*  are 
carried  by  the  phrenics  (diaphragm),  vagus  (oesophagus  and  stomach),  and  intcr- 
costals  (abdommal  muscles).] 

Vomiting  produced  by  the  thought  of  something  disagreeable  appears  to  be  caused  by  the  cod- 
duction  of  the  excitement  from  the  cerebrum  to  the  vomiting  centre.  [It  may  also  t*e  cxdted 
through  the  tratn  by  a  disagrccible  smell,  shocking  sight,  or  by  other  imprr&sioits  on  the  nerves  of 
special  sense.]  Vomiting  is  very  common  in  diseases  uf  ihc  brain  [tubercle,  mflamnuoion,  henioc' 
rhoge.]     Section  of  both  vagi  generally,  but  not  always,  prevent*  vomiting. 

Emetics  net  (1)  partly  by  mechanically  or  chemically  stimulating  the  ends  of  the  centiipiol 
(afferent)  nerves  of  the  mucous  membrane.    [These  are  io<aJ  emetics.]    Tickling  the  lauccj,  loacb- 
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tng  the  surface  of  the  exposed  stonmch  (dog) ;  and  nuny  chemical  emetics,  /^.,  must.ird,  cupric 
an<l  line  Milplialc  and  other  metallic  salts  a^'  "*  ''>>^  way.  (2)  Other  subsltincc^  cau  e  vuniititi^ 
when  I  hey  are  introduced  into  the  blood  (without  being  first  introduced  into  the  Momachl,  and  act 
directly  upon  the  vomiting  centre.  /^.,  SF-omorphin.  [These  are  s^enerai  emetics.]  {3)  La&tly, 
lher«  arc  some  sut*iances  which  act  in  both  wayk,  e.g.,  tartar  emetic.  Emetics  may  also  remove 
macus  from  the  lungs,  anrj  in  ihi^i  case  it  u  probable  that  the  emetic  acts  upon  the  rnpiratory  cen- 
tre, and  so  favors  the  re>pinUions.  [According  to  Lauder  Brunton,  cu|mc  sulphate  acts  even  when 
injected  into  the  blood.]  The  general  emetics  usually  create  considerable  dcpre&siun,  while  the 
votailing  Iasl5  longer  than  with  local  emeticii.  The  former  increase  the  salivary,  gastric,  and  respi- 
ratory secretions. 

[Uses  of  Smetici. — Emetics  are  useful  not  only  for  reaioving  from  the  stomach  any  ofFending 
body,  b«  it  a  poison  or  the  products  of  imperfect  or  pervened  gastric  digestion,  or  bile  which  ha.s 
pa&&cd  into  the  stomach,  but  foreign  bodies  impacted  in  the  cesophagus  may  lie  got  rid  of  on  exciting 
vntniiing  by  ihe  sulicutancous  injection  of  aporaomKin.  As  the  diaphragm  contracts  vigtrrously  dur- 
ing vomiting,  it  comprcues  the  liver,  and  tlius  bile  is  expelled  into  the  duodenum,  or  the  passage  of 
a  small  calculus  along  the  bile-duct  may  be  aided.  They  ftlso  are  U!>eful  in  removing  mucus  or 
falMT  membranes  from  the  respiratory  passages.! 

[Anti- Emetics. —  Vumiting  may  be  atlayea  by  /ivd/anti -emetics,  such  as  ice,  and  many  chemical 
sul  stances,  such  as  bismuth,  hydrocyanic  acid,  opium,  and  morphia,  as  well  as  b)'  ^v/z^nj/ remedies 
which  act  on  the  vomiting  centre.  Some  of  the  foregoing  drugit  |>erha(»  act  both  locally  and  gener* 
ally,] 

Vomiting  is  analogous  to  the  process  of  nimination  in  animals  that  chew  the  cud  ({  187).  Some 
persons  can  empty  their  stomach  in  this  way. 

159.  MOVEMENTS  OF  THE  INTESTINE.— Peristalsis.— The 
bcsi  example  ut  ijeriiialiic  movements  is  afTorded  by  the  small  intestine  ;  the  pro- 
gressive narrowing  of  the  lube  proceeds  from  above  downward,  thus  propelling 
the  contents  Inrfore  it.  Frecinenlly  after  death,  or  when  air  acts  freely  npon  the 
gut,  we  may  observe  that  the  peristalsis  develops  at  various  parts  of  the  intestine 
simultaneoti-sly,  whereby  the  loops  of  intestine  present  the  appearance  of  a  heap 
of  worms  creeping  among  each  other.  The  advance  of  new  intestinal  contents 
again  increases  the  movement.  In  the  large  intestine,  the  movements  are  more 
sluggish  and  less  extensive.  The  peristaltic  movements  may  be  seen  and  felt  when 
the  alidominil  walls  are  very  thin,  and  also  in  hernial  sacks.  They  are  more  lively 
in  vegetable  feeders  than  in  carnivora.  The  jwristalsis  is  perhaps  conducted  directly 
through  the  muscular  substance  itself  (as  in  ihe  heart  and  ureter — Enge/mann). 

[Rate  of  Motion. — In  a  Thir^'-Vella  fistulafj  iSj.II)  Fubini  estimatol  the  rate  of  motion  ofa 
smcotb  sphere  of  sealing  wax.  It  took  55  6ec.  to  tr.tvel  i  ctm.  [J(  in.]  ;  an  induction  current  greatly 
iacreascfl  the  motion,  1  ctm.  in  10  seconds ;  NaCl  does  not  affect  it,  but  excites  sccrciion ;  laudanum 
paralyzes  it.  ] 

Method  of  Obeervation.  —Open  the  abdomen  of  an  aalmal  under  a  .6  per  cenu  saline  solution, 
to  prevent  the  enpoiiure  of  the  gut  to  air  {Samiers  and  Braam- ihuckgeest). 

The  ileo-colic  valve  (Hauhin's  valve,  1579,  known  to  Rondelct  in  1554),  as  a 
rule,  prevents  the  c;ontenls  of  the  large  intestine  from  passing  backward  into  the 
small  intestine.     The  movements  of  the  stomach  and  intestine  cease  during  sleep 

liowcver,  when  fluid  Is  slowly  introduced  into  the  rectum  through  a  tulie,  it  may  pass  npward 
into  the  inteaiiDe,  and  even  go  through  the  iteo-colic  valve  into  ihe  »mAll  intestine. 

Mu&cartn  excites  very  lively  pcristabu  of  the  intcsliiics,  which  may  Ik  set  aside  by  atropia 
{^Sihmiedehcrg  and  JCof/^e), 

Patholo^cal. — When  tiny  condition  excite-t  an  acute  inflammation  of  the  intestinal  mucous 
memtirane,  caurrh  is  rapidly  produced,  and  very  strong  cun'.ractions  of  the  inflanted  pans  tilled 
M  tth  food  take  place.  When  these  parts  of  the  gut  liecome  empty,  the  movemeniA  are  nut  stronger 
lUxn  nunual.  If  new  material  pa-^Ks  into  the  inflamed  part,  tlic  peristalsis  recurs,  becomes  more 
lively  than  normal,  and  the  result  is  diarrhcea  {Ni?thnagei\.  Sometimes,  a  greatly  conUacted 
pAft  of  the  small  intestine  is  pushed  into  the  piece  of  gut  directly  rontinuous  with  it,  gtnng 
rise   to  invagination  or  intussusce|ftiun. 

Anii-peiistalsis,  /.  <■.,  a  movement  which  sets  in  and  travels  in  an  upward  direction  toward  the 
Snmach,  does  not  occur  normally.  I'hat  such  a  condition  takes  place  has  been  inferred  from  the 
fact  that,  in  cases  where  the  intestine  is  occluded,  called  ileus,  fi«al  matter  is  vomited.  The  most 
recent  exprnntents  of  Nothnagel  throw  duubt  u)X>n  this  view,  as  he  failed  to  oliserveanti-penstalsls 
ID  caMS  where  the  intestine  was  occluded  ariihcially.  The  fxcal  odor  of  the  ejecta  may  result  ffom 
the  prolonged  retention  of  the  material  within  the  ^mall  intestine. 
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160.  EXCRETION  OF  FiECAL  MATTER.— The  contents  of  ihe 
small  intesiinc  remain  in  it  aUout  three  hours,  and  about  twelve  hour^  in  the  large 
intestine,  where  ihey  become  less  watery.  The  conlcnts  assume  the  characters  of 
fxccs,  and  become  **  formed  "  in  the  lower  part  of  the  great  intestine.  The  fxccs 
are  gradually  carried  along  by  the  peristaltic  movement,  until  they  reach  a  i>oint 
a  little  above  that  part  of  the  rectum  which  is  surrounded  by  both  sphincters,  the 
internal  sphincter  consisting  of  non-striped,  and  the  external  of  striped  muscle. 

Immediately  after  the  fjeces  have  been  exf)elled,  the  external  sphincter  (Fig. 
164,  S,  and  Fig.  165)  usually  contracts  vigorously,  and  remains  in  this  condition 
for  some  time.     Afterward  it  relaxes,  when  the  elasticity  of  the  parts  surrounding 
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mnKW:  J,  Ikchlo-cavernostis  miucic;  M,  obturator  Intcmiu  ;  S,  cKterna)  aital  iiihln^icr-,  L.  Icraior  wii .  9. 
pyHfoniiis  {ffeult). 

the  anal  opening,  particularly  of  the  two  sphincters,  suffices  to  keep  the  anus 
closed.  In  the  interval  between  two  evacuations,  there  does  not  seem  to  be  a 
continued  tonic  contraction  of  the  sphincters.  As  long  as  the  faeces  lie  above  the 
rectum,  they  do  not  excite  any  conscious  sensations,  but  the  sensation  of  requir- 
ing to  go  to  stool  occurs  when  the  fitces  pass  into  the  rectum.  \i  the  same  time, 
the  stimulation  of  the  sensory  nerves  of  the  rectum  causes  a  reflex  excitement  of 
the  sphincters.  The  centre  for  these  movements  (Budge's  centrum  ano-spinale) 
lies  in  the  lumbar  region  of  the  spinal  cord ;  in  the  rabbit  between  the  sixth  and 
seventh,  and  in  the  dog  at  the  fifth  lumbar  %-ertebra  {Masius). 

In  animaU,  whose  ypinal  cord  is  divided  above  the  centre,  a.  slight  toach  in  Ihe  region  of  the  aniu 
CBQBCS  this  oriAce  to  contract,  but  after  this  lively  reflex  cvniractioa,  the  sphincters  relax  ■£»»,  aaA 
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jmns  m*y  remun  open  for  a  lime.    This  occurs,  because  ihe  volantary  impulses  which  proceed 

illhc  brtin  to  cause  Ihe  cunlraction  of  the  external  sphincter  nrc  absent.    Lnndois  ohscrvcd  that 

In  ilogs  with  the  pc^icrior  roots  of  their  lower  lumhar  and  luicTal  nerves  divided  the  nnus  lemnined 
open,  find  not  unfre<iucnily  a  tnsss  of  fxces  remained  half  ejected.  As  the  sensibility  of  the  recium 
and  anu5  was  atM^lished  in  these  animals,  ihe  sphinacrs  cnuld  not  contract  rcllcxly,  nur  could  there 
be  any  voluntary  contraction  of  the  sphinaert,  the  result  of  sensory  impulses  from  the  rectum. 

The  external  sphincter  can  be  contracted  i>oiuntariiy  from  the  certhrum.  like 
any  voluntary  muscle,  but  the  closure  of  the  anus  can  only  be  effected  up  to  a 
certain  degree.  When  the  pressure  from  above  is  very  great,  the  energetic  peri- 
stalsis at  last  overromes  the  strongest  voluntary  impulses.  Stimulation  of  the 
peduncles  of  the  cerebrum  and  of  the  spinal  cord  below  this  point  causes  contrac- 
tion of  the  external  sphincter. 

Defaccation. — The  evacuation  of  the  fa:ces,  which  in  man  usually  occurs  at 

Fig.  165. 
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certain  times,  begins  with  a  lively  i)erist3lsis  of  the  large  intestine,  which  passes 
downward  to  the  rectum.  In  order  that  the  mass  of  f^ces  may  not  excite  reflexly 
the  sphincter  muscles,  in  consequence  of  mechanical  stimulation  of  the  sensory 
nerves  of  the  rectum,  there  seems  to  be  a  centre  which  inhibits  the  reflex  action 
of  the  sphincters,  which  is  called  into  play  owing,  as  it  appears,  to  voluntary  im- 
pulses. Its  seat  is  in  the  brain  ;  Masius  thinks  it  is  in  the  optic  thalami,  from 
whence  fibres  pass  through  the  peduncles  of  the  cerebrum  to  the  lumbar  part  of 
the  s)>inal  cord.  When  this  inhibitory  apparatus  is  in  action,  the  fxcal  mass  passes 
through  the  anus,  without  causing  it  to  close  reflexly. 

The  strong  peristalsis  which  precedes  defiecation  can  be  aided,  and  to  a  certain 
degree,  excited   by  voluntary  short   movements  of  the  external  sphincter  and 
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levator  ani,  whereby  the  plexus  myentericus  of  the  large  intestine  is  stimulate 
mechanitally,  thus  causing  lively  peristaltic  movements  in  the  targe  intestine. 
The  expulsion  of  the  ficcei.  is  also  aided  by  the  pressure  of  the  abdominal  muscles, 
and  most  efficiently  when  a  deep  inspiration  is  taken,  so  as  to  fix  the  diaphragm, 
whereby  the  abdominal  cavity  is  diinintslied  to  Ihc  greatest  extent.  The  soft  parts 
of  the  floor  of  the  pelvis  during  a  strong  effort  at  stool,  are  driven  downward  in 
the  form  of  a  cone,  causing  the  mucous  membrane  of  the  anus,  which  contains 
much  venous  blood,  to  be  everted.  The  function  of  the  levator  ani  (Figs  164, 
165),  is,  to  raise  voluntarily  the  soft  parts  of  the  floor  of  the  pelvis,  and  to  pull 
the  anus  to  a  certain  extent  upward  over  the  descending  faical  mass.  At  the  same 
lime,  it  prevents  the  distention  of  the  pelvic  fascia.  As  the  fibres  of  both  leva- 
tores  converge  below  and  become  united  with  the  fibres  of  the  external  sphincter, 
they  aid  the  latter,  during  energetic  contraction  of  the  sphincter;  or,  as  Hyrtl 
puts  it,  the  levatores  are  related  to  the  anus,  like  the  twocordsof  a  tobacco  pouch. 
During  the  periods  between  the  evacuation  of  the  gut,  the  fajces  appear  only  to 
reach  the  lower  end  of  the  sigmoid  flexure.  As  a  nile,  from  thence  downward, 
the  rectum  is  normally  devoid  of  faeces.  It  seems  that  the  strong  circular  fibres 
of  the  muscular  coat,  which  Nelaton  has  called  sphincter  ani  tertlus,  when  they 
are  well  develoi>ed,  contract  and  prevent  the  entrance  of  the  faces.  When  the 
tendency  to  the  evacuation  of  the  rectum  is  very  pressing,  the  anus  may  be  clo^ 
more  firmly  from  without,  by  energetically  rotating  the  thigh  outward,  and  con- 
tracting the  muscles  of  the  gluteal  region. 

161.  INFLUENCE  OF  NERVES  AND  OTHER  CONDITIONS 
ON  THE  INTESTINAL  MOVEMENTS. -Auerbach's  Plexus.- 
The  intestinal  canal  contains  an  auiomatic  motor  centre  within  its  walls — the  pUxus 
myentericus  of  Auerbach — which  lies  between  the  longitudinal  and  circular  mus- 
cular fibres  of  the  gut.  It  is  this  plexus  which  enables  the  intestine  when  cut  out 
of  the  body  to  execute,  apparently  spontaneously,  movements  for  some  time. 

[Structure. — The  plexus  of  Aucrt}ach  consists  of  noii-njcdutlaled  ucnrc  fibres  which  furm  a 
dense  network,  groups  of  ganglion  cells  occurring  at  the  nodes  (Fig.  166).  A  similar  ^>IeiBs 
extends  throughout  the  whole  intestine  t>eiwecn  ihe  loof^tudinal  and  circular  mu&culor  coAls  fron 
the  CF^opha)^)  to  the  rectum.  Branches  are  given  off  to  tlie  muscular  bundles.  A  similar,  L>iit  ooi 
m  rich  a  plexus  lies  in  the  submucous  coal,  Melssner's  plexus,  which  gives  branches  lo  »upply  the 
muscuUris  mucotx,  the  smooth  muscular  6bre5  of  the  viUi,  and  the  glands  of  the  intestine  (Fig. 
167;.] 

1.  If  this  centre  is  not  affected  by  any  stimulus,  the  movements  of  the  intestine 
cease — comparable  to  the  condition  of  the  medulla  oblongata  in  apnoea  {Sig,  Mayer 
and  V.  Basch).  The  same  is  true — ^just  as  in  the  case  of  the  respiration — during 
intrauterine  life,  in  consequence  of  the  foetal  blood  being  well  supplied  with  O. 
This  condition  may  be  termed  aperistalsis.  It  also  occurs  during  sleep,  perhaps 
on  account  of  the  greater  amount  of  (>  in  the  blood  during  that  state. 

2.  When  blood  containing  the  normal  amount  of  blood  gases  passes  through 
the  intestinal  blood  vessels,  the  quiet  peristaltic  movements  of  health  occur 
(cuperistalsis),  provided  no  other  stimulus  be  applied  to  the  intestine. 

3.  All  stimuli  applied  to  the  plexus  myentericus  increase  the  peristalsis,  which 
may  become  so  very  violent  as  to  cause  evacuation  of  the  contents  of  the  large 
gut,  and  may  even  produce  spasmodic  contraction  of  the  musculature  of  the  intes- 
tine. This  condition  may  be  termed  dysperistalsis,  corresponding  to  dyspncea. 
The  comiition  of  the  blood  flowing  through  the  mtestinal  vessels  has  a  most  inipor- 
tant  effect  on  the  peri.staltic  movements. 

Condition  of  the  Blood. —  Dy<t[>enstalsiB  may  Iw  produced  b}*  (a)  inlemipltng  the  circnlaiWin  ti 
the  blood  in  the  inleslines.  no  matter  whetlicr  anicmia  (as  after  compiessiug  the  aorta — Stkiff^  or 
venous  hyperemia  be  produced.  The  stimulating  condition  »  ihe  want  of  O.  t.  e  ,  the  inCTCAK  of 
(^O,.  Very  slight  diMurbance  in  the  intestinal  blood  vesseU,  e.  g  ,  venriuH  congctinn  af^er  oophiu 
transfusion  into  the  veiiu,  whereby  thealidominal  and  portal  veins  become  coni^e^ted.  cause  incrtaKd 
perLsta'sis.     The  tnie.Mines  become  nodubted  at  one  part  and  narrow  at  another,  and  involuotuy 
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CO,  or  CI  is  present),  introduction  of  various  irrilaLuiR  substances  into  the  inlMtine,  inarxccd  filliof 
or  the  intestine  when  there  is  any  (lifficulty  In  emptying  the  j^ut  (often  in  man),  direct  stimulation 
uf  various  kind»  (also  intlammation),  all  act  upon  the  iiitestine,  cither  from  without  or  from  viilUn. 
Induction  shocks  applied  to  a  loop  of  intestine  in  a  hernial  sack  cause  lively  pcrtflakia  in  the  hernia. 
I'he  intestinal  inovemenis  are  favored  by  heat. 

4.  The  continued  application  of  strong  stimuli  causes  the  d}'speristatsis  to  ^ive 
place  to  rest,  owin^  to  over-stimulation,  which  may  be  called  **  intestinal  pa- 
resis,** or  exhaustion. 

This  condition  is  absolotcty  difTereni  from  the  passive  condition  of  the  intestine  in  npenaliilia. 
Continued  cnnj^eidion  of  the  intestinal  blood  vcideU  ultimately  catlses  intestinal  paralvjtis,  a  ^.,  when 
tmnsfusiun  of  foreign  blood  causes  cuiigulaiiun  within  these  vessels  [Lattdois).  Killing  the  blood 
vcMcU  wiih  "  indifferent "  fluids,  after  the  pcrifltaUis  has  Ijcen  pre*'iou'ily  bp>ught  about  (•>•  com- 
pressing the  aorta,  also  causes  ccs?^atton  of  the  movcmems  {O.  Nasse).  The  movcmenis  i-caseHhen 
the  iiiiestiiies  arc  cooled  to  19°  C  (J/onvath),  while  severe  Innnnimalton  of  the  intestine  has  a 
simitar  effect.  Under  favorable  circumstances,  the  intestine  may  recover  from  this  condition. 
Arterial  blood  admitted  into  the  vessels  of  the  exhausted  intestine  causes  perislaisis,  which  at  first 
is  more  vigorous  than  normal. 

5.  The  continued  application  of  strong  stimuli  causes  complete  paralysis  of 
the  intestine,  such  as  occurs  after  violent  peritonitis,  or  inHatnmation  of  the  muv 
culaturc  or  mucous  coat  in  man.  In  this  condition  the  intestine  is  greatly  dis- 
tended, as  the  paralyzed  musculature  docs  not  otfer  sufficient  resistance  to  the 
intestinal  ga.scs  which  are  expanded  by  the  heat.  This  constitutes  the  condition 
of  mcteorism. 

Influence  of  Nerves, — With  regard  to  the  nenes  of  the  intestine,  stimula- 
tion of  the  vagus  increases  the  movements  (of  the  small  intestine),  either  by 
conducting  impressions  to  the  plexus  mycntericus,  or  by  causing  contraction  of 
the  stomach,  which  stimulates  the  intestine  in  a  purely  mechanical  manner  ( /traam' 
Hou<kg€fst).  The  splanchnic  is  (i)  the  inhibiiory  nerve  of  the  small  intestine 
{PJiiigrr),  but  only  ab  long  a.s  the  circulation  in  the  intestinal  blood  vessels  is 
undisturbed,  and  the  blood  in  the  capillaries  doeb  not  become  vt-nous  {Sigm. 
Mayer  and  von  Basch)}  when  the  latter  condition  occurs,  stimulation  of  the 
splanchnic  increases  the  |)erislalsis.  If  arterial  blood  lie  freely  supplied,  the  in- 
hibitory action  continues  fur  some  time  (  O.  A'asse).  Stimulation  of  the  origin  of 
the  splanchnics  of  the  spinal  cord  in  the  dorsal  re*;ion  (under  the  same  conditions), 
and  even  when  general  tetanus  ha,s  been  produced  by  the  administnilton  of 
strychnia,  causes  an  inhibitory  effect.  O.  Nasse  concludes,  from  these  experi- 
ments, that  the  splanchnic  contain.s — (j)  inhibitory  fibres,  which  are  easily  ex- 
hausted by  a  venous  condition  of  the  blood,  and  also  motor  fibres,  which  remain 
excitable  for  a  longer  time,  because  after  death  stimulation  of  the  splanchnics 
always  causes  peristalsis,  just  like  stimulation  of  the  vagus.  (3)  The  splanchnic 
is  also  the  vasomotor  nen^e  of  all  the  intestinal  blood  vessels,  so  that  it  governs 
the  largest  vascular  area  in  the  body.  When  it  is  stimulated,  all  the  vessels  of 
the  intestine  which  contain  muscular  fibres  in  their  walls  contract ;  when  it  is 
divided,  they  dilate.  In  the  latter  case,  a  large  amount  of  blood  accumulates 
within  the  blood  vessels  of  the  abdomen,  so  that  there  is  anaimia  of  the  other 
parts  of  the  body,  which  may  be  so  great  as  to  cause  death — owing  to  the  de6- 
cient  supply  of  blood  to  the  medulla  oblongata.  (4)  The  splanchnic  is  the  sensory 
nerifc  of  the  intestine,  and  as  such,  under  certain  circumstances,  it  may  give  rise 
to  extremely  painful  sensations. 

As  itimulntion  of  the  splanchnic  contracts  the  bloml  vesiaeU,  von  Baach  has  raised  the  question 
whether  the  intestine  does  nut  come  to  rest,  owing  to  the  want  of  the  blood,  whicli  acts  as  a  stim- 
alus.  Hal  when  a  weak  stimulus  is  applied  to  the  splanchnic,  the  intestine  ceases  to  move  l^efbrc 
the  blood  vessels  contract  \x>an  Rraam-Iionckgef^t') ;  it  would,  therefore,  seem  that  the  ttimuIatKin 
diminishes  the  excitability  of  the  plexus  mycniericus. 

According  lo  tngtlmann  and  v.  llrakel,  the  peristaltic  movement  is  chiefly  propagated  by  direct 
muBCular  conduction,  ai  in  the  heart  and  ureter,  without  the  intervention  of  any  nerre  libres. 
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[BfTect  of  Nerves  on  the  Rectum.— The  nervi  erigentw,  when  stimulated,  cause  ibe  lonoi- 
tudiiial  muscular  t'lhrcs  of  the  reclum  to  contract,  while  the  circular  muiccular  fihta  are  supplied  by 
the  hypogaaric  ncn'cs.  Stimulation  of  the  latter  ncr^'es  aho  exerts  an  inhibitury  effect  on  the  lon- 
l^ludinol  muMTlcs.  Stimulation  of  the  erigentes  inhibits  not  only  the  spontaneous  movcmeDls  of 
the  circular  Abres  of  the  rectum^  but  also  those  movements  excited  by  Mimulation  of  the  hypogastric 
D-rves  (/VZ/w/r-.)] 

[Artificial  Circulation  in  the  Intestine. — Ladwig  and  Salvioli,  after  exciting  a  loop  of  intes- 
tine from  an  animal,  tied  a  cannula  into  an  ailery  and  aaolher  into  n  vein.  The  arterinl 
caooala  wa*  connected  with  a  vessel  containing  defibrinated  blood,  to  which  different  drugs  could 
he  added.  A  lever  rested  on  the  intestine,  and  rrgistered  its  movements  on  a  recording  surface. 
The  intestine  was  kept  in  a  worm  chamber.  As  loni;  as  arterial  blood  was  transfused,  llie  intcsttue 
wo*  nearly  quiewent,  but  when  it  was  arrested,  so  ihnt  the  bloo<l  became  zyhous.  a  serien  of  con- 
Iractiuns  occurred.  Niroiin  diminished  the  flow  nf  blood  and  quickened  the  inte.<uinal  movementf. 
while  at  the  same  time  the  circular  muscular  fibres  remained  contracted  or  tetanic.  Tiufture  of 
9f>ium,  in  the  proportion  of  .01  to  .04  in  the  blood,  causes  at  fin^t  contraction  of  the  vessels  and 
IcsKna  the  amount  of  blood  circulating  In  the  intestine;  but  it  very  rapidly  increases— even  to  six 

ie» — the  amount  of  blood  which  transfuses,  while  at  the  same  time  the  movements  of  the  intes- 
in^  cease,  the  walls  of  the  intestine  being  contracted.] 

Rffect  of  Drugs. — Among  the  rcigents  which  act  upon  the  intestinal  movements,  are:  fl) 
Such  as  diminish  the  e\ci(;»bility  of  the  plexus  myenlericus,  1  e.,  which  lessen  or  even  abolish  intes- 

Iinal  peristalsis,  f^.,  lielladonna.  (2)  Such  as  stimulate  the  inhibitory  fibres  of  the  splanchnic,  and 
D  large  doses  paralyrc  them— opium,  morphia  (.\WA«fnv/);  1  and  2  produce  orinstipaUon.  ^3) 
Xher  agents  excite  the  motor  apparatus— nicotin  (even  causing  spasm  of  the  intestine),  muscann, 
affein  and  many  laxatives,  which  act  a.<r  purgatives.  The  movements  produced  by  muscarln  are 
iboli&hcd  by  atropin  [SikmiftMierg  anii  Ki>ppe\.  These  substances  accelerate  the  evacuation  of  the 
■tcstine.  and,  owing  !«» the  rapid  movement  of  the  intestinal  contents,  only  a  small  amount  of  water 
B  absorbed;  so  thai  the  evacuations  are  frequently  fluid.  ("4)  Among  jfiurxa/iv^s,  colocynth  and 
«3otan  oil  act  as  direct  irritants.  With  regard  to  drugs  of  this  sort,  they  seem  to  cause  a  watery 
Iransudation  into  the  intestine  (C.  StkmiM,  Atoreau),  just  ascroton  oil  causes  vesicles  when  applied 
10  the  skin.  (5)  Cskjmel  is  said  to  limit  the  absorptive  activity  of  the  intestinal  w.-ill,  and  tu  con- 
trol the  decompositions  in  the  intestine.  The  stools  are  thin  and  greenish,  from  the  admixture  of 
bPivcrdin.  (6)  Certain  saline  purgatives — sodium  sulphate,  magnesium  sulphate,  causes  fluid 
^^bvacuaiions  by  retaining  the  water  in  the  intestine  \Buchhe%m)\  and  it  ii  said  that  if  ihey  be 
^Btojected  into  the  WrxKi  vessels  of  animals,  they  cause  constipation  \Aubert\. 

^B  [N'othnagel  finds  that  when  a  crystal  of  a  potaik  salt  is  appHed  to  the  peritoneal  surface  of  the 
^^BHesiine  of  an  animal  whose  abdomen  is  opened,  it  causes  merely  a  local  constriction  nf  the  mus- 
^^■ular  fibre*  of  the  gut,  while  a  totiium  salt  on  the  other  hand  excites  a  contraction  which  pa.iKe« 
^Hntword  toward  the  stomach,  and  never  toward  the  rtCtum.  Perhaps  this  is  due  to  the  mure  power- 
^Bfal  stimulant  action  of  the  former.  In  any  case  it  may  serve  as  a  useful  guide  to  the  surgeon,  in 
determining  which  is  the  upper  end  of  a  piece  of  intestine  during  an  operation  on  the  intewint-.s.] 
[Action  of  Saline  Cathartics.  — From  an  extended  investigation  recently  made  by  Matthew 
lay  cm  the  aaion  of  saline  calhartic.%  it  would  appear  ccri.ain  that  a  sail  exeris  a  genuine  cxcilo> 
rcfory  action  on  tlie  glands  of  the  intestines,  while  at  the  same  time,  in  virtue  of  its  low  diffust* 
liltiy,  it  impedes  absorption,  Thus,  between  stimuUted  secretion  and  impede<l  absorption  there  !• 
~n  accumuliilion  of  fluid  within  the  canal,  which,  partly  from  ordinary  dynamical  laws,  partly  from 
grnile  stimulation  of  the  peristaltic  movements  excited  by  distention,  reaches  the  rectum  and 
lulls  in  purgation.  Puri»ation  does  not  ensue  when  water  is  withheld  from  the  diet  for  one  or  two 
previous  to  the  adniinistralion  of  the  salt  in  a  concentrated  form,  Thi?^  absence  of  effect  is 
a  de5ciency  of  water  in  the  blood,  so  that  the  blood  cannot,  through  the  intestinal  glands, 
enough  fluid  to  the  salt  in  order  to  produce  purgation.  When  a  conccnlmled  solution  of  a 
salt  is  administered  to  an  animal  whose  alimentary  canal  Is  known,  from  a  few  hours'  preliminary 
lasting,  to  lie  empty,  but  whose  blood  is  in  a  natural  state  of  dilution,  the  blood  l>ecomes  rapidly 
;rT  concentrated,  and  reaches  the  maximum  of  its  dmcentraiion  in  from  half  an  hour  to  an  hour 
id  a  half ;  within  four  hours  the  blood  has  gradually  relumed  to  its  normal  slate  of  concentration 
having  reabsorbed  fluid  from  the  intestine.  It  apparently  recoups  itself  from  the  tissue 
After  a  few  days'  abstention  from  water,  the  tissue  fluids  are  so  much  diminished  as  not  to 
bte  any  longer  to  recoup  the  blood,  and  the  blood  itself  gradually  t'ccomes  concentrated  ;  hence, 
concentrated  saline  solution  fails  to  cxcile  any  secretion  when  administered.] 
It  is  also  interesting  in  connection  with  saline  calhariics  that  the  salt^ — sulphate  of  magnesia  or 
|ihale  of  soda — becomes  split  up  tn  the  small  intestine,  and  the  acid  Ls  more  rapidly  absorbed 
in  the  base.  A  portion  of  the  atisorbcd  acid  shortly  afterward  returns  to  the  intestines,  evidently 
trough  the  intestinal  glands.  After  the  maximum  of  excretion  of  the  acid  ha.^  been  reached,  the 
lit  begins-  very  slowly  and  gradually  to  disappear  by  absorption,  which  is  checked  only  by  the 
■conrcncc  of  purgntinn.  The  salt  does  not  purge  when  injected  inio  the  blood,  and  excites  do 
iicstjn.il  secretion  ,  nor  does  it  purge  when  injected  subcutaneously,  unless  on  account  of  its  cans- 
local  irritntioit  of  the  at>dominat  subcutaneous  tissue,  which  acts  rcHexly  on  the  intestine^,  dila- 
tbeir  blood  vessels,  and  perhaps  stimulating  their  muscular  movements.] 
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i6a.  STRUCTURE  OF  THE  STOMACH.— [The  stomach  receives 
the  bolus,  and  secretes  a  juice  which  acts  on  certain  constitaents  of  the  food. 
while  by  its  muscular  walls  it  moves  the  latter  within  its  own  cavity,  and  after  i 
time  expels  the  jKirtially  digested  products  tow:ird  the  duodenum.] 

Structure. — [The  walls  of  the  stomach  consist  of  four  coats,  which  are,  from 
without  inward — 

(l)  The  xrrom  Uyfr^  from  ihc  peritoneum. 

(a)  'ITtc  mnsfuliir  layrr^  comjxiseil  of  three  layers  of  non-striped  muscular  6brc»^(d),  km^i 
luditiBl ;   (A),  circular:   (r),  ohlif|iie  (j  15). 

(3)  The  ttthmuditti  Itiyef,  of  loose  connective  tissue,  with  larger  blood  veaseli.  lyrophfttlcs  aail 
hcrveti. 

(4]  The  mHtOHS  laytr.'\ 

The  well -developed  mucous  membrane  of  the  stomach  is  thrown  into  a 
series  of  folds  or  rugsc,  in  the  contracted  condition  of  the  organ.  With  the  aid 
of  a  hand  lens,  it  is  seen  to  be  beset  with  small,  irregular  depressions  ox  pits  (Fig- 
169).  Throughout  its  entire  extent  it  is  covered  by  a  single  layer  of  moderately 
tall,  narrow,  <;i'//Wr/'<-<2/ epithelium,  which  seems  to  consist  of  mucus-secreting 

Fig.  i6q. 
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goblet  cells  (Fig.  168).  The  epithelium  is  sharply  defic»ed  at  thecxrdU 
the  sirattiied  epithelium  of  the  oesophagus,  and  also  at  the  pylons,  mxa  dttinc 
cylindrical  epithelium  with  the  striated  disk  in  the  duodenum.  [Tbecdkeo*- 
tain  a  plexus  of  hbnls  and  in  the  passive  condition  seem  to  constst  of  tvo  nan. 
an  outer  clear  part,  next  the  lumen  of  the  organ,  consisting  of  a  sofastuwe  (aoo- 
g«n)  which  yields  mucus,  the  attached  end  of  the  cell  being  gramilar.J  The  o«il 
nucleus  lies  about  the  centre  of  the  cells.  Spindle-shaped,  nodeated  cdh,  pn- 
hably  for  repUcmg  the  others,  are  said  by  Ebstein  to  occur  at  their  facscL  JUl 
the  cells  are  open  at  their  free  ends,  so  that  the  mucus  is  readily  dischafged,  lew* 
ing  the  cells  empty  {^F.  E.  ScJhiltsr^.  Numerous  tubular  glands  of. 
kinds  ore  pLaced  vrrtically,  like  rows  of  test  tubes,  in  the  mnooas 

Fundus  Glands. — On  m^ing  a  vertical  section  of  the 
ibe  gastric  mocoos  membrane,  and  submitting  it  to  microscopic 
seen  to  conskit  of  a  number  of  tubular  glands  placed  side  by  side. 
^ftmJks  gimmds  of  Heidenhain,  otherwise  called  peptic,  or  cardiac 
tubes,  ^lich  are  wider  below,  usually  open  into  the  sbort  dad  (Fig.  xjmX.   ^kA 
glaad  consists  of  a  smictiireless  membrana  propria  with 
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cells  in  relation  with  it.  The  duct  is  lined  hy  a  layer  of  cells  like  those  lining 
the  stomach,  while  the  secretory  part  of  the  tubes  is  lined  throughout  by  a 
Uyer  of  ((lauular,  short,  small,  polyhedral,  or  columnar  nucleated  cells.  These 
[cells  border  the  very  narrow  Uimcn,  and  were  called  chitf  or  principal  cells  by 

Fio.  170. 
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I ,  Tr«nv«nB  section  of  a  duct  of  a  fundui  gland— «.  mcinhnuiB  preprui ;  ^,  fnucus-^ccrcting  goblet  cctb  ;  r,  adrnof d 
E  inltrktillsl  »ub»Unc«.  II.  Tian>vcne  »eciion  C/(  a  fundus  g|aod—<i,  chtef  cells  ;  A,  parietal  celb:  r,  adenoid 
■       UMue  bctweea  ihe  gUnd  tubot ;  e,  divided  caplUarla. 

Heidcnhain  ;  they  arc  also  known  as  central  cells  (Fig.  170,  II,  ^j),  or  adchmwr- 
phtnts  (a«i;-i«i',  hidden).     At  various  pUces  between  these  cells  and  the  raembrana 

propria  are  large,  oval  or  angular,  well-defined,  granular,  densely  reticulated, 
pBUcleated  cells,  the  /rtnVAz/ cells  of  Heidenhain,  the  delo-  p,^ 

%orphi>us  cells  of  Rollett,  or  the  oxyntic  (acid  forming") 
'cells   of   Langley   (Kig.    170,    II,   h).     They  are   most 

numerous  in  the  neck  of  the  glands,  and  least  so  in  the 

deep  blind   end   of  the  tubes.     These  cells  are  stained 

dctiily  by  osmic  acid  and  aniline  blue,  so  that  they  are 

readily  disiingui.shed   from  the  other  tells.     They  bulge 

out   the  membrana  propria  of  the  gland  opposite  where 

ihey  are  placed.     The   parietal  cells  in  man  are  said  to 

reach  to  the  lumen  of  the  gland  tubes  iSfohr').     Isolated 

cells  are  sometimes  found  under  the  epithelium  of  the 

surface  of  the  stomach  {Heidcnhain),  and  occasionally 

in  individual  pyloric  glands  (Stohr).     The  fundus  glands 
Lre  most  numerous  (about  five  millions,  according  to  Sap- 
;y),  and  are  of  considerable  size  in  the  fundus. 
2.  The  Pyloric  Glands  occur  only  in  the  region  of 

the  pylorus,  where  the  mucous  membrane  is  more  yellow- 
ish-while in  color  (Fig.  i7t).  These  glands  are  gen- 
erally branched  at  their  lower  ends,  so  that  several  tubes 

open  into  a  single  duct  fwhich,  in  contradistinction  to 

the  duct  of  the  other  glanns,  is  wide  and  long,  extending 

often  to  half  the  depth  of  the  mucous  membrane.     The 

duct  is  lined  by  epithelium  like  that  lining  the  stomach, 

while  the  secretory  part  is  lined   by  a  single  layer  of 

short,  finely  granular,  columnar  cells,  whbsc  secretion   is 

quite  different  from  that  of  the  cells  lining  the  duct.     The 

lumen  is  well  defined.     Nussbaum  has  occasionally  found 

other  cells,  which  slain  deeply  with  osmic  acid,  between 

the  bases  of  these.  Ebstein  regards  these  cells  as  form- 
ing pepsin.     It  is  to  be  remembered  that  the  appearance  boUted  pyloric  gUnd. 
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of  tlie  cells  differs  according  lo  their  state  of  physiological  activity  (Figs.  173, 
174"),  When  they  are  exhausted  they  are  smaller  and  more  granular,  owing  to 
the  denser  reticulation  of  their  network  ;  at  any  rale,  ihcy  are  granular  in 
preparations  hardened  in  alcohol  (Fig.  174).] 

Muscularis  Mucosae. — The  gUiuls  a'c  supportcil  by  vcrydclicntc  connective  li&sne  tntxcd  whb 
adenoid  (issue  (Fig.  170).  Uclow  this  arc  two  layers,  circular  and  longitudinal,  of  non->ctnpeil 
muscle,  the  muscu/iirij  mufostt^  and  from  it  fine  processes  of  smooth  muscular  fibrci  psa  Dp 
between  groups  of  the  glands  toward  the  free  epithelial  hurface  of  the  gastric  mucous  raentbruc. 
These  muscular  processes  are  said  to  be  concerned  tii  emptying  the  glands.    [In  the  gastric  mocom 

Fig.  172. 
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VertJco)  (cctior  of  the  a^uriQ  mucotu  membrane,  f,  g,  piu  on  the  «urfa«  :  >.  oeck  of  »  ^ndu«  gliuvl  v(j«°>"f  '"to 
a  duct,  f :  X,  paricul,  and^,  chief  cells;  a,  v,  c,  Bncry,  vein,  cApllUne*  ;  J,  d,  lymphalki,  cBiptjfiitK  iniu  a 
Urge  trunk,  e. 


membrane  of  the  cat.  there  is  a  clear  homogeneous  Iftyer,  which  is  stained  red  by  picrocarmine.  and 
placed  immediately  internal  to  the  muscularis  mucoBX.  It  is  pierced  by  the  procesuA  pacing  from 
the  mtMCularis  mucosa.] 

Masses  of  adenoid  tissue  occur  in  the  mucous  membrane^  especially  near  the  pylorus,  comiitut- 
iug  lymph  fi<liUlfs,  which  arc  comparable  to  the  solitary  glands  of  the  small  intestine. 

The  Lymphatics  arc  numerous,  and  begin  cloiic  under  the  cpitbeliuni  by  dihted  extremitie* 
or  loops  (I'lg.  172,  //) ;  they  run  verticdtty,  and  anaMnmosc  in  the  mucosa  t>etwecn  the  gland  lobes* 
wliicli  they  envelop  m  sinus-like  s))Aces.  They  join  large  trunks  in  the  mucosa;  another  ptcius  of 
large  vessels  exists  in  the  «ub.mucosa  (^ciVm). 
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^^      [The  Ncrvea.— A  ptexux  of  non-medullated  nerve  fibres  and  a  few  ganglion  cells  exisi  In  the 

^Hapu->cular  cnal  iAi4frh,i(A'<:),  and  another  [Meiisner^s')  in  the  sub-mucou.] 

^H^  Tbe  Blood  VesselB  ar<:  very  numerous.  Small  arterial  branches,  d,  run  in  the  sab-mucosa  and 
^H«»ccnd  between  the  glands  to  form  a  longitudinal  capillar)-  network, «,  c,  which  forms  a  narrow  net- 
^Bvofk  under  the  cpttheltum,  and  between  its  meshes  the  gland  ducts  open,^'.  The  veins  gradtiaUy 
^^  cnlteci  from  this  horizontal  capillary  network  and  run  toward  the  large  veins  of  the  sub-mucosa,  t'. 

163.   THE    GASTRIC   JUICE.— Properties.— The  gastric  juice  is  a 
f       tolerably  clear,  colorless  fluid,  with  a  strung  acid  reaction,  sour  taste,  and  peculiar 

characteristic  odor  ;  it  rotates  the  i)lane  uf  i>olarizcd  light  to  the  left  {Noppe-Siy- 
L  /er).  It  is  not  rendered  turbid  hy  boiling,  and  resists  putrefaction  for  a  longtime. 
^Klts  specific  gravity  =  1003.5  (*J**gt  *oo5),  and  it  contains  only  ^  per  cent,  of 
^^^lid  constituents.  The  quantity  of  gastric  juice  secreted  in  twenty-four  hours 
^^was  estimated  by  Beaumont,  from  observations  upon  Alexis  St.  Martin,  who  had 
l^a  gastric  fistula  (1834) — at  only  180  grms.  daily  (I)  ;  by  GrOnewald  (tSs^),  in  a 
^^ntnilar  ca.se,  as  equal  to  36.4  per  cent,  of  the  body  weight ;  while  bidder  and 
^^^chmidt  (from  corresponding  observations  on  dogs)  estimated  it  as  e<qual  to  6J4 
^Hkdos.  daily,  corresponding  to  -j^^  of  the  body  weight.  It  contains: — 
^w^  (i)  Pepsin   (7//.  Sihwanrtj   i8j6)j  the  characteristic  nitrogenous  hydrolytic 

ferment  or  enzym,  which  dissolves  proteids.  E.  Schiitz  obtained  0.41  to  1.17  per 
^^:eQt.  from  a  fasting  person,  by  means  of  the  oesophageal  sound. 
^B  (2)  Hydrochloric  Acid  {Prout^  1S24),  0.3  to  0.3  {Michef,  0.8  to  a.i)  per 
^Kooo;  I. HI  the  dog,  0.52  per  cent. J.  This  occurs  frcf  in  the  gastric  juice,  as  the 
^■atter  always  contains  more  free  chlorine  than  bases,  to  which  it  can  be  united 
^B[C  Schmitfi).  Lactic  acid  is  usually  met  with,  but  it  arises  from  the  fermentation 
^^pf  the  carbohydrates  of  the  food.  [A  solution  of  HCI  of  this  strength  is  made 
^^ty  adding  6.5  c.c.  of  the  ordinary  commercial  acid  to  i  litre  of  water.] 

^^^  Tests.— Free  hydrochloric  acid  is  detected  by  the  following  reactions  : — 0.025  1^'  ^^^'^-  ^'^^■ 
^Hfton  of  mylhyl  violet  becomes  blue;  or,  alkaline  solution  of  co-tropanlin  becomes  lilac;  or,  red 
^^Bordeaux  wine  is  treated  with  amylic  alcohol  until  ii:i  Color  a/nv^i/ disap|>cars — when,  if  dilute 
^^Kydr«>chloric  acid  be  added,  a  ro6e  color  is  olnained. 

^^p     Lactic  Acid. — The  frenbly  prepared  blue  solution  of  10  c.c.  of  a  4  per  cent,  solution  of  carbolic 
*       acid,  with  30  c.c.  of  distilled  water,  and  i  drop  of  litjuor  fern  perchlonde,  is  dianged  xoyttivw  by 
lactic  add  (  i^eimnHn). 

(3)  The  large  amount  of  mucus  which  covers  the  surface  of  the  mucous  mem- 
brane is  to  be  regarded  as  the  secretion  from  the  goblet  cells  of  the  mucous  mem- 
brane (§  162J. 

t(4)  Mineral  Salts  (3  per  1000). 
Tbcy  lUT  chiclly  sodium  and  potassium  chlorides,  less  calcic  chloride  (ammonium  chloride,  also 
animaltl,  anil  the  compounds  of  phosphoric  acid  with  lime,  magnesium,  and  Iron. 
AmrMig  foreign  fculntanccs,  which  may  be  introduced  into  the  body,  the  following  appear  in   the 
>tnc  juice— HI,  afier  the  use  of  potassium  iodide — potassium  sulphocyanide,  fenrlc   lactate,  and 
^r,  And  .iminnnium  cartK>nAte  in  uncmia. 
^Compoaition. — Gastric  juice  (human)  mixed  with  some  .•uHva  [C.  Sthmidt)— 
Water 99.44 
.Solidi 0.56 
Organic  substances  (pcpiin  and  peptones) 0.33 
Free  hydrochloric  acid 0.35 
Sodic  chloride 0.14 
PolassJc  chloride 0J>5 
Calcic  chloride 0.006 
T'hcKpbates  of  limr,  magnesia  and  iron 0.015.] 
X64.  SECRETION  OF  GASTRIC  JUICE.— After  the  discovery  of  the 
,      two  kinds  of  glands  in  the  stomach,  and  after  it  was  found  thai  the  fundus  glands 
contained  two  diflferent  forms  of  cells,  the  question  as  to   whether  the  different 
instituent.suf  gastric  juice  were  formed  by  different  histological  elements  came  to 
investigated. 
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Changes  of  the  CelU  during  Digestion. —  l>uring  (he  coune  of  digestion  ihc  celU  of  ihe  6)n- 
dus  (and  pyloric  glands,  dog)  undergo  importoni  chnnges  Ufeidrnkairit  Ehuin^.  I>uring  haagn 
the  chief  cells  arc  (7c<7r  find  large,  the  panelal  investing  cells  are  smnll.  the  pyloric  cells  i/ntruid 
of  moderate  size.  Durinij  the  first  icix  houni  of  digestion  the  chitf  cell>  become  (ttlat-grd 
moderatcty  turbid  ur  granular,  ibe  {Mrictol  cells  kIso  enlargt,  while  the  pyloric  cells 
unchanged.  The  chief  cell*  become  aiftmisheti  AnA  more  turbid  or  granular  unid  the  nirvth 
the  parietal  cclU  are  ttill  «woUcn,  and  the  pytpric  cclU  enlarge.  During  ihe  last  hours  of  di^cttran 
the  chief  ccIU  again  become  larger  and  clearer,  the  parietal  cells  diminish,  the  pyloric  cells  decroie 
in  sise  and  become  turbid  (Figs.  173  and  174). 

[Langle/  gives  a  different  description  of  the  appearances  presented  br  these  cells  daring  Affcrtot 
phases  of  secretory  activity.     The  results  nmy  be  reconciled  by  remembering  that  the  gUnd 
were  examined  under  different  conditions.     The  secretory  cells  consist  of  a  cell  fub>taiice  com| 


Fig.  173. 


Fic.  174. 
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FyloHr  KLind«  showing  ctunfn  of  tbc 
cells  durins  (liKevilon  (AAtfrc*). 


of  (a)  a  framework  of  living  protoplum,  cither  in  Ihe  fonn  of  an  intracellular  fibrilbr  networit 
(A7«fi),  or  in  flailened  bantU.  The  meshes  of  this  framework  endoK  at  !ea«  iwo  chemical  suh- 
stancca,  viz.,  (^)  a  hyaline  substance  in  contact  with  the  framework,  and  U)  spherical  granules  which 
are  embedded  in  the  hyaline  substance  (£anj;/fy).  Speaking  generally,  during  active  secielion, 
the  granules  decrease  in  number  and  fize,  the  hyaline  substance  increases  in  amount,  the  network 
grows.  This  is  the  reverse  of  what  is  stated  above  as  the  observation  of  Heideohain,  but  the  gran, 
ular  ofipearance  described  by  Heitienhain  after  secretion  is  very  probably  due  to  the  action  of  Ihe 
hardening  agent,  alcohol.  I^angtev  found  that  in  the  living  condition,  or  after  the  use  of  wmtc 
acid,  in  some  anitnals  at  least,  the  chief  cells  arc  granular  during  rest,  bul  during  a  state  of  activity 
two  zones  are  differential ed,  an  outer  one,  which  is  clear,  owing  to  the  disaf^orsncc  of  Ihe  gran* 
nles,  and  an  inner  more  or  less  granular  one.    Granules  reappear  in  the  outer  part  after  rest*    During 
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jestion,  ihe  parietal  cells  increase  ia  size,  but  do  not  become  grannlar.  In  nil  cells  containing 
luch  pepsinogen,  distinct  (granules  are  present,  and  the  (juantity  of  pepsinoi^cn  varies  dlrcciljr 
uh  the  ntjmber  and  size  of  the  granules.  In  the  glands  of  sonic  animals  there  is  little  dllTer- 
icc  between  the  restine  and  active  phases  {Latt^'/f}').  Compare  Serous  G/ani^s,  I  143*  and  Aifl- 
r*.  (  !68.] 

The  Pepsin  is  formed  in  the  chief  cells  {^HiiJenkaiti).  When  these  are  clear 
and  large  they  contain  much  jjciisin,  when  they  are  conlractcd  and  turbid  the 
amount  is  small  {^Grutzru-r).  The  pyloric  glands  are  also  said  to  secrete  pej/iin,  bnt 
only  to  a  small  extent  {libstein,  Grufznet%  KUmensutoUt),  Pepsin  accumulates 
during  the  first  stage  of  hunger,  and  it  is  eliminated  during  digestion  and  also  dur- 
ing prolonged  hunger.  According  to  Ebstein,  GrUlzner,  and  Langley,  pepsin,  as 
suchf  is  not  present  within  the  cells,  but  only  as  a  "  mother  substance,"  a  pepsin- 
ogen sulwtance  (zymogen;,  or  propepsin  (Sfhiff)^  which  occurs  in  the  gran- 
ules of  the  chief  celU  [Lan^i^y).  Tnis  zymogen  or  mother  substance,  by  itself, 
has  no  effect  upon  protcids ;  but  if  it  be  treated  with  hydrochloric  acid  or  sodium 
chloride,  it  is  changed  into  pepsin.  Pepsin  and  pepsinogen  may  be  extracted 
from  the  gastric  mucous  membrane  by  means  of  water  free  from  acids. 

The  pyloric  glands  secrete  pepsin,  but  no  acid.     Klemensiewicz  ex- 
cised in  a  living  dog  the  pyloric  |)ortion  ol  the  stomach,  and  afterward  stitched 
together  the  duodenum  and  the  remaining  part  of  the 
stomach.  Fig.  175. 

Pyloric  Fistula.  — [In  Fig.  175  P  represents  the  excised 
loric  portion,  C  the  cardiac.  The  ports  «,  o,  and  a'  a'  were 
ca  stitched  togciber,  and  the  continuuy  of  the  ur^an  e»ublishcd . 
c  lower  end  \d)  of  P  was  ckiscfl  by  sutures,  while  Ihc  edges  of 
at  o  were  niiched  to  the  3l<dr.min.il  walls,  thus  making  a  pyloric 

] 

The  excised  pyloric  part,  with  its  vessels  intact,  he 

stitched  to  the  alfdominal  wall,  after  sewing  its  lower 

end.  The  animals  experimented  on  died,  at  the  latest 
^^fter  SIX  days.  The  secretion  of  this  part  was  thin, 
^^mikaiift€,  and  contained  3  per  cent,  of  solids,  includ- 
^K)g  pepsin. 

^P    In  the  frog  the  alkaline  glands  of  the  cesophagus  contain  only  chief  cells  which 
^^roduce  pcp»in  ;  while  the  stomach   has  glands  which  secrete  acid  (and  perhaps 

suinc  pepsin  I,  and  are  lined  by  parietal  cells  i^Parisch,  v,  SwiecUki). 

Ajnoc^  fiahea  the  carps  have  no  fundus  gUnds  in  the  stomach  [/Mt-^jr^).    [The  secreting  por- 
IJoni  of  glands  of  the  cardiac  sack  (cropj  ol  the  herring  are  lined  by  a  iin^h  layer  of  polygonal 
\\%{W,Stirlms). 

The  hydrochloric  acid  is  formed,  accordmg  to  Heidenhain,  by  the  parietal 
Us.  It  occurs  on  the  free  surface  of  the  gastric  mucous  membrane  as  well  as  in 
he  ducts  of  the  gastric  glands.  The  deep  parts  of  the  glands  are  usually  alkaline. 
Free  HCl  is  detected  in  human  gastric  juice,  within  45  minutes  to  i  to  2  hours 
after  a  moderate  meal  {j'an  dc  VeUe^  and  others),  but  in  10  to  15  minutes  in  a 
fasting  condition  after  drinking  water  yE.  I'reriihs) ;  the  amount  gradually  in- 
crea&es  during  the  process  of  digestion  {Kretschy  ami  i/ffe/mann). 

CI.  Bernard  injected  potiutum  fcrroc)'anide,  and  afterword  lactate  of  iron,  into  the  veins  of  a  dog. 

After  deatb.  blue  coluraiion  occurred  only  in  the  ////Vr  acid  laycrsof  the  mucous  membrane.  Xever- 
ek-s>,  wc  must  aik^umc  that  Ihc  hydmchtohc  add  is  secreted  in  the  parietal  cells  of  the  fundus  of 
le  Inlands,  and  ibat  11  is  rapidly  earned  to  the  surface  aion^  wtth  the  |.H;psin.  Brilcke  nvuirttlizcd 
e  surface  of  the  yasiric  mucous  membrane  with  magnesia  usta,  chopped  up  the  mucous  membrane 

with  water,  and  left  it  for  some  lime,  when  the  fluid  had  again  an  acid  reaction. 

With  regard  to  the  formation  of  a  free  acid,  the  following  statements  may 
be  noted ;  The  parietal  ceils  form  the  hydrochloric  acid  (rom  the  chlorides  which 
the  mucous  membrane  takes  up  from  the  blood.  According  to  Voit,  the  formatioo 
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of  acid  ceases  if  chlorides  be  withheld  from  the  food.  The  active  agent  is  Uctic 
acid,  which  splits  up  sodium  chloride  and  forms  free  HCl  (Afafy).  The  base  set 
free  is  excreted  by  the  urine,  rendering  it  at  the  same  lime  less  acid  {Jones^  MaJy). 
The  formation  of  acid  is  arrested  during  hunger.  According  to  H.  Schuiz,  water}* 
solutions  of  alkaline  and  earthy  chlorides  are  decomposed,  even  at  a  low  tempera- 
ture, by  CO^,  free  hydrochloric  acid  being  formed. 

Secretion. — When  the  stomach  is  rmpfy^  there  is  no  secretion  of  gastric  juice  ; 
this  takes  place  only  after  appropriate  (mechanical,  thermal,  or  chemical)  stimu- 
lation. In  the  normal  corduion,  it  takes  place  immediately  on  the  introduction 
of  food,  but  also  of  indigestible  substances,  such  as  stones.  The  mucous  mem- 
brane becomes  red,  and  the  circulation  more  active,  so  that  the  venous  blood 
becomes  brighter.  [That  the  vagi  arc  concerned  in  this  vascular  dilatation,  is 
proved  by  the  fact,  that  if  both  nerves  be  divided  during  digestion,  the  gastric 
mucous  membrane  becomes  pale  i^Huther/onf  ).'\  The  secretion  is  probably  caused 
reflexly,  and  the  centre  is  perhaps  in  the  wall  of  the  stomach  itself  (Meissner's 
pltrxus  in  the  sub-mucous  coat).  It  is  asserted  that  the  idea  of  food,  especially 
during  hunger,  excites  secretion.  As  yet  we  do  not  know  the  effect  produced  upon 
the  secretion  by  stimulation  or  destruction  of  other  nerves,  e,  g.,  vagus,  sytnpt- 
thetic.  [There  is  no  nerve  passing  to  the  stomach,  whose  stimulation  causes  a 
secretion  of  gastric  juice,  as  the  chorda  tympani  does  in  the  submaxillary  gland. 
If  the  vagi  be  divided  sufficiently  low  down  not  to  interfere  with  respiration,  the 
introduction  of  food  still  causes  a  secretion  of  gastric  juice;  even  if  the  sympa- 
thetic branches  be  divided  at  the  same  time,  secretion  stilt  goes  on  {Hetdtnhain). 
This  experiment  points  to  the  existence  of  local  secretory  centres  in  the  stomach. 
But  there  is  evidence  to  show  that  there  is  some  connection,  perhaps  indirect, 
between  the  central  nervous  system  and  the  gastric  glands.  Richei  obsen-ed  a 
case  of  complete  occlusion  of  the  tesophagus  in  a  woman,  produced  by  swallow- 
ing a  caustic  alkali.  A  gastric  tistula  was  made,  through  which  the  person  could 
be  nourished.  On  placing  sugar  or  lemon  juice  in  the  person's  mouth,  Richet 
observed  secretion  of  gastric  juice.  In  thi$  case  no  saliva  could  be  swallowed  to 
excite  secretion,  so  that  it  must  have  taken  place  through  some  nervous  channels. 
Even  the  sight  or  smell  of  food  caused  secretion.  Emotional  slates  also  are  known 
to  interfere  with  gastric  digestion.] 

Effect  of  Absorption. — Heicienhain  isolated  a  part  of  the  mucous  membrane 
of  \\ic/uni/us  so  as  to  form  a  blind  sack  of  it,  and  he  found  that  mechanical  stimu- 
lation caused  merely  a  scanty  /rjiru/ secretion  at  the  si>ots  irritated.  If,  however, 
at  the  same  time,  absorption  of  digested  matter  also  occurred,  .secretion  took  place 
over  larger  surfaces,  [He  distinguishes  a  primary  and  merely  local  secretion 
excited  by  the  mechanical  stimulus  of  the  ingesta,  and  a  secondary  depending  on 
absorption  and  extending  to  the  whole  of  the  mucous  membrane.] 

The  statement  of  Schifl,  that  active  gastric  juice  is  lecreted  only  after  abftoqition  of  the  ao-called 
peptogenic  subBtances  (especially  dextrin),  Is  denied. 

Aciion  of  Alcohol. — Small  doses  of  alcohol,  introduced  into  the  stomnch,  incre&se  the  lecretioa 
of  ga-ftric  juice ;  large  doses  arrest  it.  Artificial  digestion  is  aff^ected  by  io  per  cent,  of  aJcohot 
(5c4ff/^J,  is  retarded  by  20  per  cent,  and  is  arretted  by  stronger  doses.  Beer  and  wine  hinder 
digestion,  and  in  on  undiluted  form  they  interfere  with  artificial  digestion  {BucAfur). 

The  gastric  juice,  which  passes  into  the  duodenum  after  gastric  digestion  is 
completed,  is  ncutraiiztd  hy  the  alkali  of  the  intestinal  mucous  membrane  and  the 
pancreatic  juice  [at  the  same  time,  a  precipitate  is  formed  and  deposited  on  the 
walls  of  the  duodenum,  and  it  carries  the  pe[)sin  down  with  it].  Part  of  the 
pepsin  is  reabsorbed  as  such,  and  is  found  in  traces  in  the  urine  and  muscle  juice 
{BrUcke). 

If  the  gastric  juice  be  completely  discharged  externally  through  a  gastric  fistula, 
the  alkalinity  of  the  intestine  is  so  strong  that  the  urine  becomes  alkaline  {Afafy). 

The  acid  gaftric  Juice  uf  the  new-born  child  i&  already  fairly  active;  casein  is  roost  easily  di- 
gested by  it,  then  nbrln  and  the  other  proteid&  {Zutt/r/).    When  the  amouni  of  acid  ia  too  ^nti 
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in  the  stomach  of  suckliogs.  Urge,  (irm.  indigestible  masses  of  casein  are  apt  to  be  formed  (Simon, 
BieJfT/—Ke  Aft/t,  \  2^0).     This  occurs  more  especially  after  ihe  use  of  cow's  roilk. 

[Action  of  Drugs  on  Gastric  Secretion. — LHIuie  alkalies,  if  given  before  food;  saliva;  some 
substances  cilled  peptogens  by  Schiff,  such  as  ricxtrin  and  peptones,  alcohol  and  eihe',  all  excite 
i«Cfei)on,  the  last  being  very  powerful.  When  the  secretion  is  otces-ively  acid,  anfacuit  are  given, 
x-imc  dimini&hiu^  the  acidity  in  the  stomach.  lu  the  carbonates  and  1>tcarl>onalcs  of  ilic  alkalies, 
ll.^uor  pu(iVKie  and  the  carbonate  of  magnirsia ;  while  the  citrates  and  tartrates  of  the  alkalie^, 
bet:ainirig  convened  into  carbonates  in  their  passage  through  the  organism,  diminish  the  acidiiy  of 
the  urine.] 

i6s.  METHODS  OF  OBTAINING  GASTRIC  JUICB.—Historicat.—Spallanun!  caused 

starving  animals  to  swallow  small  pieces  of  sponge  enclitsed  in  perroralcd  lead  capsules,  and  after 
a  lime,  when  the  sponges  had  become  satiiraieri  with  ga»]ric  juice,  he  removed  them  from  the 
stomach.  To  avoid  the  admixture  of  saliva,  the  s|xinges  are  best  iDtroduce<l  through  an  opening 
in  the  uesophagos  {Man^st€in\.  Starving  animaU  were  forced  to  swallow  smalt  tfoiies,  which 
ckCited  the  secretion  of  gastric  juice.     After  a  time,  the  animals  were  killed,  and  the  juice  collected. 

Dr.  Hcaaioonl  (1825],  an  American  physician,  was  the  first  to  obtain  human  gastric  juice,  from 
■  Canadian  named  Alexis  St.  Martin,  who  was  injured  by  a  gunshot  wound,  whereby  a  permanent 
gastric  hstula  wai  cstablLshed,  Various  substances  were  introduced  through  the  external  opening, 
which  was  partially  covered  with  a  fold  of  skin,  and  the  timu  required  for  their  solution  was  noted. 
Basso*  (1843)1  Ulundlot  (1S4J),  and  Uardeleben  (1^(49)  were  thereby  led  to  make  artificial  gastric 
fislulae. 

Gaalric  Fistula. ^Thc  anterior  abriominal  wall  is  opened  by  a  median  incision  just  below  the 
ensiform  cartilage,  the  stomach  is  exposed,  and  its  anterior  wall  opened  and  afterward  stitched  to 
the  margins  of  the  abdijtmnal  walls.  A  strong  cannula  is  placed  in  the  fistula  thus  formed.  A 
silver  cannula,  about  ait  inch  wide  and  with  a  Hangc,  is  introduced  into  the  storaacli,  so  that  the 
f1an(;e  lies  in  contact  with  the  gastric  mucous  membrane.  The  inner  surface  of  the  tube  of  the 
CADnula  is  provided  with  a  screw,  into  which  a  similar  cannula  is  i^crcwed,  and  its  tiange  comes  in 

contact  with  the  abdominal  wall.    When  the  two  are  placed  logellicr,  they  have  the  form  of  —  ,  where 

a  puses  into  b.  [When  the  two  parts  of  the  cannula  ore  screwed  '.ojethcr,  the  flanges  keep  the 
abdominal  walls  and  gastric  walls  in  contact  until  Ibey  become  united  organically.)  As  a  rule,  the 
tube  is  ke|H  corked.  If  the  duct:^  of  the  salivary  glaniLs  he  tied,  a  perfectly  uncomplicated  object 
for  investigation  is  obtained. 

According  to  Lcube,  dilute  human  gastric  juice  may  be  obtained  by  means  of  a  siphon-like  tube 
ioiroduccd  into  the  stomach.     Water  is  introduced  first,  and  after  a  time  it  is  withdrawn. 

Artificial  Gastric  Juice. — An  important  advance  was  made  when  Kbcrlc  1. 1834)  prepared  "  orti- 
fi^iiU ^mstnc  juL<^'  by  extracting  the  pepsin  fnim  the  gaatric  mucous  membrane  with  dilute  hydro- 
chloric acid.  A  certain  dc^ec  of  concentration,  however,  is  required  (Schwann).  Four  litres  of 
a  ualery  Mluiion  uf  o.}^i.o-l.7  of  pure  hydrochloric  acid  per  1000  {Bru<kt)  arc  sufficient  to 
extract  the  chopped-up  mucous  membrane  of  the  pig's  stomach.  l[:v]f  a  litre  is  iofu-scd  with  the 
•tomach  and  renewed  every  six  hours.  The  collected  6uid  ts  afterward  Altered  ( //<?/;V-5/>'//rJ . 
The  sulfstance  to  be  digested  ii  placed  in  this  fluid,  and  the  whole  is  kept  at  the  temperature  of  the 
body,  Init  it  ts  necessary  to  .idd  a  little  IICI  from  time  to  time  (Sihwann').  The  IICI  may  lie  re- 
placed t>y  ten  times  its  volume  of  lactic  acid  \LehmanH\  and  also  by  nitric  acid  ;  while  oxalic,  sul- 
phuric, phuf-photic,  acetic,  formic,  succinic,  tartaric  and  citnc  acids  arc  much  less  active;  butyric 
and  !a.licyrk-  actcU  are  inaaive. 

Von  Wittich's  Glycerine  Method. — (<j)  Glycerine  extracts  pepsin  in  a  very  pure  form.  The 
mucous  membrane  is  rubbed  up  with  [Kiwdercd  glass  until  it  forms  a  pulp,  mixed  with  glycerine, 
and  allowed  In  stand  for  eight  Hays.  I'hc  fluid  U  pressed  through  ctolh,  and  the  filtrate  mixed  with 
■Icnho),  thuh  precipitating  the  pepsin,  which  is  washed  with  alcohol,  and  afterward  dissolved  in  the 
dilate  He  I,  to  form  an  artificial  digestive  Huid.  [The  aildition  of  a  few  drops  of  the  glycerine 
csiract  lu  dilute  llCl  im  sufhcient  for  ex[M:rimentA  nn  artihcial  digestion.] 

yb)  Or  the  mucous  membrane  maybe  placed  for  twenty  four  hours  in  alcohol,  and  afterward  dried 
and  exiraaed  for  eight  days  wiih  glycerine. 

(/)  Wm.  Rol>crts  has  used  other  agents  for  extracting  enzyms  {\  14SI. 

Preparation  of  Pure  Pepsin. — liriickc  pours  on  the  pounded  mucous  membrane  of  the  pig's 

imach  a  5  [«r  cent,  sulutmn  of  phosphoric  Micid,  and  aftertvard  adds  lime  water  until  the  acid 
reaction  is  scarcely  distinguishable.  A  copiuus  precipitate,  which  carries  the  pepsin  with  it,  is  pro- 
duced. This  precipitate  is  collected  on  cloth,  repeatedly  washed  with  water,  and  afterward  dis- 
solved in  very  dilute  IICI.  A  copious  precipitation  is  caused  in  this  fluid  by  grndually  adding  to  it 
a  mixture  of  cholesterin  in  four  [»irts  of  alcohol  and  one  of  ether.  The  chotcsterin  pulp  is  col- 
lected OD  a  filter,  wostied  with  water  containing  acetic  acid,  and  afterw-nrd  with  pure  water.  The 
cliale«t<rin  palp  is  placed  in  ether,  to  dissolve  the  cholesterin,  and  the  ether  is  then  removed.  The 
small  watery  dcpoiit  contains  the  pepsin  in  solution. 

Properties. — Pepsin  so  prepared  is  a  colloid  substance ;  it  does  not  react, 
ike  albutntn,  with  the  lollowing  tests,  viz. :  it  does  not  give  the  xanthroprotein 
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reaction  (§  248)4  is  not  precipitated  by  acetic  acid  and  potassium  ferrocyanide, 
nor  by  tannic  acid,  mercuric  chloride,  silver  nitrate  or  iodine.  In  other  respects, 
it  belongs  to  the  group  of  albumins.  It  is  rendered  inactive  in  an  acid  fluid  by 
heating  it  to  55°-6o**  C.  {Ati.  Mayer). 

166.  PROCESS  OF  GASTRIC  DIGESTION— [In  the  process  of  gas- 
tric digestion  we  have  to  consider — 

1.  The  secretion  of  gastric  juice  and  its  action  on  food. 

2.  The  absorption  of  the  products  of  this  digestion. 

3.  The  movement  of  the  stomach  itself.] 

Chyme. — The  finely  divided  mixture  of  food  and  gastric  juice  is  called  thyme. 
The  gastric  juice  acts  upon  certain  constituents  of  chyme. 

I.  Action  on  Proteids. — Pepsin  and  the  dilute  hydrochloric  acid,  at 
the  temperature  of  the  body,  transform  proteids  into  a  soluble  form,  to  which 
Lehmann  (1850)  gave  the  name  of  "  Peptone."  During  this  change,  they  are 
first  transformed  into  a  substance  which  has  the  characters  of  syntonin  {^Muhier)^ 
Syntonin  is  an  acid  albumin  or  albuminate;  when  neutralized  by  an  alkali  [^.f., 
sodium  carbonate],  the  albuminate  is  again  precipitated  (§  249,  III).  Fibrtu  or 
coagulated  proteids  first  becomes  clear  and  swollen  up. 

An  intermediate  product  is  then  formed,  a  body  which,  as  it  were,  stands  mid- 
way between  albumin  and  peptone.  This  is  called  propeptone  {^Schmidt  .Sful- 
heim)t  and  is  identical  unth  Kuhne's  hemialbumose.  It  is  soluble  in  water, 
acids,  salts,  and  alkalies.  The  solutions  are  not  precipitated  by  boiling  but  by 
acetic  acid  and  ferrocyanide  of  potassium,  by  acetic  acid  and  saturation  with  NaCl 
or  MgSO,.  It  is  precipitated  by  nitric  acid  and  adheres  firmly  to  the  walls  of  the 
reagent  glass  \  it  dissolves  in  nitric  acid  with  the  aid  of  heat,  giving  an  intense 
yellow  color,  and  is  again  precipitated  in  the  cold  (ii.  Sal/coufski). 

fiy  the  continued  action  of  the  gastric  juice,  the  propeptone  passes  into  a  true 
soluble  peptone.  The  unchanged  albumin  behaves  like  an  anhydride  with 
respect  to  the  peptone.  The  formation  of  peptone  is  due  to  the  taking  up  of  a 
molecule  of  water,  under  the  influence  of  the  hydrolytic  ferment  pepsin,  and  the 
action  takes  place  most  readily  at  the  temperature  of  the  body.  Gelatin  is  changed 
into  Zi  gelatin-peptone. 

Acrording  to  Kilhne,  the  proteid  tnnlccule  contains  two  substances  preformed ;  anti  albutpin 
and  hemi-albuniin.  Gastnc  juice  at  tim  convctu  them  into  antialbumojt  and  hemMlhumfltt^  and 
loUi  uUintaiely  iplo  anli-pcploiie  and  hcmi-peptone  {\  170,  II).  Only  the  latter  is  split  up  by  tryptin 
into  ieucin  and  tyrosm  [^Kiihnf  attJ  Chittendett). 

The  greater  the  amount  of  pepsin  (within  certain  limits)  the  more  rapidly  does 
the  solution  take  place.  The  pepsin  suHers  scarcely  any  change,  and  if  care  be 
taken  to  renew  the  hydrochloric  acid  so  as  to  keep  it  at  a  uniform  amount,  the 
pepsin  can  dissolve  new  quantities  of  albumin.  Still,  it  seems  that  some  pepsin  is 
used  up  in  the  process  of  digestion  {Griitzner),  Proteids  are  introduced  into  the 
stomach  either  m  a  solid  (coagulated )  or  fluid  condition.  Casein  alone  of  the  fluid 
forms  is  precipitated  or  coagulated,  and  afterward  dis.solved.  The  non  coagulated 
proteids  are  transformed  into  syntonin,  without  being  previously  coagulated,  and  are 
then  changed  into  propeptone  and  directly  |>eptonized,  /.c,  actually  dissolved. 

Heat  Disappears. — When  albumin  ts  digested  by  pepsin  at  the  temficraturc 
of  the  body,  a  not  inconsiderable  amount  ^  heat  disappears,  as  can  be  proved  by 
calorimelnc  experiment  {Afaly).  Hence,  the  temperature  of  the  ch)Tme  in  the 
stomach  falls  0^.2-0°. 6  C.  in  two  to  three  hours  (K  Vintschgau  and  Dietl). 

Coagulated  albumin  may  be  regarded  as  the  anhydride  of  the  fluid  form,  and 
the  latter  again  as  the  anhydride  of  [>eptone.  The  peptones,  therefore,  represent 
the  highest  degree  of  hydration  of  the  proteids. 

Hence,  peptones  may  be  formed  from  proteidt  by  those  reagents  which  usoally  caose  hydration, 
viz.,  treatment  with  fttruQ);  acids  (from  I'lbrin,  with  0.2  HCl — v.  Wittieh)^  caustic  alkalkei,  putrc&c- 
Hve,  and  various  other  ferments  and  ozone  {iiorup-Besann). 
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The  anhydride  proteid  has  been  prepared  from  the  hydraied  form.  Henniger 
and  Hofraeister,  by  btiiling  pure  peptone  with  dehydrating  substances  (anhydrous 
acetic  acid  at  80°  C.)»  have  succeeded  in  decomposing  it  into  a  body  resembling 
&yntonin. 

Properties  of  Peptones. — (i>  Theyare  completely  soluble  in  water,  (i)  They 
diffuse  very  easily  through  membranes  {Funki).  (3)  They  filter  quite  easily 
hrough  the  pores  of  animal  membranes  {Acker),  (4)  They  are  not predpitattd 
y  boiling,  nitric  acid,  acetic  acid  and   potassium  ferrocyanide,  acetic  acid  and 

curation  with  common  salt.  [51  They  diic  pnnpitaied  from  neutral  or  feebly 
acid  solutions  by  mercuric  chloride,  tannic  acid,  bile  acids,  and  phosphoro-wol- 
framic  acid  {Bfiicke).  (6)  With  Millon's  reagent  they  react  like  proteids,  and 
give  a  red  color,  and  with  nitric  acid  give  the  yellow  xanthoprotein  reaction.  (7^ 
"■"ilh  caustic  potash  or  soda  and  a  small  quantity  of  cupric  sulphate  [or  Fehling's 

luiion]  they  give  a  beautiful  purplish-rai  color  (Bmret  reaction;.  (8)  They 
rotate  the  plane  of  polarized  light  to  the  left. 


The  biuret  reaction  is  obtained  with  propeptune.  lu  well  as  wiih  a  form  of  albumin,  which  is 
formed  during:  artiGcial  digestion  and  is  Miluble  in  alcohul.     It  Is  called  Alkophyr  by  BrUcke. 

[Darby's  fluid  meat  gives  oil  the  above  reactions,  and  is  very  useful  for  studying  the  tests  for 

jnone*.] 

The  Rapidity  of  Solution  of  fibrin  is  tested  by  placing  filfrin,  which  is  swollen  up  by  the  action 
of  0.2  per  cent,  Hin,  in  a  filter,  and  adding  the  digestive  lluid,  obicrvin^  the  rapidity  wiih  which 
the  fluid,  ihc  altered  librin,  drops  fruin  ihc  lillcr,  and  the  hbrin  disappears  \Griinhfii^en).  Or 
the  fibrin  maj'  t>e  coluied  with  carmine,  swollen  up  in  o.i  per  cent.  HCl,  and  placed  in  (he 
digeslive  fluid.     The  more  rapidly  tlie  fluid  is  colored  red,  the  more  energetic  is  the  digestion 

Preparation. — Pore  peplooes  are  prepared  by  taking  fluid  which  conuins  them  and  neutral- 
■ring  U  with  barium  carbonate,  evBporatiog  upon  a  water  Uath,  and  fihering.  The  iurium  is 
rcmuTcd  (torn  the  fdtnuc  by  tlie  careful  addition  of  sulphuric  acid,  and  sut)scqucnt  lib  ration 
\fi->ppr  i>eyUr). 

Ptomames. —  Brieger  extracted  from  gastric  pcptor>es  by  amylic  alcohol  a  peptone-free  poison, 
itb  actions  hke  those  of  curara.     It  belongs  to  the  group  of //fmiimM,  j. /.,  alkaloids  obtaine4 
dead  bodies  or  decomposing  proteids. 


l^^ih 


Peptones  are  undoubtedly  those  modifications  of  albumin  or  proteids  which, 
after  their  absorption  from  the  intestinal  canal  into  the  blood,  arc  destined  to 
make  good  the  proteids  used  up  in  the  human  organism.  By  giving  peptones 
V instead  of  albumin)  as  food,  life  cannot  only  be  maintained,  but  there  may  even 
be  an  increase  of  the  body  weight  {Plosz  and  Ma/y,  Adamkiru'icz).  After  [or 
before]  being  absorbed  into  the  blood  stream,  peptones  are  re-transformedj  first 
iaco  pro[>eptonc,  and  then  into  serum  albumin  (§  192). 

Conditions  Affecting'  Gastric  Digestion.— The  presence  of  already- formed  peptones  inier- 

feres  wiih  the  actum  of  the  ga«4ric  juice,  in  mj  far  ai>  the  greater  concentration  uf  the  fluid  interferes 

ith  and  Uimts  ilie  mobility  of  the   fluid   panicles  {^IJoppe'Seyitr\.     Boiling  concentrated  acids, 

lum  and  unnic  acid,  alkalmiiy  of  the  gastric  juice  [e.  g.,  by  the  admixture  of  much  saliva),  abolish 

adiun,  also  hulphutous  and  arscniuu^  acids  and   putassic  iodide  {Fubini  and  tic-n).     The  salts 

the  heavy  mclaJs,  which  cau!»c  precipitates  with  pepsin,  peptuue  and  mucin,  interfere  with  gastric 

?estion,  and  so  do  concentrated  Mfluiiuns  of  alkaline  salts,  ci;niinon  salt,  magnesium  And  sodium 

rphalea.     A  small  tjuaiitity  of  NaCl  increases  the  secretion  [^Gr&tiner)  and  favors  the  action  of 

rpain  {  Wolher^),     Alcohol   precipitates  the  pepsin,  but  by  the  subse(|uent  addition  of  water  it  is 

bksolved,  so  that  digestion  goes  on  as  before.     Any  meaat  that  prevent  the  proteid  bodies  from 

relbng  up,  as  by  binding  them  6rmly,  impede  digestion.     Slightly  over  half  a  pint  uf  cold  water 

rs  not  seem   to  disturb  healthy  dif;cstion,  but  it  dues  so  m  cases  of  disease  of  the  stomach. 

tpious  draaghii  of  water  and  violent  muscular  exeicise  disturb  digestion ;  while  warm  clothing, 

:cially  uvcr  the  pit  uf  the  stonuch,  aids  it.     Menstruation  retards  gastric  digestion. 

[Artificial  Digestion. — The  action  of  gastric  juice  on  proteids  may  be 
ol^rved  outside  the  body,  and  we  tran  prove,  as  is  shown  in  the  following  table^ 
after  Rutherford,  that  pepsin  and  an  acid — e.g.y  hydrochloric,  along  with  water — 
arc  essential  to  the  formation  of  gastric  peploutis  ; — 
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Beaker  A. 

Beaker  a 

Beaker  a 

Wflier. 

Pepsin,  0.3  per  cent. 

Fibrin. 

Witer. 

HCU  0.2  per  cent. 

Fibrin, 

Water. 

Pepsin,  0.3  per  cent. 

Ha  0.2    " 

Fibrin. 

Keep  all  in  water  both  at  38**  C. 

1 

Unchanged. 

Fibrin   jivrclb  up,  becomes  clear, 

mil]  )*i  c)iange(l  into  acid  albu- 
min or  syntootn. 

Fibrin     alttmately     clunked 
into  pej^one. 

The  two  essential  substances  must  also  be  present  in  certain  proportions  and 
the  acid  must  be  present  to  a  certain  amount,  and  not  exceed  certain  limits.  The 
fibrin  is  obtained  by  beating  blood,  and  afterward  washing  and  boiling  it,  to 
destroy  any  traces  of  pepsin.  The  fibrin  may  be  colored  with  carmine,  and  from 
the  rapidity  with  which  the  fibrin  is  dissolved,  /'.  ^.,  the  depth  of  the  color  of  the 
fluid,  we  may  estimate  the  digestive  power  of  the  gastric  juice.  Similar  experi- 
ments may  be  made  with  unboiled  while  of  egg  mixed  with  nine  volumes  of 
water,  and  filtered  through  muslin.] 

[In  all  animals  gastric  digestion  is  essentially  an  acid  digestion,  and  between 
the  native  proteid,  fibrin,  albumin,  or  any  other  form  of  proteid,  and  the  end- 
product  peptone,  there  are  many  intermediate  substances  or  by-products,  whose 
properties  and  characters  have  still  to  be  investigated.  If  the  iwptones  be  decom- 
posed, small  quantititrs  of  leucin  and  tyrosin  are  produced.  W.  Roberts  obtamed 
a  l>itter  substance  during  gastric  digestion.] 

[Exclusion  of  the  Stomach. — Ogata  finds  thai  if  the  Btomach  !«  divided  at  the  pyloric  end  » 
as  to  exclude  the  stomacli  from  the  digc!>tive  ap[»aratu!:>,  a  dug  can  be  nouri&hcd  for  a  long  lime  by 
iatrtKtucing  food  through  the  pylorus  into  the  duodenum.  Kaw  llesh  so  introduced  is  d^citetj 
more  rapicily  in  the  small  inteMine  than  in  the  stomach.  The  .•unmach  not  only  digests  but  it  acts 
on  the  connective  tissue  of  Hesh  so  as  to  preixire  the  latter  for  intestinal  digesUoa.] 

II.  Action  on  other  Constituents  of  Food. — Milk  coagulates  when  it 
enters  the  stomach,  owing  to  the  precipitation  of  the  casein,  and  in  doing  so  it 
entangles  some  of  the  milk  globules.  During  the  process  of  coagulation,  heal  is 
given  off  {Mosso,  Ad.  Mayer),  The  free  hydrochloric  acid  of  the  gastric  juice  is 
Itself  sufficient  to  precipitate  it;  the  acid  removes  from  the  alkali  albuminate  or 
casein  the  alkali  which  keeps  it  in  solution.  Hammarsten  separated  a  special 
ferment  from  the  gastric  juice — quite  distinct  from  pepsin — the  milk-curdling 
ferment  which,  quite  independently  of  the  acid,  precipitates  the  casein  either  in 
neutral  or  alkaline  solutions.  It  is  this  ferment  or  rennet  which  us  used  to 
coagulate  casein  in  the  making  of  cheese.  [Rennet  is  an  infusion  of  the  fourth 
stomach  of  the  calf  in  brine  (§  231 ),  The  ferment  which  coagulates  milk  is  quite 
distinct  from  pepsin.  If  magnesic  carbonate  be  added  to  an  infusion  of  calfs 
stomach,  a  precipitate  is  obtained.  The  clear  fluid  has  strongly  coagulating  prop* 
erties,  while  the  precipitate  is  strongly  peptic] 

The  action  of  the  milk -curdling  ferment  is  perhaps  like  the  action  of  all  ferment*,  a  hydration  of 
casein  {Ad,  Mfyer\\  ii  is  greater  in  the  presence  of  0.3  IR'l  {SchnmbHr^'). 

One  part  of  the  rcnnci  ferment  can  precipitate  Soo.ooo  parts  of  casein.  When  casein  cot^ulalcs, 
two  new  proteids  seem  to  tic  formed — the  coaguUtcd  proteid  which  constitutes  cheese,  and  a  bc^ly 
resemtiliiig  peptone  dissolved  in  the  whey.  The  addition  of  calcium  clilonde  accelerated,  while 
water  retarded  the  coagulation  {//amfHijriim)-^KC  Miik,  \  231.  [.\  ferment  simdnr  to  rennet  i% 
contained  in  the  seeds  of   It'ttAania  cmif^u/ans  [S.  Lea)."] 

Casein  \t  tir^t  precipitated  in  the  stomach,  then  a  body  like  ^ntonin  it  forroed,  and  tinally  peptonr. 
During  the  process,  a  substance  containing  phosphorus  and  resembling  nuclein  appears  \LmkavtH). 


ACTION 
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There  is  a  **  lactic  acid  ferment  "  [Hatnmarsit'ti)  also  present,  which  changes 

milk  sugar  into  lactic-  acid.    Part  of  the  milk  sugar  is  changed  in  the  stomach  and 

intestine  into  grape  siijjar. 
^_^  Action  on  Carbohydrates, — Gastric  juice  does  not  act  as  a  solvent  of 
^^ffitrcA,  inuiin,  or  gums.  Cane  sugar  is  slowly  changed  into  grape  sugar  {Bouch- 
^^^rdat  ami  Samiras  {184^)^  Lchmann),  According  to  Uflfelmann,  the  gastric 
^H)Ducus,  and  according  to  Leube,  the  gastric  acids,  are  the  chief  agents  in  this 
^^iroccss. 

Albuminoids. — During  the  digestion  of  tnie  cartilage,  there  is  formed  a 

chondrin  peptone,  and  a  body  which  gives  the  sugar  reaction  with  Trommer's  test. 
Ij      Perfectly  pure  elastin  yields  an  elastin  peptone,  similar  to  albumin  peptone,  and 

hemi-elaslin  similar  to  hemi-albumose  {^Horbaczrtvski). 

I  Fats  formerly  were  stated  not  to  be  acted  on,  but  the  recent  researches  of  Cash 

and  Ogata  show  that  a  small  part  of  the  fats  is  broken  up  into  glycerine  and  fatty 
acids.  [On  neutral  olive  oil  being  injected  into  the  stomach  of  a  dog,  after  several 
hours — the  pylorus  being  plugged  with  an  elastic  bag — it  partly  slips  up  and  yields 
oleic  acid  (^Ogata),'\ 


fWe  nill  require  fanhcr  oliscrvaiions  on  the  gastric  digestion  of  fnts.  Richel  obsen-cH  in  his  case 
rif  tKtula  thai  fatty  niBtlcr&  remained  a  long  (icnc  in  the  stomach,  and  Ludwig  found  the  same  icsuU 
in  the  dog.  In  some  dysfKrpiics,  rancid  eructations  often  take  place  toward  the  end  uf  ^aMric 
tiige«ion.  W,  Robciis  suggests  that  there  may  be  some  slight  decomposilion  of  neutral  fats  and 
hL»cration  of  fatly  aci<ls.  In  this  connection,  it  is  imporant  to  remember  thai  fatty  acids  arc  Itbcr- 
■Icd  from  neutral  fats  by  bactcroid  ferments  )£ymophytes}.1 

III.  Action  of  Gastric  Juice  on  the  Various  Tissues, — (i)  The  gelatiti>ytelding  sub- 
stance (colla^eni  of  all  the  connective  tissues  [connective  tissue,  white  fibro  cartil^ige,  and  the  matrix 
of   bone),  as  well  as  glulin,  are  dissolved  and  ]iepionized  by  the  gastnc    juice  (  Uffelmann). 

f  Gelatin  when  acted  on  by  gastric  juice  no  Innger  Mjliditics  in  the  cold,  but  a  j^eiafin  ptptaut  is 
Lirmcd,  which  is  soluble  and  difrusil>le,  although  it  diiTers  from  true  peptone.]  In  the  dog,  con- 
nective lisiDCS  are  speriaUy  acted  on  in  the  stomach,  while  the  other  parts  nf  organs  used  a<;  food 
are  prcjiOjed  for  digcMion  in  the  small  inic><tine,  where  the  cellular  and  nacle.-ir  dements  are 
digested   by  the  pancreatic  juice   [Hikfahn),^     (2)  The  structureless  membranes  (mcmbranur 

firopriir)  of  (;tands,  aarcoleroma,  Schwann's  sheath  of  nerve  fibres,  capsule  of  the  lens,  the  elastic 
amiuit;  of  ihc  cornea,  the  menitirancs  of  fni  cells  are  diiisolved,  but  the  true  clastic  (fenestrated) 
membranes   and  fil>res  are  not  affectrd.     (3)  Striped  muscle,  after  solution  of  the  sarcojemros, 
hrralcs  up  Iraruveracly  into  disks,  and,  like  non-Mrifterl  muscle,  is  dtf^solvcd  and  forms  a  true  soluble 
(.teptone.  but  parts  of  tlie  muscle  always  pa&s  into  the  intestine.     (4)  The  a-lbuminous  coiu^ituenls 
€»f  ihe  M>ft  cellular  elements  of  glands,  stratified    e])itheiiam.  endothelium,  and   lymph  cells,  form 
pe|>tnnes,  Init  the  nuclein  of  the  nuclei  does  not  seem  to  he  dissolved.     (5)  The  homy  parts  of 
the  epidermis,  nails,  hair,  as  well  a^  chitiii,  silk,  cunchiulin,  and  spongin   of  the   lower  aiittnals 
re  indigesiible,  and  so  .ire  amyloid  sulfstance  and  wax.     (6)  The  red  blood  corpuscles  are  dis- 
dved.  the  h.-emoglobin  decomposed  into  harmatin  and  a  glcibulin-like  substance ;  the  lallcr  is  |)ep- 
mized.  while  the  former  remains  unchanged,  and  is  partly  absorbed  and  transformed  into  bile  pig- 
ment.   Fibrin  is  easdy  dissolved  to  form  propepione  and  tihrin  peptone.  (7)  Mucin,  which  is  also 
secreted  by  the  gublct  ccIU  of  the  stomach,  passes  through  the  intestines  unchanged.     ^8)  Vcge* 
table  fats  are  not  aOected  by  the  gastric  juice;  these  cells  yield  their  protoplasmic  contents  to  form 
pefitones,  while  the  cellulose  of  the  cell  wall,  in  the  cose  of  man  at  least,  remains  undigested 

Why  the  Stomach  does  not  digest  itself.— That  the  stomach  can  digest  living:  things  is 
iwn  by  the  following  facts  :  The  limb  of  a  living  frog  was  introduced  through  a  gastric  tistula 
iuio  the  ttomach  of  a  dog  (C7.  Bernard} — The  ear  of  a  rabbit  iPary)  was  also  imri>duced — and 
b<uh  were  partly  digested.  The  margins  uf  a  gastric  ulcer  and  of  ga.stnc  fistuln:  in  man  are  attacked 
by  the  gastric  juice.  John  Huntei  \^^^7)  discussed  the  (juestion  as  to  why  the  stomach  does  not 
(Ji^cu  Itself.  Not  unfreiiucntly  after  death  the  posterior  wall  uf  the  stomach  is  found  digested  [more 
C5pctiaJly  if  tlie  pcr>on  die  after  a  full  meal  anil  the  boily  lie  kc[<  in  a  warm  place,  whereby  the 
contents  of  the  stomach  may  escape  into  the  peritoneum.  CI.  Bernnrd  showed,  that  if  a  rabl)it  be 
hilled  lutd  placed  in  an  oven  at  the  temjxralure  of  the  body,  the  walls  of  the  stomach  are  attacked 
by  lis  own  gastric  juice.  Fishes  are  also  freuueutly  found  with  their  slutnach  partially  digested 
after  deoth].  It  would  seem,  therefore,  that  so  long  as  the  circulation  conlmues.the  tissues  are  pro- 
leiricd  from  the  action  of  the  acid  by  the  aikalinf  blood ;  ibis  action  cannot  take  place  if  the  reac- 
lw>n  \x  alltolinc  (/Vtt).  Ligature  of  the  arteries  of  the  stomach,  according  to  Pavy,  causes  digcs* 
"  re  softening  of  the  gastric  mucous  membrane.  The  thick  layer  of  mucus  may  also  aid  in  pnXect- 
1;  ihc  siomach  from  the  action  of  its  own  gastric  juice  (Ci.  Bernard). 
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167.  GASES  IN  THE  STOMACH.— The  stomach  always  coniaiiis  a 
certain  quantiiy  of  gases,  which  are  derived  partly  from  the  gases  swallowed  with 
Ihe  saliva,  partly  from  gases  which  pass  backward  from  the  duodenum,  and  partly 
from  air  swallowed  directly. 

If  the  larynx  and  hyoid  bone  (^  15S)  are  suddenly  and  forcibly  ntsed  upward  and  forward.  Ihcre 
passes  into  ibc  space  behind  the  larynx  a  considerable  amount  of  air.  which  on  the  latter  Fegaintw 
lis  (Hisnion,  is  swallowed,  owing  10  the  pehstal<U9  of  the  OMophagus.  \Vc  can  feci  ihepasuRcof  men 
a  mass  of  air  as  it  passes  along  ibe  cesophagus.  lu  this  way  a  cotuidcrable  volume  of  air  may  be 
swallowed. 

The  air  in  the  stomach  is  constantly  undergoing  changes,  whereby  its  O  is 
absorbed  by  the  blood,  and  for  i  vol.  of  0  absorbed  a  vols,  of  CO,  arc  returned 
to  the  stomach  from  the  blood.  Hence,  the  amount  of  O  in  the  stomach  is  very 
small,  the  CO,  very  considerable  {P/aaer). 

Q«S€B  in  the  Stomach. — Vol.  per  cent.  {P/aner). 
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By  the  acid  of  the  stomach  a  part  of  the  CO,  is  set  free  from  the  saliva,  which 
contains  much  CO,  (§  146).     The  N  acts  as  an  indifferent  substance. 

Abnormal  development  of  gases  in  persons  suffering  from  gastric  catarrh,  ctnly  occurs  when 
ihc  gsslnc  cnntcnls  arc  ueuirijl  \n  reaction;  during  the  butyric  add  fcmientation  H  and  CD,  are 
[oitned,  while  the  acetic  acid  and  lactic  acid  ferine ntations  do  not  cause  the  formatitjn  of  gases. 
Mar^h  gns  I  CM  J I  has  also  been  found,  but  it  must  come  from  the  intestine,  as  it  can  only  be  formed 
when  tu)  ()  i\  prtsenl  (jS  i8.;). 

168.  STRUCTURE  OF    THE    PANCREAS,— The  pancreas  is  built 
on  the  type  of  compound  tubular  or  atnno  tubular  glands,  and  in  its  general 
arrangement   into  lobes,  lobules  and  system  of  ducts  and 
arini.  it   corresponds  exactly  to  the  true  salivary  glands. 
The  epithelium  lining  the  ducts  is  not  at  all,  or  only  faintly, 
striated.     The  acini  are  tubular  or  flask-shaped,  and  often 
convoluted.      I'hey  consist  of  a  membrana  propria,  resem- 
bling that  of  the  salivary  glands,  lined  by  a  single  layer  of 
nmewhat  cylindrical  cells,  with  a  more  or  less  conical  apex 
iiecled  toward  the  very  narrow  lumen  of  the  acini.     [As 
in  the  salivary  glands,  there   is   a   naaow  intermediary 
part  of  the  ducts  opening  into  the  acini,  and  liucii  by  flat- 
tened epithelium.]    The  cells  lining  the  acini  consist  of  fwo 
zones  (Fig.  176)  :  — 

(I)  The  smaller  parietal  layer  (outer^  is  transparent, 
homogeneous,  sometimes  faintly  striated,  and  readily  stained 
with  carmine  and  logwood  ;  and  (2)  the  inner  layer 
{^BernariV s  granular  layer)  is  strongly  granular,  and  stains 
but  slightly  with  carmine  (Fig.  176).  It  undoubtedly  contributes  to  the  secretion 
by  giving  off  material,  the  granules  being  dissolved,  and  this  zone  becoming 
smaller  {/ftii/enhain).  The  spherical  nucleus  lies  between  the  two  zones.  [The 
Uimen  of  the  acini  is  very  small,  and  .spindle-shaped  or  branched  cells  (centre- 
acinar  cells)  lie  in  it,  and  send  their  processes  between  the  secretory  cells,  thus 
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•tmg  as  Tupfior/irt^  te//s  for  the  elements  of  the  wall  of  the  acini  {LangfrhanSj 
*cf*/w{S('/zfy).'\  During  secretion  there  is  a  continuous  change  in  the  appearance 
of  the  cell  substance ;  the  granules  of  the  inner  zone  dissolve  in  the  secretion  ; 
the  homogeneous  substance  of  the  outer  zone  is  reversed  and  transformed  into 
granules,  which  pass  toward  the  inner  zone  {Heidenhain^  Kiikn€  and  Led), 

Changes  in  the  Cells  during  Digestion, ^During  \\\^firit  stage  (6  to  lo  hours)  the  granular 

^iner  zone  dimtniRhcs  in  size,  the  granules  di&a])|>ear,  white  ihc  striated  outer  zone  increosex  in  %\iit 
J"^  177.  2).  In  the  steond  staee  (10  to  20  hours)  the  inner  zone  is  greatly  enlarged  and  gnuiulAT, 
while  the  outer  zone  is  small  ( Kig.  177,  3).  During  hunger  the  outer  zone  again  enlarges  (Fig. 
177.  I ).  In  a  gland  where  paralytic  secretion  take<  place,  the  gland  is  much  diminished  in  ^iize, 
the  cells  are  shriveled  (Fig.  177,  4)  and  greatly  changed  \Heidenhain).  According  to  Ogata, 
some  Cells  actually  disappear  during  srcreiion. 

Duct. — ^The  axially-placed  excretory  duct  consists  of  an  inner  thick  and  an  outer  loose  wall  of 
connective  and  elastic  tissues,  lined  hv  a  single  layer  of  iton.strialed  columnar  epithelium.  Small 
lucoua  glands  lie  in  the  largest  trunks.  The  (-owjva'/iiy /mjv/ separates  the  gland  into  lubes  and 
itmJes.  Non  meduilalcd  nervity  with  gangiia  in  their  course,  pass  to  the  acini,  bul  their  mode  of 
itnation  is  unknown.  'Wi^  blood  vmeh  Knni\  a  rich  capillary  plexus  round  some  acini,  while 
round  others  there  are  very  few.  Kilhne  and  Lea  found  jjeculiar  small  cells  in  groups  between  the 
aJveoU,  and  supplied  with  convoluted  capillaries  like  glumeruli.  Their  signiBcance  is  entirely 
unknown.  [They  are  probably  lymphatic  in  their  nature.]  The  lymphatics  resemble  those  of  the 
salivary  glands.  Tbc  pancreas  contains  water,  proteids,  fermenis,  fats  and  salts.  When  a  colored 
injeciiim  is  forced  into  the  ducts  under  a  high  pressure,  fine  inlcrccllular  passages  between  the 
secreting  cells  are  formed  { SafioUPs  camals),  hut  they  arc  artificiitl  products. 

[In  making  cupcrimencs  upon  the  pancreotx  secretion,  it  is  important  to  remember  thai  the  num- 
ber of  paocreatic  ducts  varies  in  difTerent  BJiimols.    In  man  there  is  just  one  duct  opening  aloog 

Flo.  177. 
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,  During  hunger ;  3,  In  the  Am  tuge  of  dlg«*tmn ;  3 


rith  the  common  bile  duct  at  Valer's  ampulla,  at  (he  junction  of  the  middle  and  lower  third  of  the 
luodcnum.     The  rabbit  has  two  ducts,  the  Lirger  ojicning  separately  almut  14  inches  (30  tn  35  era.) 

:low  the  entrance  of  the  bile  duct.     The  dog  and  cat  have  each  two  ducts  opening  separately.] 

Chemistry  — The  frah  pancreas  contains  water,  proteids,  the  ferments,  fats  and  salts.  In  a 
[land  which  has  been  i x posed  iax  some  time,  Irucin,  i^olcudn  {^Ntnrbi'),  butalin,  t)rrosin,  often 

inthin  and  guanin  are  found :  lactic  and  fatly  acids  seem  to  be  formed  from  chemical  decomposi- 

>as  taking  place. 

tfig.  THE  PANCREATIC  JUICE.— Method  of  obtaining  the   pancreatic  juice.     Regner 
Oraaf  { 1664^  tied  a  cannula  in  the  pancreatic  <lnct  of  a  dc^,  and  collected  the  juice  in  a  small 
iced  in  the  altdoroen.     (.Ither  experimenters  )>rought  the  lube  through  the  abdomiual  wall, 
ide  a  temporary  fistula,  which  after  some  days  became  inlLimcd,  so  that  the  cannula  fell 
It.    To  make  a  permanent  fistula,  a  duodenal  fistula  (like  a  gastnc  6stula)  is  made,  and  Wir- 
ing's duct  is  caiheieri/cd  wiih  a  fine  tube ;  or  ihc  aMonncn  is  opened  (dogf,  and  the  pancreatic 
iliict  is  pulled  forward  and  stitched  to  the  alxlominal  wait,  with  which,  in  certain  casc^,  it  unites, 
llcidcnliain  cuts  out  Ihc  part  uf  the  duodenum  where  the  duct  opens  into  it,  from  its  cuntinuity  with 
,4iie  inicbitne,  and  tixes  it  <')n  the  outside  the  abdominal  wound. 

Variations  in  Secretion. — The  secretion  obtained  from  a  permanent  fistula 

a  copious,  slightly  active,  watery  secretion,  containing  much  sodium  carbonate; 

'hile  the  thick  fluid  obtained  from  the  fistula  before  inflammation  sets  in  acts  far 

more  energetically.     This  thick  secretion,  which  is  small  in  amount,  is  the  normal 

scrretion.     The  copious  watery  secretion  is  perhaps  caused  by  the  increased  trans- 

idation  from  the  dilated  blood  vessels  (possibly,  in  consequence  of  the  paralysis 

)f  the  vasomotor  nerves).     It  is,  therefore,  in  a  certain  sense,  a  •*  paralytic  secre- 

ra  "  (S  145)*     The  quantity  varies   much,  according  as  the  fluid  is  thick  or 
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thin.  During  digestion,  a  large  dog  secretes  i  to  1.5  grammes  of  a  thick  secrt- 
tion  {CI.  Bernard).  Bidder  and  Schmidt  obtained  in  twenty-four  hours  35  to  117 
grammes  of  a  watery  secretion  per  kilo,  of  a  dog. 

When  the  gland  is  not  secreting,  and  is  at  rest,  it  is  soft  and  of  a  pale  yellowish- 
red  color,  but  during  secretion  it  is  red  and  turgid  with  blood,  owing  to  the  dila- 
tation of  the  blood  vessels. 

The  normal  secretion  is  transparent,  colorless,  odorless,  saltish  to  the  taste, 
and  has  a  strong  alkalifie  reaction,  owing  to  the  presence  of  sodium  carbonate, 
so  that  when  an  acid  is  added,  CO^  is  given  off.  It  contains  albumin  and  alkali 
albuminate ;  like  thin  white  of  egg,  it  is  sticky,  somewhat  viscid,  flows  with  diffi- 
culty, and  is  coagulated  by  heat  into  a  white  mass.  In  the  cold,  there  separates 
a  jelly-like  albuminous  coagulum.  Nitric,  hydrochloric  and  sulphuric  acids  catise 
a  precipitate,  while  the  precipitate  caused  by  alcohol  is  rcdissolved  by  water.  CI. 
Bernard  found  in  the  jKincreatic  juiceof  a  dog  8.2  percent,  of  organic  substances, 
and  0.8  p.-r  cent,  of  ash.  The  juice  (.dog)  analyzed  by  Carl  Schmidt  contained  In 
1 000  parts  :^ 


Solids.  90.3S  in 
1000  ports, 


Organic 81.84 

luufKtmic 8.54 

(like  those  of  blood 
serum). 


Sodk  Ckhride 7.36 

"      PhoAiihaie 0u45 

**      Sulphate 0.I0 

Soda 0.52 

l.ime a.*a 

Magneua, O.05 

Polossk  Sulphate 0.02 

Ferric  Oxide 0.02 


The  more  rapid  and  more  profuse  the  secretion,  the  poorer  it  is  in  organic  snl»l<ncc4  I  Weinmann, 
Bernstfin),  while  the  inorganic  remain  almc:«t  the  same;  nevertheless,  the  total  tfuanlity  of  solids 
is  ^ealer  thau  when  the  quantity  secreted  is  small  [Bemii<in].  Traces  of  leucin  {^Kaifvitjnviki) 
and  Ma|»  are  contained  in  the  fresh  juice.  [  It  usually  contains  few  or  no  structural  elements.  Aajr 
rtructural  elements  present  in  the  fresh  juice,  as  well  as  its  protcids,  arc  digested  by  ihc  pcjitone- 
fonnin^  fcnneni  of  the  juice,  especially  if  the  juice  be  kept  for  some  lime.  If  the  fre^h  juice  W 
allowed  to  aand  for  some  lime,  and  then  mixed  with  chlorine  water,  a  red  color  is  obtained.  1 

Concretions  are  rarely  fonned  in  the  pancreatic  ducu ;  they  usually  consist  of  calcic  cattxinate. 
l>cstrosc  has  been  found  in  the  Juice  in  diabetes,  and  urea  in  jaundice. 

The  statement  made  by  SchilT,  that  the  pancreas  secretes  only  alter  the  atnoqxion  of  dextrin,  has 
not  been  confirmed.  The  secrctor}' activity  of  the  pancreas  is  nut  dependent  on  the  presence  of 
the  spleen. 

170.  DIGESTIVE  ACTION  OF  THE  PANCREATIC  JUICE.— 

The  firescnce  of  at  least /(^wr  hydrolylic  ferments  or  cn/ymes  makes  ihe  pancreatic 
juice  one  of  the  most  important  digestive  fluids  in  the  body. 

1.  The  Diastatic  Action  {.  VaUntin^  1H44)  is  caused  by  a  dtastatic  ferment, 
amylopsin,  a  substance  which  seems  to  be  identical  with  the  saliva  ferment ;  but 
it  acts  much  more  energetically  than  the  ptyalin  of  saliva,  on  rt/a/ starch  as  well 
as  upon  lx)iled  starch ;  at  the  temperature  of  the  body  the  change  is  effected 
almost  at  once,  while  it  takes  place  more  slowly  at  a  low  temperature.  Glycogen 
is  changed  into  dextrin  and  grape  sugar,  and  achroodextrin  {^Briicke  s)  into  sugar. 
Even  cellulose  is  said  to  be  dissolved  {Schmuiewiisch)^  and  gum  changed  into 
sugar  by  it  (r.  Vbifit  but  inulin  remains  unchanged. 

According  to  v.  Mcring  and  Musculus,  the  starch  (as  in  the  case  of  the  saliva,  {  148)  is  changed 
into  maltose,  a  reducing  dextrin,  and  grape  sugar;  so,  also,  is  glycogen.  Amy1o[>sin  change 
achinodextnn  into  maltose;  at  40*^  C.  maltose  is  slowly  changed  into  dextrose  {Brmvm  amd  ///rtm), 
but  cane  bu;;ar  iii  not  chaitged  into  invertin. 

The  ferni^ni  is  precipitated  by  alcohol,  while  it  i*  extracted  by  glycerine  wnhoul  undergoing  anj 
essential  change.  AH  conditions  which  destroy  the  diaatstic  action  of  saliva  {%  14S)  similarly  atEea 
its  action,  but  the  admixture  with  acid  gastric  juice  (its  acid  being  neulralixed)  or  bile  does  not  seem 
lu  have  any  injurious  inHuence.  This  ferment  Is  absent  from  ibe  pancreas  of  new-born  children 
{^JCoroTvin). 

Preparation. — The  ferment  is  isolated  by  the  same  methods  as  ubtain  fur  the  saliva  ptyalin 
({148^  but  the  tryptic  ferment  is  precipitated  ai  the  same  time.  The  addition  of  neutral  salts  (4 
|>er  cent,  solution),  cg.^  potassium  nitrate,  common  salt,  ammonium  chloride,  increases  (he  diastatic 
action. 
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The  Tryptic  Action  (67.  Brrnanf,  /Sjj),  or  the  action  on  protcids, 
depends  upon  the  presence  of  a  hytlrolytic  ferment  which  Corvisart  (1858)  called 
pancreatin,  and  W.  Kiihne  (1876)  termed  trypsin.  Trypsin  acts  upon  proteids 
at  the  tcmperalnre  of  the  body,  when  the  reaction  is  alkaline,  and  changes  them 
first  into  a  globulin-like  substance  (semm  globulin,  §249,y.  G.  Oti)%  then  into 
proi>eptone,  and,  lastly,  into  a  truf  peptone^  sometimes  called  tryptone.  The 
proteids  do  not  swell  up  twfore  they  are  changed  into  peptone  [but  they  are 
eroded  or  eaten  away  by  the  action  of  the  juice].  When  the  proteid  has  been 
previously  swollen  up  by  the  action  of  an  acid,  or  when  the  reaction  of  the  medium 
acid,  the  transformation  is  interfered  with, 

SabttAnces yielding  gelatin,  nuclein  {Bokiiy\  and  lib  mist  trypsin;  glutinand  snollen-uppelatio- 
yielding  substances  arc  changed  Into  gelatin  peptone,  bai  tbe  latter  undergoes  no  further  change. 
O-Hb  is  split  up  into  altHimin  and  ha^mochroinoi^en.  In  other  respects,  trypsin  acts  on  tissues  con- 
taining alhuniins  just  liVe  pepsin  (J  167,  III)  [lf»f-pe-Sfylfr). 

Preparation. — Trypsin  is  never  absent  from  the  pancreas  of  newborn  children  {Zwei/fl'-,  and  it 
may  be  exiractetl  by  water,  vvhich,  however,  also  dissolves  the  albumin.  KGhnc  bos  carefully  sepa- 
rated the  albumin  and  ob(.iined  the  femient  in  a  pure  folate.  It  t<^  soluble  in  water,  insoluble  in 
alcohol.  Pepsin  and  hydrochloric  add  together  act  upon  trypsin  and  destroy  it ;  hence  it  is  not 
advt»ble  to  administer  trypsin  by  the  moiiih,  as  it  would  be  destroyed  in  the  stomach  {Kiuaiif, 
Af'ty$).     Wlien  dried  it  may  be  heated  to  160®  without  Injury  {Saikoioski). 

Origin  of  Trypsin.— It  is  formed  within  the  pancreas,  from  a  "  mother  sub- 
siani€''  or  zymogen  i/feUeMkain),  y.'\\\c\\  XakcA  up  oxygen.  The  zymogen  is 
found  in  small  amount,  six  to  ten  hours  after  a  meal,  in  the  inner  zone  of  the  se- 
cretory cells,  but  after  sixteen  hours  it  is  very  abundant  in  the  inner  zone  of  the 
cells.  It  is  soluble  in  water  and  glycerine.  Trypsin  is  formed  in  the  watery  solu- 
tion from  the  zymogen,  and  the  same  result  occurs  when  the  pancreas  is  chopped 
up  and  treated  with  strong  alcohol  {W.  Kiihne).  The  addition  of  sodium  chlo- 
ride, carlwnate,  and  glycocholate,  favors  the  activity  of  the  tryptic  ferment  (Nei- 
i/enhain).  [The  following;  facts  show  that  zymogen  ['^ofiTf,  ferment),  or,  as  it  has 
been  called,  trypsinogen,  is  the  precursor  of  trypsin,  that  it  exists  in  the  gland 
cells,  and  requires  to  be  acted  upon  before  trypsin  is  formed.  If  a  glycerine  ex- 
tract be  made  of  a  pancreas  taken  from  an  animal  just  killed,  and  if  another  extract 
be  made  from  a  pancreas  which  has  been  kept  for  twenty-four  hours,  it  will  be 
I'uund  that  an  alkaline  solution  of  the  former  has  practically  no  effect  on  fibrin, 
while  the  latter  is  fK)werfully  proteolytic.  If  a  fresh  and  still  warm  ]>anorea-S  be 
rultbed  up  with  an  equal  volume  of  a  i  |>er  cent,  solution  of  acetic  acid,  and  then 
fiitracted  with  glycerine,  a  powerfully  proteolytic  extract  is  at  once  obtained. 
Tryi^sin  is  formed  from  zymogen  by  the  action  of  acetic  acid  {Heidenhain). 
There  is  rexson  to  believe  that  try|>sin  is  formed  from  zymogen  by  oxidation, 
and  that  the  former  loses  its  proteolytic  power  after  removal  of  its  oxygen. 
The  amount  of  zymogen  present  in  the  gland  cells  seems  to  depend  upon 
the  number  and  size  of  the  granules  present  in  the  inner  granular  zone  of  the 
secretory  cells.] 

Disturbing  Conditions. — The  addition  of  NaCI.  sodic  glycocholate.  and  carbonate,  increases 
tbe  activity  of  the  ferment  (firidcnh.nn).  while  MgS<)^  diminishes  it  {Pftiffer). 
a.    [i"  (l*^*  pdisoned  with  CO,  the  trypsin  nn  longer  has  any  action  on  nffjumin  and  fibrin.  An  infn- 
>n  uf  (lie  CO-jHtncreas  becomes  active  when  oxygen  is  driven  through  it  (//rrsm).     Poisoning 
'Kh  CO,,  however. does  not  affect  the  irypiic  activity.] 

Further  Effects. — When  the  trypsin  is  allowed  to  act  upon  the  peptone 
fonned  by  its  own  action,  the  peptone  is  partly  changed  into  the  amido  acid.  Uu- 
rrfl.  or  amido- capraic  a^iJ  {C^xi^Oy,  and  tyrosin  (CoHnNO,),  which  belongs  to 
the  aromatic  series  ( A'wAwf,  §  252,  IV,  3).  Hypoxanlhin,  xanthin  (Sa/omon),  and 
asparaginic  oramido-sticcinic  acid  (C^HtNOj),  are  also  formed  during  the  diges- 
tion of  fibrin  and  gluten^  and  so  are  glutaminic  acid  (CjHjNOi),  amido-valerianic 
and  (CsHiiNOi).  Gelatin  is  first  changed  into  a  gelatin  peptone,  and  afterward  is 
decum{}osed  '\x\\o  giycin  and  ammonia. 
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Putrefactive  Phenomena. — If  the  action  of  the  pancreatic  juice  be  still  fuf* 
thcr  prolonged,  especially  if  the  reaction  be  alkaline,  a  body  with  a  strong,  4Tink> 
iny.  disagreeable  faecal  odor,  iW/'/ (CJItN),  volatile  fatty  acids,  j^/i/w/ (C\H,N), 
and  phfnoi  (CoH.O)  and  a  substance  which  becomes  red  on  the  addition  nf  chlo- 
rine or  Ijromine  water  {Bernard)  are  formed,  while,  at  the  same  time.  H,  COj, 
HyS,  CH|,  and  N  are  given  off.  The  formation  of  indol  and  the  other  substances 
just  mentioned  depends  upon  putrefaction  (§  184,  III).  Their  formation  is  pre- 
vented by  the  addition  of  calomel,  salicylic  acid,  or  thymol,  which  kills  the  organ- 
isms  upon  which  putrefaction  depends  (Hufner.  Ktihne). 

[Artificial  Digestion. — If  some  fibrin  be  placed  in  pancreatic  jnice,  or  in  a  1 
per  cent,  solution  of  sodium  carbonate  containing  the  ferment  trypsin,  peptones 
are  rapidly  formed.  When  we  compare  gastric  with  pancreatic  digestion, 
we  find  that  there  are  marked  differences.  The  fibrin  in  pancreatic  digestion  is 
eroded,  or  eaten  away,  and  never  swells  up.  The  process  takes  place  in  an  aUa- 
line  medium,  and  never  in  an  acid  one.  In  fact,  a  i  per  cent,  solution  of  sodic 
carbonate  seems  to  play  the  same  part  in  assisting  trypsin  that  a  .2  per  cent,  solu- 
tion of  HCl  does  for  pepsin  in  gastric  digestion.  In  gastric  digestion  acid  albu- 
min or  synionin  is  formed  in  addition  to  the  true  peptones.  In  pancreatic  diges- 
tion a  body  resembling  alkali  albumin,  which  pas.ses  into  a  globulin-like  body,  and 
ultimately  into  a  tryptic  peptone  or  tryptone  is  formed.  Of  the  peptones  » 
formed,  one  is  called  antipeptoncy  and  it  is  not  further  changed,  but  part  of  the 
proteid  is  changed  in  a  by-product,  hemipeptone.  This  body,  when  acted  upon, 
yields  leucin  and  tyrosin.  When  putrefaction  takes  place,  the  bodies  above  men- 
tioned are  also  formed.  We  might  represent  the  action  of  trypsin  thus  :  Proteid 
+  trypsin  +  i  per  cent,  sodium  carlwnate,  kept  at  38*  C.  ^  formation  of  a 
globulin-like  body,  and  then  antii>eplone  and  hemipeptone  are  formed. 
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It  seems  that  trypsin  in  pure  water  can  act  slowly  upon  fibrin  to  produce  pep- 
tone.    Pepsin  cannot  do  this  without  the  aid  of  an  acid.] 

When  proteids  are  bnited  for  a  lon^  tim*  with  dilute  11  jSOj,  we  obiain  pqxone,  iben  lencin  ami 
tymiin  {Kfikne);  gelatin  yields  ^/I'rm.  Hypoxanlltin  and  xanthin  are  obtained  in  the  same  ray 
by  similarly  bolliag  tibrin,  and  the  former  may  even  be  obtained  by  boiling  hbrin  with  water  (C4tr- 
Unden ). 

Papain. — It  is  very  remarkable  that  the  juice  of  the  green  fruit  of  the  papaya  tree  (  CaHcm  papayn) 
posses^ei  di!i:estive  properties  {lioy,  UHltrnttck),  and  ibc  action  is  due  to  an  olbuuuftous  peptonUing 
ferment,  closely  related  to  trypirin,  and  called  cariein  or  papain.  [It  fiirms  a  true  pepione,  an  inter- 
mediaie  body,  leucin  and  lyrosin.  It  aUo  contains  a  milk- coagulating  fermenl  \Martim).\  The 
milky  juice  of  the  Rg  tree  has  a  similar  action. 

Accordint;  to  Gnrup-Iiesanez,  sprouting  m.ilt,  vetch,  hop,  hemp  during  sprouting,  and  the  recep- 
tacle of  the  artichoke,  contain  a  pe|itonizin<;  ferment. 

Leucin,  tyrosin.  glutaminic  and  a.4paTaginic  acids,  and  xanthin  are  fonned  in  the  ce^ds  of  tome 
plants;  hence  wc  may  assume  thai  the  processes  nf  decomposition  in  some  seeds  an;  closely  altied 
10  the  femienlative  actions  that  occur  in  the  intestine  {Salomon)^ 

III.  The  action  on  neutral  fats  is  twofold:  (i)  It  acts  upon  fats  so  as  to 
(oTTCi  A^nr  permjnent  emulsicn  {Ml>erlf).  (2)  It  causes  neutral  fats  to  take  up  a 
molecule  of  water  and  split  into  glycerine  and  their  corresponding  fatty  acids: — 

Triiteariit  Wmct.  fflyccrinc.  SKarit  Actd. 
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The  latter  result  is  due  to  the  artinn  of  an  easily  decomposable  fai-sp/iniu^ /ff- 
m^ni  i  O.  Bfrnarti)^^\<^  rallfd  steapsin.  Lecithin  is  decomposed  by  it  into 
glycero-phosphoric  acid,  neurin  and  fatty  acids  {Bokay).  After  the  decomposi- 
tion is  completed,  the  fatty  acids  are  partly  saponififdhy  the  alkali  of  the  pancre- 
atic and  intestinal  juices  <ind  partly  emiilsionized  by  the  alkaline  intestinal  juice 
{/.  Munk).    Both  the  soaps  and  emulsions  arc  capable  of  being  absorlied  (§  191). 

BmuUtfication. — The  roost  important  change  effected  on  &ts  in  the  small  intestine  U  the  pro- 
duction of  an  crauUinn.or  their  suWivi^ion  into  exceetiinely  minnte  particle?  (?  191 ).  Thi*  is  neces- 
sary in  order  iKst  the  fats  m.ty  he  token  up  by  the  lactcaln.  If  the  fa:  10  be  emulsified  contains  a  free 
&tty  acid,  1.  /-..  if  it  be  aligbtly  rancid,  and  if  the  Ouid  with  which  it  i^  mixe<l  be  nlkaline.  fmuUifica< 
lion  takes  place  cxliemely  rapidly  {BruekeY  A  drop  of  cod-liver  oil,  which  in  its  unpurified  condi- 
itou  alwavF  contains  fatty  acias,  an  bein^  placcl  in  a  drop  of  o.  ^  per  cent.  Milution  of  kmIa.  instantly 
^c»  ri*e  to  an  emuUion  (  Gad\.  The  cxcesiively  minuic  oil  globules  that  compose  the  emulsion 
•re  Rr«  oritered  with  a  layer  of  soap,  which  soon  dissolves,  and  in  the  proceu  small  globules  are 
dctmche<l  from  the  original  oil  f;lahules.  Tlie  fresh  surface  is  af^in  covered  by  a  soap  fJm.  and  the 
process  is  rcpeaic*!  over  and  over  a^in  until  an  excessively  fine  emulsion  is  obtained  ( G.  Quincke). 
If  th*  fat  contain  much  faity  acid  and  the  solution  of  soda  be  more  concentrated,  "  myelin  formi" 
arc  r.t.tained  similar  lo  those  which  arc  formed  when  fresh  nerve  fibres  arc  leased  in  water  {Briifkf). 

^^^nimal  oils  emuUiouizc  more  readily  than  vegetable  oils;  castor  oil  does  not  emuUionize  {Gad). 

^^P  [  It  is  extremely  difficult  to  obtain  a  perfectly  neutral   oil,  as  most  oils  contain  ft  trace  of  a  fatty 

^HtCid.      In  fact,  if,  on  adding  a  weak  -toluiion  of  sodic  CArbonale  to  oil  or  fatty  matters,  fluid  at  the 
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Crtnpcraiure  of  the  body,  an  emulsion  is  obtained,  one  may  Iw  sure  that  the  oil  contained  a  fatty 
•cid.  so  that  Bernard's  view  aliout  an  "  emulsive  ferment  "  being  neceasar}*  is  not  endorsed.  The 
fatty  aail  wt  free  by  the  fat-splitting  ferment  enables  the  alkaline  pancreatic  juice  at  once  lo  produce 
an  rmulsiiin.] 

Fat-Splitting  Ferment. — This  is  a  ver>'  unstable  body,  and  must  be  prcpard  from  the  perfectly 
fresh  gUnd  by  rubbing  it  up  with  powdered  glass,  glycerine,  and  a  I  per  cent,  solution  of  sodic  car- 
iMinaie.ond  allowing  it  to  stand  for  a  dny  or  two  [G'-^nner).  [This  ferment  is  snid  to  cause  an 
emnl-'ion  of  oil  and  mucilage  tinged  blue  with  litmus  at  40°  C.  to  become  red  (Gam^f^).  In  per- 
fonniug  this  exi>ennicnt  notice  that  ths  mucilage  it  perfectly  neutral,  as  gum  orabic  is  frequently 

■     Jl 

[Pancreatic  Extracts. — The  action  of  the  fMncreoK  may  be  tested  by  making  a  watery  extract 
of  a  perfectly  fresh  gland.  Such  an  extract  always  acta  upon  starch  and  generally  upon  his,  but 
(bis  extract  anrl  also  the  glycerine  extract  vary  in  iheir  action  upon  proteids  at  difl'erent  limes.  If 
the  extract — watery  or  glycerine — he  made  from  the  pancreas  of  a  fasting  animal,  the  tryptic  action 
■s  alight  or  abaent,  but  is  active  if  it  l>e  prepared  from  a  gland  4  lo  10  hours  after  a  meal.  The 
pancreatic  prrpsrations  of  llenger.  of  Manchester,  Savory  and  Moore,  or  Burroughs  and  Welcome, 
all  pr>s.%c^i  active  diastatic  and  proteolytic  properties.] 

[Pancreas  Salt.^Prosserjames  proposes  to  employ  common  salt  mixed  with  pepsin,  which  he 
calls  peptic  salt :  and  he  advocates  the  use  of  another  preparation  composed  of  the  pancreatic  fer- 
ments and  common  salt,  [lancreatic  «i!t.] 

The  pancreas  of  new-born  children  contains  trypsin  and  the  fat -decomposing  fcrmeni,  but  not 
the  diastaiic  one  sZufifel).  A  slight  diastatic  action  U  obtained  after  two  months,  but  the  full  etfect 
is  not  obtained  until  after  the  first  year  { A'(ir*JW'/« ) . 

IV.  According  lo  Kuhne  and  VV.  RoI>erts,  the  pancreas  contains  a  milk-curd- 
ling fertnent,  which  may  be  extracted  by  means  of  a  concentrated  solution  of 
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171.  THE  SECRETION  OF  THE  PANCREATIC  JUICE.— 
est  and  Activity. — As  in  other  glands,  we  distinguish  a  quiescent  state,  during 
whirh  the  gland  is  soft  and  pale,  and  a  state  of  secretory  activity,  during  which 
the  organ  swells  up  and  appears  pale  red.  The  latter  condition  only  occurs  after 
a  meal,  and  is  caused  probably  in  a  retlex  way,  owing  to  stimulation  of  the  nerves 
of  the  stomach  and  duodenum.  KHhne  and  T^a  found  that  all  the  lobules  of  the 
gland  were  not  active  at  the  same  lime.  The  pancreas  of  the  hcrbivora  secretes 
anintcmiptcdly  [but  in  the  dog  secretion  is  not  constant]. 

Time  of  Secretion. — According  to  Bernstein  and  Heidcnhain  the  secretion 
begins  to  flow  when  food  is  introduced  into  the  stomach,  and  reaches  its  maximum 
a  to  3  hours  thereafter.  The  amount  falls  toward  the  5th  or  7th  hour,  and  rises 
again  (owing  to  the  entrance  of  the  chyme  into  the  duodenum)  toward  the  9th 
and  nth  hour,  gradually  falling  toward  the  i7th-24th  hour,  until  it  ceases  com- 
pletely.    When  more  food  is  taken   the  same  process  is  repeated.     As  a  general 
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rule,  when  the  secretion  occurs  rapidly  it  contains  less  solids  than  when  it 
place  slowly. 

Condition  of  Blood  Vessels, — During  secretion,  ihe  blood  vessels  behave 
like  the  blood  vessels  of  the  salivary  glands  after  stimulation  of  the  chorda — they 
dilate,  and  the  venous  blood  is  bright  red — thus,  it  is  probable  that  a  similar 
nervous  mechanism  exists  [but  as  yet  no  such  mechanism  has  been  discovered]. 
The  secretion  is  excreted  at  a  pressure  of  more  than  17  mm.  Hg  (rabbit). 

Effect  of  Nerves  ujwn  the  secretion.  The  ncn*es  arise  from  the  hq>atic, 
splenic,  and  su[>erior  mesenteric  plexuses,  together  with  branches  from  the  vagm 
and  sympathetic.  The  secretion  is  excited  by  stimulation  of  the  medulb 
oblongata  {HeUenkaiti  and  Landau)^  as  well  as  bv  direct  stimulation  of  the  gland 
itself  by  induction  shocks  {Kiihne  aiui  Lta).  [It  is  not  arrested  by  section  of 
the  cervical  spinal  cord.]  The  secretion  is  suppressed  by  atropin  [in  the  dog, 
but  not  the  rabbit],  by  producing  vomiting  (CV.  Bernard)^  by  stimulalion  of  the 
central  end  of  the  vagus  (C.  Ludwi^  and  BerHstein)^  as  well  as  by  stimulation  of 
other  sensory  nerves,  c.g.^  the  crural  and  sciatic  {A/anassifw  and  Pawitru*), 
Extirpation  of  the  nerves  accompanying  the  blood  vessels  prevents  the  above- 
named  stimuli  from  acting.  Under  these  circumstances  a  thin  ''paralytic 
secretion  "  with  feeble  digestive  powers  is  formed,  but  its  amount  is  not  in- 
fluenced by  the  taking  of  food  {Bernstein).  [Secretion  is  excited  by  the  injection 
of  ether  into  thestomaeh.] 

Bxtlrpstion  of  the  gland  maybe  performed  {S<:hiff"\,  or  the  duct  ligatured  in  animals  {Frtruk9\ 
without  caufiin;  any  very  great  change  in  their  nutrition;  the  ahsorption  of  fat  from  the  inlejiioc 
does  not  cea&e.  After  the  duct  is  ligntured  il  may  be  again  restored.  Ut}rature  of  the  duct  may 
cause  the  f<)rmalion  of  cysts  in  the  duct  and  atrophy  of  the  gland  substance  {Pafvimff),  PigeoDs 
soon  die  after  this  operation  {f.aagemiorff). 

[172.  PREPARATION  OF  PEPTONIZED  FOODg— [Peptonized 
food  may  be  given  to  patients  whose  digestion  is  feeble.  SirWm.  Roberts,  of 
Manchester,  uses  various  forms  of  this  food.  Food  may  be  jjcptoni/ed  either  by 
peptic  or  tryptic  digestion,  but  the  former  is  not  so  suitable  as  the  latter,  L>ccaiisc 
in  peptic  digestion  the  grateful  odor  and  taste  of  the  food  are  destroyed,  while 
bitter  by-products  are  formed.  Hence,  Dr.  Roberts  employs  pancreatic  diges- 
tion, which  yields  a  more  palatable  and  agreeable  product.  Astryspin  is  destroyed 
by  gastric  digestion,  obviously  it  is  useless  to  give  extract  of  the  pancreas  to  a 
patient  along  with  hU  food.] 

[Peptonized  Milk. — "  A  pint  of  milk  is  diluted  with  a  quarter  of  a  pint  of  water  and  healed 
lo  60*  C.  Two  or  three  icaspo'tDfuls  of  Bcnger's  liquor  pancreolicus.  together  with  ten  or  twenty 
gminR  of  hicarbnnaie  of  soda,  are  then  mixed  therewith. "  Keep  the  mixture  at  38°  C.  ibr  abonl 
two  hours,  and  then  boll  it  for  two  or  three  minutes,  which  arrests  the  ferment  acUon.] 

[Peptonized  Qniel,  prepared  from  oatmeal,  or  any  farinaceous  food,  is  mnre  agreeable  then 
peptonized  milk,  as  the  biiicr  Havor  does  not  appear  to  be  developed  in  the  pancreatic  digecbov  of 
vegetable  proleids.] 

Peptonised  Milk  Qniel  yielded  Roherli  the  most  satisfactory  results,  as  a  complete  and  hi^lr 
nutritmuji  food  for  wreak  tlii^estions.  Make  a  thick  gruel  from  any  farinaceous  food,  *-S-.  oatmeal, 
and  while  still  hut  add  to  it  an  equal  volume  of  cold  milk,  when  the  mixture  will  have  a  lempers. 
ture  of  52®  C,  (las'*  F.).  To  each  jjint  of  this  mixture  add  two  or  three  tea«poonfitU  of  tiqwu 
pancreaticuB  and  20  grains  of  bicarbonate  of  soda.  It  is  kept  warm  for  two  hours  under  a  "  coscy." 
It  is  then  Vioiled  for  a  few  minutes  and  strained.  Tlic  biuerne»&  of  the  digested  milk  11  a)iDu<< 
completely  covered  by  (he  sugar  pr^iduccd  during  the  process  (AWvr/j).] 

[Peptonized  soups  and  beef  tea  have  also  been  made  and  u.sed  with  success,  and  have  been 
administered  bodi  by  the  moutli  and  rectum] 

[Peptonizing  p.>wder»  ctintauiinn  the  pro,*r  proportions  of  fenneot  and  aodic  bicarbonate  *" 
prepared  by  Bcngcr,  and  Burroughs  and  Welcome.] 

173.  STRUCTURE  OF  THE  LIVER.— The  liver,  the  largest  gland 
in  the  body,  consists  of  inntimerablc  small  lobules  or  anni,  1  to  2  millimetres 
(5*^  lo  ^y  inch)  in  diamtter.  These  lobules  are  visible  to  the  naked  eye.  KW  the 
lobules  have  the  same  structure. 
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X.  The  Connective  Tissue  and  Capsule. — The  Itver  U  covered  by  a  thin,  fibrous,  firmly 
adherent  caimilc.  which  lia-S  on  lis  free  surface  a  layer  of  endothelium  rJcrivcI  from  ihc  ixmioDcutn. 
The  cajftolc  sends  tine  septa  into  the  or^an  between  the  lobules,  but  it  is  also  continued  into  the 
interior  at  the  transverse  hssure.  where  it  sUTTounds  the  portal  vein,  hepatic  artery,  and  bile  duel, 
and  accumpanics  these  slruclurcs  as  the  Capsule  of  Qlisaon  or  interlobular  connective  tissue. 
Th«  spacer  in  which  these  three  structures  He  are  known  as  portal  canals.  In  some  animals  I  pie* 
camel,  polar  bear],  the  lobules  are  separated  from  each  other  by  the  somewhat  lamellated  conncciive 
UaMeof  Glisson'ii  capnulc,  but  in  man  this  ia  but  sli^^htly  developed,  so  that  adjoining  lobules  arc 
mere  or  le«s  fuseil.  Very  delicate  connective  tUsue,  but  &uiall  in  amount,  h  als>>  f'aind  u-iihin  the 
loboles  SfUiuhl,  A'uf'fffr),     Leucocytes  are  somciimcs  fouml  in  the  tiuue  of  Glisson's  capsule. 

2.  Blood  Vessels. —  (a)  branches  of  the  Venous  System. — If  the  vena  porta  be  traced  from 
it^  cutrance  into  the  liver  at  the  portal  fissure,  it  will  be  found  to  give  off  numerous  branchctt  lying 
^rtmttn  the  lobules,  and  uUimoiely  farming  small  irunks  which  reach  the  periphery  of  the  lobules, 

Fig.  178.  t 
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I,  SchcfR<  *4  »  II wr  lotmk  — V.  »'.  V.  »'  iniffrlohiibr  vein*  {porlal);  V,  c,  rentral  or  inlralolNitar  vrln  (heiatk);  r.r, 
cjipiilir-'-^  S-rnvrer  tioth:  V,  j,  ^uii-Iutiubr  vein,  V.  i>,  vena  vuculjin-;  A,  A.bnni^c>  of  ihc  hepatic  artery, 
rivr'  ',  w,r,\a  Cili*u>n't  cn|jMil«  ami  ibe  lar£CT  vf:k>>cK,  aiiiI  iiliini.ilc)y  forming  ihe  vimie  vssculam  at 

!„  t.  the  intnliitiiiUr  cjipillAite*.'  ic,  branches  of  Ihc  hile  duct^.  x,  .t,  Intr^rtSnUt  tiile  canillariei 

IkIo  -'  r  cclk;  d.  d,  jitMiliiitt  1)1  the  liver  cclW  between  (he  meihev  of  the  blwxl  CB|irll;incft.     II,  iKoUilcd 

Itvcc  c«IU  ^c,  A  blood  capillary ;  a,  Gne  bile  capttlary  diaand. 


rbere  they  form  a  rich  plexus. 


These  are  the  interlobular  veins  (Fig.  178,  V.  I'U 
Teios  numeiuus  capillaries  {t,  c)  are  yiven  off  to  the  entire  periphery  of  the  lobule. 


From  these 
The  capillaries 
converge  toward  the  centre  of  the  lobule.  As  ihcy  proceed  inward,  they  form  elongated  meshes, 
and  l>etwrcn  tlie  capillaries  lie  rows  or  columns  of  liver  cells  {J,  J).  The  capillaries  are  relatively 
wide,  and  are  mj  disposed  as  10  tie  between  the  e^fyfs  of  the  columns  of  cells,  and  never  between 
the  surfaces  of  two  neighboring  cells.  The  capillaries  converge  toward  the  centre  of  each  lobule, 
where  they  join  to  fonn  one  large  vein,  the  intralobular  or  central  vein  (V.  r),  which  traverses 
each  lobule,  reaches  tls  surface  at  one  point,  passes  out,  and  joins  similar  veins  from  other  lobules  to 
Ibrm  the  sublobular  veins  {V.  ;).  These  in  turn  unite  to  form  wide  veins,  the  origins  of  the 
bepaiic  veins,  which  open  into  the  vena  cava  inferior. 

(fi)  Branches  of  the  Hepatic  Anery. — The  branches  of  the  hepatic  anery  accompany  the 
bfsnches  of  the  ^lortal  vein  aud  bile  duct  in  the  portal  canals  between  the  lobules,  ana  in  their 
CpBTse  they  give  off  capillaries  to  supply  the  walls  of  the  portal  vein  and  larger  bile  ducts.     The 
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branches  of  the  hefxitic  artery  aniutumosc  &e<|ucntly  where  ihey  He  between  the  tobulev.  On 
reaching  the  jwnphery  of  ihc  lobulea.  n  certain  nunil«r  of  capillaries  «i*  given  off.  which  penetrait 
the  luliule  aud  teriDiiiate  in  the  cajitlUrtea  of  the  |>ortai  vein  (t,i'|.  Ihese  capiUancs,  huMcvrr, 
which  supply  the  walls  uf  the  purCal  vein  and  Urge  bile  duels  (r.  r),  tenninale  in  veins  which  ciul 
in  the  portal  vein  (V.  « — terrdH).  Several  branchei—ra/ijujii/' — pais  to  the  wrface  of  the  liver, 
where  they  form  a  wide>meshed  plexus  under  ihc  peritoneum.  I'he  blood  is  returned  bjr  veins 
which  open  iiiio  branches  of  the  portal  vein, 

[Hepatic  Zones.^FathologiMsdraw  a  sharp  distinction  hettreen  different  zones  within  a  hepatic 
luhule.  Thus  the  central  area,  capillaries  and  cells  furm  the  hepatic  vein  zone,  which  u  specially 
liible  lo  cyanotic  chanj^es ;  the  area  next  the  periphciy  of  the  lubulc  is  the  portal  vein  zone.  who*« 
cells  under  cenain  circumstances  are  particularly  apt  to  undergo  fatty  degeneralioo ;  while  there  is 
an  area  lyin^  midway  between  the  two  foregoing — the  hepatic  artery  zone — which  ta  spccialJy 
liable  to  nmyloid  or  waxy  degeneration.] 

3.  The  Hepatic  Cells  (^Fig  17S,  II,  a")  are  trregubr  polygonal  cells  of  iboat  x^n  ^^  *n  inch 
{34  to  45  .'f)  in  diamtter  (Fig.  179).  liie  arrangement  of  ttte  cafnllories  within  a  lolmle  deter- 
mines the  arrangement  of  the  hvcr  cells.  The  Itver  cells  farm  nrusiamoAing  columns  which  railiale 
from  the  centre  to  the  periphery- of  each  lobule  (Fig.  180).  [The  liver  cells  are  usually  siiied  to 
be  devoid  of  an  envelope,  although  Haycrufi  states  that  they  posst&s  one.  They  usually  conutn 
a  single  nuclcun,  with  one  or  more  nucleoli,  but  sometnnes  two  nuclei  occur.  I'be  protoplasm  atui 
nucleus  of  each  cell  contains  a  plexus  of  librils,  just  like  other  epithelial  celts,  lo  K>me  animals, 
globules  of  oil  and  pigment  granjles  are  found  in  the  cell  protopla&nt  ^Fig.  179)-]  Each  cell  is  in 
relation  n-i(h  the  widcmeshed  blood  ca^nllaries  (</,  r/],  and  also  with  the  much  narrower  meshworlL 
of  bile  ducts  (It-r). 

Effect  of  Koods. — It  is  importftol  to  observe  that  the  appearance  of  the  ccUs  varies  with  the 
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period  of  digestion.  During  hunger,  the  IWer  cells  are  finely  granular  and  very  cloudy  (Fig.  180), 
About  thirteen  hours  after  a  full  meal,  especially  of  starchy  food,  they  contain  coarse  glancing  masKS 
of  glycogen  {Fig.  1S2,  2).  The  protoplasm  near  the  surfocc  of  the  cell  is  condensed,  and  a  fine 
network  stretches  toward  the  centre  of  the  cell,  and  in  it  is  suspended  the  nucleus  [Kufj^fr,  Hfi- 
denkain),  j^Afanassicw  finds  that  if  the  formation  of  bile  in  the  liver  be  increased  {e^.,  Sf  seaion 
of  (he  hepatic  nerves,  or  feeding  with  proteids},  the  cells  are  moderately  enlarged  in  sire,  and  coo- 
lain  numemus  granules  which  are  protcid  in  their  nature;  such  cells  resist  the  action  of  canriic 
potash.  When  there  is  a  great  formation  of  glycogen  (as  after  feeding  with  potatoes  and  sugar), 
all  the  cells  are  very  large  and  sharply  defined,  while  their  bodies  are  loaded  with  granules  o^  gly- 
cogen, the  cells  being  so  large  as  to  compress  the  capillaries.  These  cells  dissolve  quickly  in  caudic 
potash.      The  network  within  the  cells  is  best  seen  after  solution  of  the  glycogen.] 

4.  The  Bite  Ducts. — I'he  finest  Ulc  capillaries  or  canalicuti  arise  from  the  centre  of  the  lobttJe, 
and,  indeed,  ihrjughout  the  whole  lobule,  they  form  a  regular  anastomosing  aciwork  of  very  fine 
tubes  or  channels.  Each  cell  is  surrounded  by  a  polygonal — usually  hexagoiul — mesh  (Fig.  17S, 
xx).  The  tiiie  capillaries  always  lie  in  ihe  middle  of  the  surface  between  two  adjotniii^  cells 
(II,  tf),  where  they  form  actual  interceiiuiar /iasjt7gti  {7'\g,  181)  [ffering).  [According  to  wmc 
obaervers,  they  are  merely  excessively  narrow  channels  (i  to  2  ;U  widej  in  the  cement  subttance 
between  the  cells,  while  according  to  others,  they  have  a  distinct  delicate  wall  {^frusih,  MtMr^). 
The  Inle  capillary  netwoik  is  much  closer  tluin  the  blood  capillary  network.  [Thus,  thert  arc 
thrif  networks  within  each  lobule — 

il)  A  network  of  blood  capillaries; 
a)  **  hepatic  cells ; 

3)  "  bile  capillaries ;  (Fig.  181.] 


Excessively  minuic  intrmceUular  passag^es  are  uid  to  pass  frutn  the  bile  Cftpillarici  intu  the 
interior  of  the  liver  cells,  where  they  communicate  with  certain  smoll  cavities  or  vacuoles  (-^jA 
Ku/ffer^  PHugtr — Fig.  182,  3).  An  the  blood  cflpiUaries  tun  along  tbc  edges  of  the  liver  celU, 
•nU  the  bile  capillanes  between  llie  opposed  surfaces  of  adjacent  ceJls,  the  two  systcim  of  canals 
within  the  lobule  are  kept  se^jarale.  Some  bile  capillaries  run  along  the  edges  of  the  liver  cells  in 
the  bnniAn  liver,  especially  during  embryonic  life  {^ZHckerkaHdl^  Toldt).    Toward  ibe  peripheral 
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Blood  capillaries,  Sntst  bile  ducu  io  their  rebtuve  potitMn  in  a  rabbit's  llnr  (£.  Ntring). 

pttfl  of  ihc  Inbule,  the  tnle  capillaries  arc  larger,  while  adjoining  channels  nnaxtomose  and  leave 
the  lohule,  where  they  become  interlobular  duclB  {g),  which  juin  with  other  similar  ducts  to  form 
larger  intcrtobolar  bile  ducts.  Thc^c  occoinpany  the  hepatic  artery  and  portal  vein,  and  leave  the 
liver  at  the  transverse  fissure.  T^cjinrr  intcrlol'ular  ducts  frequently  anastomose  in  lilisaon's  ca.'^- 
sule  I  Wi/>).  po«sns  a  struaureless  basement  membrane,  and  are  lined  by  a  single  layer  of  low, 
polyhedral,  epithelial  celts.     The  iargrr  interlobular  ducia  have  a  distinct  wall  consisting  of  con- 
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oeciive  and  elastic  tissue,  mixed  with  circularly  disposed,  stnootfa,  muscular  fibres  (IHg.  183). 
Opilianes  are  supplied  to  the  wall,  which  1$  lined  by  a  single  layer  of  columnar  cpilhclium.  A 
»ub-inuci>sa  occurs  only  in  the  lar^e^t  bile  ducts,  and  in  the  gall  bladder.  Smooth  musailar  Hbres, 
arrranged  io  single  bundles,  occur  in  the  largest  ducts,  and  as  longitudinal  and  circular  layers  in  the 
{all  bladder,  whose  mucous  membrane  is  provided  with  numerous  folds  and  deprcssioris.  The 
epithelium  lining  the  gidl  bladder  is  cylindrical,  with  a  distinct,  clear  disk,  and  between  tbeie  cells 
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are  goblel  c«]ls.    Small  branched  tubular  mucous  glands  occur  in  the  small  bile  ducts  and  ia 
gall  bladder. 

Vasa  Aberrantia  aie  laolatet]  bile  ducts  which  occur  oq  the  suriace  of  the  lirer,  bul  hai 
relation  lo  any  sy^em  of  liver  lobules.  'I'hey  occur  at  the  sharp  margin  of  the  liver  in  (he  r< 
of  the  infenor  vena  cava,  of  the  gall  bladder,  and  uf  the  parts  near  the  ponal  tusun-.  Ii  trrta* 
that  the  liver  lobules  to  which  they  ori>riually  beluu(;ed  have  atrophied  aud  disappeared  ^Zufiurkarndt 
ami  TolJt), 

(5)  The  Lymphatics  begin  as  peri-cttpUlary  tubes  around  the  capillaries  within  the  lobolet 
(AJa(GiUiivry).  They  einerf^e  fruui  the  lubule  and  run  wiihim  the  wall  of  the  branches  of  ihe 
he[>atic  and  jional  veins,  and  afterward  surround  the  venoua  trunks  {/'imihi,  A.  Butixf),  thus  iora- 
ing  the  interlobular  lymphaiics.  These  unite  to  form  larger  trunkj,  which  leave  the  hver  partly  ai 
tlie  pottal  Hssure,  partly  along  with  the  hepatic  veins,  and  partly  at  dinereui  points  on  the  turftce 
uf  the  organ.  There  is  a  nanow  supcrlicial  meshworkof  lymphatics  under  the  peritoneum — jm^- 
Ptr\h*Heal — ^wliich  communicate  with  the  thoracic  lymphatics  through  the  tnaiigulor  ligametU  aad 
suspcnsormm,  while  on  the  under  surface  they  communicate  with  the  lymphatics  of  the  interlolialu' 
Cunncctivi:  liMuc. 

(6)  The  Nerves  consist  panly  of  medullated  and  partly  of  non-medullated  fdtres  from  branclKs 
of  the  sympathetic  and  left  vagus  to  the  hepatic  plcxu<i.  They  accompany  the  branches  of  ihc 
hepatic  artery,  and  ganglia  occur  on  Ihcir  branches  within  the  hver.  Some  of  the  nerve  fibres  are 
vasomotor  in  function,  and  according  to  PlUger,  other  nerve  libres  terminate  directly  ta  coimcctwA 
with  liver  cells,  although  this  observation  has  still  to  be  cun^rmed. 

Pathological. — The  connective  tissue  between  the  lubules  may  undergo  great  increase  in 
amount,  especially  in  alcohol  and  gin  drinkers,  and  ihus  the  sul>a-iance  ol  the  lobules  may  be 
greatly  conipre&aed,  owing  to  the  cicatricial  contraction  ol  the  ncwiy-lorraed  connective  tissue  (cir- 
rhosis uf  the  liver).  In  »uch  interlobular  connective  tiMuc,  newly-furmed  bile  doct%  are  fuund 
[Cornil,  C'Aiir<i>t  iiHti  othfm. 

Ligature  of  the  ductus  choledochus  [cauics  rnlargcment  of  the  spleen  (rabtnt)and  a  dimma- 
tion  in  the  numbt^r  ui'  the  btuud  curpti!w:]es  [,\tackey)'\,  and,  after  a  lime,  interstitial  inllam- 
niation  of  the  liver.  In  rabbits  and  guinea  pigs  the  liver  parenchyma  disappenri,  and  its  \Axck  is 
taken  by  newly-fonned  connective  ti^uc  and  tJiIe  ducts  [Charcot  anJ  iJumhamlt).  In  all  these 
cases  ol  lutcrsiitUl  innammalton,  there  is  prolifcrjlion  of  the  epithelium  of  the  bile  duct*  ^/iM, 
Stilvicli).  According  to  Heluussow,  the  uilaled  bile  ducts  partly  burst,  and  partly  lowing  tu 
pressure)  underg:-  nccri>s)s,  and  iherealtcr  in  the  neighborhood  of  these  foci  indammaiory  reaction 
set^  in,  u'ith  cell  intillrutiun,  furmalion  uf  new  connective  tissue,  and  regenerative  new  fonnalioo  of 
bile  ducts. 

[Regeneration  of  the  Liver. — T'izzoni  Hnds  that  there  may  be  partial  regeneration  athI  new 
formation  of  liver  lobules  in  the  dog,  the  process  licing  the  same  as  that  which  occurs  in  the  embiy- 
ouic  development  of  the  organ^  r.  e.^  the  growth  of  solid  cylinders  of  liver  cells,  formed  by  the  pre- 
existing liver  cells,  which  j>enetratc  intu  the  connective  tUsue  uniting  Ihe  edges  of  the  wournj. 
TheM:  cells  ultimately  differentiate  intu  hepatic  cells  and  bile  ducts.  GrifHni  also  confirms  the  fiict 
of  the  regeneration  of  the  hepatic  substance  in  the  <log  and  rabbit,  but  he  thinks  thai  the  new  forma- 
lion  is  developed  by  the  outgrowth  of  the  epithelial  cells  of  the  bile  cells.] 

174.  CHEMICAL  COMPOSITION  OF  THE  LIVER  CELLS,— 
(i)  Proteids. —  The  frt^h,  soft  parenchyma  of  the  liver  is  alkaiint  in  reaction; 
after  death,  coagulation  ucciirs,  the  cell  contents  appear  turbid,  the  tissue  becotaes 
friable,  and  gradually  an  acid  reaction  is  developed.  This  process  closely 
resembles  what  occurs  in  muscle,  and  is  due  to  the  coagulation  of  a  myosin-like 
body,  which  is  soluble  during  life,  but  after  death  undergoes  spontaneous  coagula- 
tion {P/dsz).  The  liver  contains  other  albuminous  bodies;  one  coagulating  at  45° 
C,  another  at  70°  C,  and  one  which  is  slightly  soluble  in  dilute  acids  and  alkalies. 
The  cell  nuclei  contain  nuclein  {/'/osz).     The  connective  tissue  yields  gelatin. 

(2)  Glycogen  or  Animal  Starch^i.2  to  2.6  per  cent.— is  most  closely 
related  to  inulin,  is  soluble  in  water,  bat  diffuses  with  difficulty,  is  a  true  carbohy- 
drate (C7.  Bernard  ami  v.  Hensen^  ^^S?)*  ^^^^  ^^^  the  formula  6(.C«H,«0*)  -f- 
HjO  {^Kuiz  and  Borntra^t'r).  It  is  stored  up  in  the  liver  ct\\s\Bo<k  and  H»f' 
nian)t  in  amorphous  granules  around  the  nuclei  (Fig.  182,  2)»  but  it  is  not  uni- 
formly distributed  in  all  parts  of  the  liver  {v.  IVitiich).  Like  inultn,  it  gives  a 
deep  red  color  with  solution  of  iodine  in  iodide  of  potassium.  It  is  changed  into 
dextrin  and  sugar  by  diastatic  ferments,  and  when  boiled  with  dilute  mioenl 
acids,  it  yields  grape  sugar  (§  148.  1  ;  §  170,  I ;  §  252,  Hi). 

Preparation  of  Glycogen. — Let  a  rabbit  have  a  hearty  meal,  and  kill  it  three  or  four  bovrs 
thcrcaiter.     The  liver  ia  removed  ittunediately  after  death  ;  it  is  cut  intu  tioc  pieces,  |i1unged  wio 
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hoi/itrg  water,  and  boiled  for  some  lime  m  order  to  obtain  a  watery  extract  of  the  liver  cells.  [It  ts 
placed  in  l»iling  water  to  de  troy  the  ferment  supposed  lo  be  present  in  the  liver,  which  would  inins 
form  the  fiKc<«gED  inio  gmpe  sugar.]  To  the  cold  filtralc  arc  ad<lcd  alicrnalely  dilute  hydrochloric 
ftCid  and  pulossiu  ineicuric  iodide  a&  long  as  a  precipitate  occurs.  The  albuminates  or  pruteids  are 
|irccipitated  t>y  the  it)didc  compound  in  ibc  presence  of  free  HCI.  It  is  then  liticre<l,  when  a  clear 
opalescent  fluid,  containing  the  glycogen  in  solution,  is  obtained.  The  glycogen  is  precipitated 
from  the  filtiate,  a>  a  white  aniurphuus  powder,  oti  adding  an  excess  of  70  to  80  pet  cent,  atcuhol. 
The  precipitate  \f>  washed  with  60  per  cent,  and  afterwa'd  with  93  per  cent,  alcohol,  then  with  ether, 
and  loMly.  with  absolute  alcubol ;  it  is  dried  over  sulfuric  acid  and  weighed  {SriicJbe). 

Ferment. — [F.  Eves  asseits  that  ihc  />osfmi>rfem  conversion  of  sugar  in  the  liver  is  not  attribut- 
•bleto  a  ferment  action,  and  the  rapid  appearance  of  su^r  in  the  liver  after  death  is  due  to  the 
specific  metabolic  activity  of  the  dying  cells.] 

Conditions  which  influence  its  amount. — If  large  quantities  of  .starch, 
milk-,  fruu-,  or  cane-siigur,  or  glycerine,  but  not  mannite  or  glycol  ( Lueksing^r), 
or  inosite  l^/^iih),  be  added  to  the  proteids  of  the  fond,  the  amount  of  glycogen 
in  the  liver  is  very  greatly  increased  (to  12  per  cent,  in  the  fowl),  while  a  purely 
albuminous  or  jvirtly  fatty  diet  diminishes  it  enormously.  During  hunger  it  almost 
disapitears  iPavy  and  Tschtrinoff),  The  injection  of  dissolved  carbohydrates 
into  a  mesenteric  vein  of  a  starving  rabbit  causes  the  liver,  previoasly  free  from 
glycogen,  to  contain  glycogen  (iVflw/i)'«). 

[Arsenic,  phrwphoru^,  and  antimony  destroy  (he  glycogenic  function  of  the  liver,  no  glycogen 
l3eing  present  in  the  liver  of  animiU  |>oi«oncd  with  these  drugs,  so  that  puncture  of  the  Hoor  of  the 
foonh  ventricle  no  longer  causes  glycosuria  in  them.] 

During  life,  under  normal  conditions,  the  glycogen  in  the  liver  is  either  not 
transformed  into  grape  sugar  {Pavy,  Riiter,  EuUnberg),  or,  what  is  more  prob- 
able, only  a  very  small  amount  of  it  is  so  changed.  The  normal  amount  of  sugar 
in  blood  is  0.5  to  1  per  1000,  although  the  blood  of  the  hepatic  vein  contains 
somewhat  more.  A  considerable  amount  is  transformed  into  sugar  only  when 
there  is  a  decided  derangement  of  the  hepatic  circulation,  and  in  these  circum- 
sunccs  the  blood  of  the  hepatic  vein  contains  more  sugar.  The  glycogen  under- 
this  change  very  rapidly  after  death,  so  that  a  liver  which  has  been  dead  for 
some  time  always  contains  more  sugar  and  less  glycogen. 

The  Diastatic  ferment  in  the  liver  is  small  in  amount,  and  can  be  obtained 
from  the  extract  of  the  liver  cells  by  the  same'means  as  are  applicable  for  obtain- 
ing other  similar  ferments,  such  as  pytalin  ;  but  it  does  not  seem  to  be  formed 
within  the  liver  cells,  but  only  passes  very  rapidly  from  the  blood  into  them.  The 
ferment  seems  to  be  rapidly  formed  when  the  blood  stream  undergoes  considerable 
derangement  {Ritter^  Schiff),  A  similar  ferment  is  formed  when  red  blood  cor- 
puscles arc  dissolved  (  Ticgci)^  and,  as  there  is  a  destruction  of  red  blood  corpus- 
cles taking  place  continually  within  the  liver,  this  is  one  source  from  which  the 
ferment  may  be  formed,  whereby  minute  quantities  of  sugar  would  be  continually 
formed  in  the  liver. 

If  glycogen  i5  injected  into  the  blood,  achroodcxirin  appears  in  the  urine,  and  also  haemoglobin, 
as  glycogen  dissolves  red  blood  corpuscles  (fiiifim,  Utiff^'iumnS. 

Ligature  of  the  bile  duct  causes  decrease  of  the  glycogen  in  the  Hver  \v.  WitticH);  it  appears  as 
if,  mfter  this  operation,  the  Hver  loses  the  property  of  forming  glycogen  from  the  materials  supplied 
10  it. 

(3)  The  following  substances  have  also  been  found  in  the  liver  cells:  Fats,  in 
the  form  of  highly  refractive  granules  in  the  liver  cells,  as  well  as  in  the  bile 
ducts  ;  sometimes,  when  the  food  contains  mitch  fat  (more  abundant  in  drunkards 
and  the  phthisical),  olein,  [}almitin,  stearin,  volatile  fatty  acids,  and  sarcolactic 
acid  are  found. 

J[Patty  Degeneration  and  Infiltration. — Fatty  granules  are  of  common  occurrence  within  the 
ceUs  of  the  liver,  and  when  they  do  not  occur  in  too  great  amouot,  do  not  seem  to  interfere  very 
reatiy  wiih  the  functions  of  the  liver  cells.  These  fatty  granules  arc  common  in  disease,  consutal- 
ig  fatty  inliltialian  and  degeneration,  and  in  such  cases  the  cells  within  a  lubule  of  the  liver,  next 
ihe  porul  vein,  are  tuually  most  highly  charged  with  the  fatty  panicles.    FaUy  particles  occur  if  too 
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much  fatty  food  b«  taken,  and  they  are  commonly  fonnd  in  the  V\vct%  of  stall  fed  animal>,  and  the 
^tW-knoy/n  pd/i-ife-/cif  pros  is  largely  compiised  of  the  livers  of  gee&c  which  have  been  led  on  Um 
nmounts  uf  farinaceous  food,  and  which  have  been  subjected  lo  other  unfavorable  hygienic  comli 
tions.  Fatty  granules  are  recoirniied  by  their  highly  refractive  appearance,  by  iheir  ftoIubiJhy  io 
etber,  and  by  being  blackened  by  oscnic  acid.] 

There  are  also  found  Irnccs  of  cholcMerin,  minute  quonlllies  of  uren,  uric  acid.  [Tjeticiu  f?  gu 
anin),  sarkin,  xanthin,  cyMin,  ond  tyrosin  occur  pathologically  in  certain  diieoses  where  marked 
chemical  de compositions  occur] 

(4)  The  inorganic  substances  found  in  the  human  liver  are — potassium, 
sodium,  calcium,  magnesium,  iron,  manganese,  chlorine,  and  phosphoric,  sul- 
phuric, carbonic,  and  silicic  acids  ;  while  copper,  zinc,  lead,  mercury,  and  ar- 
senic may  be  accidentally  deposited  in  the  hepatic  tissue. 

175.  DIABETES  MELLITUS  AND  GLYCOSURIA.— [Glycosuria 

is  characterized  by  the  presence  of  grape  sugar  in  the  urme.  According  lo  BrQckc, 
a  /rarif  of  sugar  exists  normally  in  urine,  and  when  this  amount  is  increased,  we 
have  glycosuria.  When  the  nomial  amount  of  grape  sugar  in  the  blood  (o  la  to 
0.33  per  cent.)  is  increased,  grape  sugar  appears  in  the  urine.  In  Diabetes 
Mellitus,  grape  sugar  also  appears  in  the  urine,  but  this  is  realty  a  senous  di(> 
ease,  involving  the  alteration  of  many  tissues,  and  distinguished  by  profound  dis- 
turbance of  the  whole  metabolic  activity,  which  leads  to  numerous  pathological 
changes  and  often  to  death.  The  appearance  of  grape  sugar  in  urine  docs  not^ 
necessarily,  mean  that  a  person  is  suffering  from  this  disease]. 

The  formation  of  large  quantities  of  grape  sugar  by  the  liver,  and  its  passage 
into  the  blood,  and  from  the  blood  into  the  urine,  are  related  to  the  above-men- 
tioned normal  conditions.  Extirpation  of  the  liver  in  frogs  {MoUschoft),  or 
destruction  of  the  hepatic  cells,  as  by  fatty  degeneration  from  poisoning  with 
phosphorus  or  arsenic  (Sa/kt/Ufski)  do  not  cause  this  condition.  It  occurs  for 
several  hours,  however,  after  the  injury  of  a  certain  part — the  centre  for  the  heiiatic 
vasomotor  nerves— of  the  y?wr  0/  the  lower  pari  of  the  fourth  ventricle  {CI.  Ber- 
Harifs  pi*}uri)\  also  after  section  of  the  vasomotor  channels  in  the  spinal  cord, 
from  above  down  lo  the  exit  of  the  nerves  for  the  liver,  viz.,  to  the  lumbar  region, 
and  in  the  frog  to  the  fourth  vertebra  {Schiff^.  When  the  vasomotor  nerves, 
which  proceed  from  this  centre  to  ttie  liver,  are  cut  or  paralyzed  in  any  part  of 
their  course,  mellitnria  or  glycosuria  is  produced.  All  the  nerve  channels  do  not 
run  through  the  spinal  cord  alone.  A  number  of  vasomotor  nerves  leave  the  spinal 
cord  higher  up,  pass  into  the  sympathetic,  and  thus  reach  the  liver ;  so  that  de- 
struction of  the  superior  (Pavy),  as  well  as  of  the  inferior  cervical  sympathetic 
ganglion,  and  the  first  thoracic  ganglion  (^Eckhard')  of  the  abdominal  sympathetic 
{KledSt  AfunJt),  and  often  of  the  splanchnic  itself  {Hensen^  v.  Graeff]^  produces 
diabetes.  The  paralysis  of  the  bloodvessels  causes  the  liver  to  contain  much 
blood,  and  the  intra-hepatic  blood  stream  is  slowed.  The  disturbance  of  the  cir- 
culation causes  a  great  accumulation  of  sugar  in  the  liver,  as  the  blood  fermeni 
has  time  to  act  upon  the  glycogen  and  transform  it  into  sugar.  By  stimulation  of 
the  sympathetic  at  the  lowest  cervical  and  first  thoracic  ganglion,  the  hepatic 
vessels  at  the  periphery  of  the  liver  lobules  become  contracted  and  pale  {Cy^n^ 
Aladoff).  It  is  remarkable  that  glycosuria,  when  present,  may  be  set  aside  by 
section  of  the  splanchnic  nerves.  This  is  explained  by  supposing  that  the  enor- 
mous dilatation  and  congestion,  or  the  hyperemia,  of  the  abdominal  blood  vessels 
thereby  prodviced,  renders  the  liver  anxmic. 

A  nambrr  of  poisons  which  paraljrze  ihf-  hepatic  vasomotor  nerves  produce  dtabctea  tn  a  similar 
way;  conKtantly  alter  curara  (when  artificial  respiration  U  not  maintaincdj,  CO,  amy)  oitrite,  ortbo- 
nitro-prupionic  acid  and  meihyl  delphinin  ;  another  series  of  poisoQS  in  large  doses  are  not  coasutit 
in  ihcir  cfl'trct — morphia,  chloral  hydrjie  HCN,  HjSOj,  merciiry,  alcohol  [phltiriiia  (i--  Mfrimg\'\. 
and  such  infectious  dLkcaiCB  as  cholera,  anthrax,  diphtheria,  typhoid  and  scarlatina.  But  congcidon 
of  the  liver  produced  io  other  ways  appears  tu  cau&e  diabetes  t-K-'  ^ft^r  mechanical  MinaulaUos  of 
the  liver.  To  this  class  belongs  the  injection  of  dt  ute  saline  solutions  into  the  blood  \B»ek^  /f*f- 
noifw),  whereby  either  the  cJian^  in  form  or  the  aolution  of  the  colored  lUood  corpuscles 


i 


i 

I 


SOURCES  OF   GLYCOGEN. 


2U1 


tb«  congestion.  ThedrcDmstance  that  repeated  binod  letting  makes  the  blood  richer  in  sugar,  may, 
perhaps,  be  explained  by  the  slowing  of  the  circulation.  [Injection  oT  h  solution  of  a  neutral  sail 
lato  a  ligatured  loop  of  the  small  intestine  sometimes  causes  metlituria  [A/,  //a^).} 

Continued  stiraulaiion  of  peripheral  nerves  may  act  rcflexly  upon  the  centre  for 
the  vosomolor  nerves  of  the  liver.  Diabetes  has  been  observed  to  occur  after 
stimulation  of  the  central  end  of  the  vagus  (67.  Bernard^  Eckhard^  Kiih^  Lob^ik), 
and  also  after  stimulation  of  the  central  end  of  the  depressor  nerve  ^FiUhfu), 
Even  section,  and  subsequent  stitnulation  of  the  central  end  of  the  sciatic  nerve, 
causes  diabetes  {Sehiff,  Kiih,  Bohm  and  Hoffmann,  Fromng),  This  may  explain 
the  occurrence  of  diabetes  in  people  who  suffer  Irum  sciatica. 

[Tt  may  occur,  also,  after  pcrveited  nervoDS  activity,  as  psychical  exdlement,  neuralgias  {sciatica, 
tri.;cminai  or  occipital  i,  concussion  nf  the  brain,  as  well  as  after  certain  injuries  to  the  skull  and 
.  vertebral  column  and  some  cerebral  diseases.] 

According  to  SchifT,  the  stagnation  of  bloou  in  other  vascular  regions  of  the  body  may  cause  the 
fermeru  lo  accumulate  in  the  blood  to  such  nn  extent  that  diabetes  occurs.  The  glycosur  n  rhai  occurs 
alter  compression  of  the  aorta  or  [.Kirlal  vein  may,  perhaps,  be  a.scribed  to  this  cause,  liut,  perhaps, 
the  pressure  produced  by  these  procedures  may  paralyze  cenain  nerves.  According  tu  Lckhard, 
injury  to  the  vermifonn  process  of  the  cerebcrtlum  of  ttie  rabbit  cau-es  diabetes.  In  man,  affections 
of  ttie  above-nametl  ncrvDus  regions  cait^e  diabetes. 

[  7ht  Ctrnte^utnee  of  Diiturbanca  (if  DigeHhn  ^\xk  most  individuals  the  use  of  a  large  quantity 
of  >ugBr  ID  the  food  is  nut  followed  by  sugar  in  the  urine;  but  in  some  exceptional  ca^es  it  is  often 
present,  e-g.^  in  persons  suffering  from  gn.'ilric  catarrh,  cspccinUy  if  ihcy  are  youly.] 

Theoretical. — In  order  to  explain  ibe  mure  immediate  cause  of  Uie>e  plieiiomcaa,  several  hy- 
potheses have  l»ecii  advanced:  — 

(a)  Tlic  liver  glycogen  may  be  transfomicd,  unhinelcred,  into  sugar,  as  the  blood,  in  its  passage 
thrntigh  the  liver,  deposits  or  gives  up  the  ferment  lu  the  liver  cells  (see  above).  So  that  the  nonnal 
fcnction  of  the  vasomotor  !)-stem  of  the  liver,  and  its  centre  in  the  rioor  of  the  fourth  ventricle,  may 
be  regarded  a>,  in  a  ccruin  sense,  an  "  inlubitury  syMcrn  "  for  the  foruiiitiun  of  sugar. 

(^)  tf  we  oAAume  that,  under  normal  condiiioos,  there  \s  continually  a  small  (juanuty  of  sugar 
passing  from  the  hver  into  the  hepatic  vein,  we  might  explain  the  diabetes  as  due  to  the  disappear* 
aiicc  of  these  decum  positions— dim  in  ishcd  burning  up  of  the  liUgar  in  the  blood— which  arc  con- 
■tantly  removing  the  sugar  from  the  blood.  In  fact,  iliibetic  persons  have  been  found  to  consume 
O  I  r   Ptttenkiifer  and  f-'oit)  and  lo  have  an  increa.scd  formation  of  urea. 

Sources  of  Glycogen. — The  *' mother  substance'*  of  the  glycogen  of 
the  liver  his  been  variously  stated  to  be  the  carbohydrates  of  the  food  [Favy), 
Cits  (olive  oil,  SaA'OTfffj,  glycerine  (r'an  Deen^  Weiss),  taurin  and  glycin  (the  latter 
splitting  inlu  glycogen  and  urea — Heynsius  and Kuthe),  the  proteids(C/.  Bernard)^ 
and  gelatin  {Saiomon).  If  it  is  derived  from  the  albumins,  it  must  be  formed 
from  a  non-nitrogenous  derivative  thereof. 

According  to  Seegen.  the  blt:)od  of  the  htpatie  vein  contains  twice  as  nrnch  sugar  (0.23  per  cent.) 
ifts  thai  in  the  portal  vein  (0.119  per  criit.) :  observations  on  dogs  showed  that  the  blood  Hawing 
Ihrongh  the  liver  gives  up  over  400  grms.  sugar.  Mence,  in  camivora,  the  greatest  part  of  the  C  of 
the  animal  focxl  must  pass  into  sugar,  so  that  the  formation  of  sugar  in  (he  liver  ami  its  decomposi- 
lion  in  the  blood,  or  in  the  organ.'t  iraverved  t)y  (he  IjIwhI,  mu.«.t  be  a  \-cry  importani  function  of  the 
metabolism.  Seegen  is  also  of  opinion  that  the  liver  glycogen  takes  no  part  in  the  formation  of 
»ugar  itt  the  liver. 

Kohmann  found  that  the  use  of  ammonia  in  rabbits  considerably  increased  the  formation  of  gly- 
cogen. The  excessive  fonnation  of  acid  in  diabjtcs  observed  by  Sudelmann  unites  with  the 
nmoionia  and  diminishes  considerably  the  fornution  of  glycogen. 

[Injection  of  Grape  Sugar  into  the  Blood. — When  grape  sugar  is  injec'ed  into  the  Jugular 
Tein  of  a  dog.  only  33  per  cent  at  most  is  given  otT  in  the  urine,  while  usually  within  two  to  five 
,]u>Br«ihe  urine  is  free  from  sugar.  Even  within  a  few  minutes  after  the  injection  only  a  certain 
[|>ro|K>rtiun  (,S-)^)  of  the  su(;ar  is  found  in  the  bUxxl;  a  part  of  the  sugar  has  been  detected  in  the 
muM^es,  liver,  and  kidneys,  but  the  (ate  of  Ihe  remainder  is  not  known.  Immediately  after  the 
injection,  the  amount  nf  h.^moglobin  .ind  alw  of  s.rum  albumin  is  diminished  (50  per  cent  |,  which 
U  due  to  increase  ol  the  'juantily  of  water  within  the  vessels ;  but  within  two  hours  this  dispropor- 
tion is  restored  lo  the  normal  Male  (Hrnirl).  In  a  curarizcd  dog  (he  injection  of  grape  sugar  into  a 
TCtn  increase*  the  blood  pressure,  but  this  effect  is  not  observer!  after  itie  injection  of  moqihia  and 
cnltral  {AlfKrii>ni).'\ 

EfTects  of  Food. — Rabbits  whose  livers  have  been  rendered  free  from  gly- 
cogen by  starvation,  yield  new  glycogen  from  their  hvcrs  when  they  arc  fed  with 
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cane  sugar,  grape  sugar,  maltose,  or  stirch.  Forced  muscular  movements  soon 
make  Uie  liver  of  dogs  free  from  glycogen,  exposure  to  cold  diminishes  its  amount. 
Dextrin  and  grape  sugar  occur  in  the  dead  liver  (Z/w/zrVA/,  Kii/z),  but  in  addition. 
some  glycogen  is  found  for  a  considerable  time  after  death  in  the  liver  and  in  the 
muscles. 

Other  Situations.— GlycogcQ  is  In*  no  meaiu  confined  to  the  liver  cells;  it  occur*  daring  foetzl 
life  iu  all  the  ti&!>ue&  uf  the  body  of  the  erabrvo  [including  the  embrj-ontc  skeleton  i^Pas<kutm\], 
alfto  in  young  .tiiimnU  {JCiikne),  and  tn  the  iJaceiiu.  {Bfmtin/t.  In  the  adult  it  occurs  In  the  le»- 
liclc  (Ale/////-),  in  ihc  muscles  {Afttc  Donnel,  0.  Nassf),  in  numerous  palhoingical  pn^ducts,  in  in- 
Bamed  lungs  [liiihHe).  and  aUo  in  the  corre^^^Kindin^  (issues  of  the  luwer  aniuiats.  [It  aUo  occun 
in  the  chorionic  villi  iC/.  Hernard),  in  oolorlcss  blood  corpuscles,  In  fresh  pus  celU  which  stiti 
exhibit  amteboid  roovcmenis,  and,  in  fact,  in  all  developing  animal  cell*,  with  amcclxsitl  tnovement; 
it  is  a  never  failing  cunsiituent  in  cartil^e.  and  in  the  muscles  ard  liver  of  invertebrata,  such  as  the 
oyster  {J/opff-Sgyitr).  There  is  none  in  the  fresh  brain  of  ibe  d*^  or  rabbit,  bat  it  is  found  ia  the 
brain  in  diabetic  coma  {.4Mei).\ 

Persons  suffering  from  diabetes  require  a  large  amount  of  food  ;  they  suffer 
greatly  from  thirst,  and  drink  much  fluid.  They  exhibit  signs  of  marked  emacia- 
tion, when  the  loss  of  the  body  is  greater  than  the  sup])Iy.  [In  advanced  diabetes 
the  glycogenic  function  of  the  liver  is  almost  abolished,  as  was  proved  by  remov- 
ing with  a  trocar  a  small  part  of  the  liver  from  man  {Ehrh'ch)^  when  almost  no 
glycogen  was  found.  The  absorbed  sugar  in  the  portal  vein  px'aes  directly  into 
the  general  circulation  without  being  submitted  to  the  action  of  the  liver 
(f.  Fr£richs).'\  In  severe  cases,  toward  death,  not  unfrequently  a  peculiar 
comatose  condition — diabetic  coma — occurs,  when  the  breath  often  has  the 
odor  of  acetone,  which  is  also  found  in  the  urine  {Pctters).  But  neither 
acetone  nor  its  precursor,  aceto-acetlc  actd,  nor  lethyl-diacetic  acid,  nor  the 
unknown  substance  in  diabetic  urine  which  gives  the  red  color  with  ferric 
chloride  {v.  Jaksck),  is  the  cause  of  the  coma  {^Freruhs  and  BHtger).  Tht 
urinary  tubules  often  show  the  signs  of  coagulation  necrosis,  which  is  recognized 
by  a  clear,  swollen-up  condition  of  the  dead  cells  {Edstcin).  As  yei  there  is 
no  satisfactory  explanation  of  those  rarer  cases  of  "  acetonaemia "  without 
diabetes  (A'tfff/i-i-//,  Cuniini,  v.  Jaki(h). 

176.  THE  FUNCTIONS  OF  THE  LIVER.— [In  order  to  under- 
stand  the  functions  of  the  liver,  we  must  rememl>er  Us  unique  relation  to  the 
vascular  and  digestive  systems,  whereby  many  of  the  products  of  gastric  and  in- 
testinal digestion  have  to  traverse  it  before  they  reach  the  blood,  and,  in  fact,  as 
some  of  them  traverse  the  liver  they  are  altered.  We  have  still  much  to  learn  re- 
garding these  offices  of  the  liver,  but  it  has  several  distinct  functions — some 
obvious,  others  not.  (1)  The  liver  secretes  bile,  which  is  foriiied  by  the  heiiatic 
cells,  and  leaves  the  organ  by  the  bile  ducts,  to  be  poured  by  them  into  the  duo- 
denum. (2)  But  the  liver  cells  aUo  form  glycogen,  which  does  not  pass  into  the 
ducts,  but  in  some  altered  and  diffusible  lorni  pxsscs  into  the  blood  stream,  and 
leaves  the  liver  by  the  hepatic  veins.  Hence,  the  study  of  the  liver  materially 
influences  our  conception  of  a  secreting  organ.  In  this  case,  wc  have  the  pro* 
ducts  of  its  secretory  activity  leaving  it  by  two  different  channels — the  one  by  the 
ducts,  and  the  other  by  the  blood  stream.  The  liver,  therefore,  is  a  great  store- 
house of  carbohydrates,  and  it  serves  them  out  to  the  economy  as  they  are 
required.  All  this  points  to  the  liver  as  being  an  organ  intimately  related  to  the 
general  metabolism  of  the  body.  (3)  In  a  certain  period  of  development  it 
IS  concerned  in  the  formation  of  blood  corpuscles  (§  7).  (4)  It  has  some  reUtton 
to  the  breaking  up  of  blood  corpuscles  and  the  formation  of  urea  and  other 
metabolic  products  (ij  20,  §  177.  3).  (5)  Brunton  attributes  some  importance  to 
the  liver  in  connection  with  itie  arrest  of  certain  substances  absorbed  from  the 
alimentary  canal,  whereby  they  are  either  destroyed,  stored  up  in  the  liver,  or,  it 
may  be,  prevented  from  entering  the  general  circulation  in  too  large  amount.  It 
is  possible  that  ptomains  may  be  arrested  in  this  way  (§  166).] 
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177.  CONSTITUENTS  OF  THE  BILE.— Bile  is  a  yellowish-brown 
or   dArk  grecD  colored   transparent   fluid,  with  a  sweetish,  strongly  bitter  taste, 

!ble  musk  like  odor  and  neutral  reaction.  The  specitlc  gravity  of  hnman  bile 
Yrora  the  gall-bladder  =  1026  to  1032,  while  that  from  a  fistula  ^=^  loio  to  loii 
i^Jtunbst^M).     It  contains — 

Ci)  Mucus,  which  gives  bile  its  sticky  character,  and  not  unfrequently  makes 
it  alkaline,  Is  the  product  of  the  mucous  glands  and  the  goblet  cells  of  the  mucous 
membrane  of  the  larger  bile  ducts.  When  bile  is  exposed  to  the  air,  the  mucus 
causes  it  to  putrefy  rapidly.     It  is  precipitated  by  acetic  acid  or  alcohol. 

[BUc  from  the  gall  blailder,  when  fourei!  from  one  vessel  into  another,  shows  the  presence  of 
tnticiii  in  the  form  of  thin  ihrcnds  connecting  the  fluids  in  the  two  vessels.  When  such  bile  is 
treated  with  alcohol,  it  no  longer  exhibits  thut  property,  but  flows  like  a  mm  viscid  watery  fluid. 
The  bile  formed  in  the  ultimate  bite  ducts  docs  not  seem  to  contain  mucin  or  mucus,  but  bile  from 
the  gall  bladder  aluays  does.  It  is  rormcd  from  the  mucous  glands  in  ihc  larger  bile  ducts 
(8  i73)-3 

{2)  The  Bile  Acids. — Glycocholic  and  taurocholic  acids,  so-called  conjuj^aie 
acids,  are  united  with  soda  (in  traces  with  potash)  to  form  glycocholate  and 
taurocholale  of  soda,  which  have  a  bitter  taste.  In  human  bile  (as  well  as  in  that 
of  birds,  many  mammals  and  amphibians),  taurocholic  acid  is  roost  abundant ;  in 
other  mammals  fpig,  ox)  glycocholic  acid  is  most  abundant.  These  acids  rotate 
the  plane  of  polarized  light  to  the  right. 

[The  bile  from  a  bilioi^'  Vistula  is  sometimes  not  bitter.] 

(d)  Glycocholic  acid,  C^H^XOt.  f  first  discovered  and  described  as  cholic  acid 
by  fiinelin,  and  tailed  by  Lchmann  glycot  holic  acid).  When  boiled  with  caustic 
jMjtash,  or  baryta  water,  or  with  dilute  mineral  acids,  it  takes  up  H,0  {Streckir)^ 
and  splits  into — 

Glydn  (  =  Glycocoll  —  Gelatin  Sugar  =  AiuiUoBCelic acid)  =  C,H.N03. 

+  Cholalic  acid  falso  called  Cholic  acid) ■=^j4"4B^^s« 

=  Glycocholic  acid  +  Water —  C^aHiiNO,  -f  H,0. 

{h)  Taurocholic  acid,  C-aH^NSO,,  when  similarly  treated,  takes  up  water 
and  splits  into— 

Taarin  (  =  Amido-scthyl'sulpharic  add)  =  C, H*NSO,. 

-t^Cholalic  acid ^C^^H^pOy 

=  Taurocholic  acid -f  WaUr   ....    =  Cj^H^^NSO,  +  Hj,0  (J^fr^fi^r). 

[Scludons  of  taurocholic  acid  are  antiseptic,  and  if  sufHcicntty  strong  interfere  witli  the  develop- 
ment of  t^acteria,  and  prevent  the  alcohohc  and  lactic  ferine ntaliuos,  as  well  as  the  Iryptic  and  dias- 
laiic  action  of  the  pancreas  (  Emitk\.'\ 

Preparation  of  the  Bile  Acids  —Bile  is  evaporated  to  ^  of  its  voltune,  rubbed  up  into  a 
SKLbtc  with  eicess  of  animal  charcoal,  and  dried  at  100°  C.  The  black  mass  is  extracted  with  abso- 
lute alcohol,  which  is  tilicre<l  until  it  is  clear.  After  a  part  of  the  alcohol  has  been  removed  by 
<b>tillAti<-n.  the  bile  sails  arc  precipitated  in  a  resinous  form,  and  on  the  addition  of  cxceu  of  ether 
there  \>  formed  immrdiattly  a  cr)s'^lline  mass  of  (;liinc'"K  "eedles  {Plainer' i  "  crystaHiteti  tih'*). 
1'he  alkaline  salL&  of  the  Ule  acids  are  freely  Koluble  in  water  or  alcohul,  and  inKotuble  in  ether. 
Seutra!  lead  acetate  precipitates  the  glycocholic  acid — as  lead  {^lycochulatc — from  the  solution  of 
both  ftolts;  the  precipitate  is  collcdcd  on  a  tilter,  dissolved  in  hot  alcohul,  and  ilie  lead  i»  precipi- 
tattxl  a»  lead  .sulphide  by  H  jS;  aHer  removal  of  the  lead  sulphide,  the  ad<titiun  of  water  precipitates 
the  isolated  glycocholic  acid.  If.  after  precipitating  the  lead  glycocholate,  the  filtiate  lie  treated 
uilh  bMu  lead  acetate,  a  precipitate  of  lead  taurochcilotc  \a  formed,  from  which  the  lead  may  be 
obtained  in  ihc  same  way  aa  described  above  iS/rtcler). 

When  human  bile  is  ^iroilarly  IreiUcd.  instead  of  the  "  cnstallized  bile."  a  tesinous  non-crystnl- 
llne  precipitate  is  obuined.  Boiling  with  bar>-ta  water  lAolaics  the  cholatic  acid  from  it,  which  v, 
obtained  from  \\s  baiium  salt  by  adding  hydrochluric  acid.  When  dissolx'ed  in  ether,  it  occurs  in 
tbc  fc^rm  of  priimatic  crjstal*  if  petroleum  ether  is  added.  Tlie  anthropocholic  acid  iCi.Hj.O^ 
— //.  £avrr),  so  obtained  is  not  soluble  in  water,  but  readily  so  in  alcohol,  and  rotates  the  ray  of 
ptilarticu  li};hl  to  ihc  left. 

With  regard  to  the  decomposition  products  of  the  bile  acids,  glycin,  as 
such,  does  not  occur  in  the  body,  but  only  in  the  bile  in  combination  with  cholalic 
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acid,  in  urine  in  combination  with  benzoic  acid,  as  hippuric  acid,  and  lastly,  in 

gelatin  in  complex  combination. 

Cholalic  acid  rotates  the  ray  of  polarized  light  to  the  right,  and  its  chemicaJ 
com|H>sttion  is  unknown  ;  j^rhaps  it  is  to  be  regarded  as  benzoic  acid,  in  which  a 
complex  of  atoms  similar  to  oleic  acid  is  introduced  i/foppc-SeyUr).  It  occurs 
free  only  in  the  intestine,  where  it  is  derived  from  the  splitting  up  of  taurocholic 
acid,  and  it  passes  in  part  into  the  f^ces.  It  is  insoluble  in  water,  soluble  in 
alcohol,  but  soluble  with  difficulty  in  ether,  from  which  it  separates  in  prism*. 
Its  crystallme  alkaline  salts  are  readily  soluble  in  water. 

Cholnlic  acid  is  replaced  in  the  bile  of  many  aniinaU  by  a  nearly  related  acid,  e.  g.^  in  ptg's  Ule. 
by  hyo  cholalic  acid  {Strttker,  l7undiach) ;  in  the  bile  of  the  goose,  cheno-chololic  acid  is  {trocot 
{Mamon,  Otfe). 

When  cholalic  acid  is  boiled  with  concentrated  HCI,  or  dried  at  200*  C,  it 
becomes  an  anhydride,  thus:  — 

Cholalic  acid    .    .  —  C,^H^oO^,  produces 

Choloidinic  acid  .  =  f^i***!**^*  -r  H,0,  and  thU  again  yields 

Dysl>sin   .    .    .    .  =C,4H,,0,  =  H,0. 

(Choloidinic  acid  is.  however,  tmprobabty  a  mixture  of  cholalic  acid  and  dyslysin;  dyt1)fiiii, 
when  fused  with  caustic  potash,  is  ch3nt;e<l  into  cholalate  of  potash — Hcppt-S^yttr'^.  If  anlhro- 
pocholic  acid  be  heated  to  185**  C,  it  gives  up  t  molecule  of  water,  and  yields  anlhrof>ochol-dy^]^ 
sin  \fiaycr). 

Ily  oxidation  cholalic  acid  yields  a  tritwiaic  acid,  as  yet  uninvestigated,  attd  a  fair  amonot  of 
oxalic  acid,  but  no  fatty  acids  {Cl^e). 

Pettenkofer's  Test. — The  bile  acids,  cholalic  acids,  and  their  anhydrides, 
when  dissolved  in  water,  yield  on  the  addition  of  ^  concentrated  sulphuric  acid 
(added  in  drops  so  as  not  to  heat  the  fluid  above  76°  C),  and  several  drops  of  a 
10  per  cent,  solution  of  cane  sugar,  a  reddhh-purpU  transparent  fluid,  which 
shows  two  absorption  bands  at  E  and  F  KSchenk).  [A  very  good  method  is  to 
mix  a  iz'x  drops  of  the  cane-sugar  solution  with  the  bile,  and  to  shake  the  mix- 
ture until  a  copious  froth  is  obtained.  Pour  the  sulphuric  acid  down  the  side  of 
the  test  tube,  and  then  the  characteristic  color  is  seen  in  the  froth.  Any  albumin 
present  must  bo  removed  before  applying  the  test.] 

According  to  Drechsel,  it  is  better  to  add  phosphoric  acid,  instead  of  solphnric  add,  until  tbe  fluid 
is  t-jTupy,  then  add  the  cane  sugar,  and  afterward  place  the  whole  in  t>uiling  water.  When  invest)- 
gating  tbe  amonni  of  bile  acidj  in  a  liquid,  tbe  albumin  inu«t  be  removed  beforehand,  at  it  (five* 
a  reaction  similar  to  the  bile  acids,  but  in  that  case  the  red  fluid  has  only  ^m  ali»urption  hand.  If 
only  small  '^juantities  of  btle  acids  arc  prcKnt,  the  duid  must  in  the  first  place  be  concentrated  by 
evaporation, 

[Hay's  Test  for  the  Bile  Acids. — This  (est  depends  on  the  fact,  recently  ascrrtmincd  hf 
Maithcw  Hay  in  ihe  course  of  an  invcsliiintitm  which  is  not  yet  completed,  that  the  bile  acids  or 
their  soluble  salts  have  a  remarkable  loxitring  efftct  oh  the  surfnce  trnsion  of  fluiiii  in  which  they 
are  dissolved.  One  part  of  glycoholic  or  taurocholic  acid  in  ioaxx»or  120,000  paa«  of  water,  per 
ccptibly  lowers  ihe  surface  tension  of  the  water,  and  the  Ifn*ering  is  ^crf  eviilcni  in  a  soltiiion  of  l 
in  10,000.  This  lowering  of  the  surface  Icnsion  can,  of  course,  be  measured  in  the  usuaJ  way  by 
means  of  a  capillary  tube.  But  Hay  propose*:,  as  a  much  more  conven  ent  method,  the  throwing  of 
a  small  quantity  of  sulphur  (sublimed  or  precipitated)  on  the  surface  uf  ihc  fluid  contiining  l»ile 
acids.  If  the  bile  acids  arc  present  in  crcafcr  proportion  than  i  in  5000  or  to,ooo,  the  sulphur  will 
at  once  l,>cgin  to  sink,  and  will  be  wholly  precipitated  within  one  to  two  or  three  minutes.  Precipi- 
totion  can  even  be  observed,  though  it  takes  place  much  more  slowly,  in  a  solution  of  i  in  130,000, 
especially  if  the  fluid  is  acidulated  with  a  drop  of  a  dilute  mineral  acid.  Thrown  00  water,  salphot 
does  not  sink,  even  after  a  week.  No  other  substances  in  the  body,  except  soaps,  have  the  savie 
action  as  the  bile  acids — at  least  in  an^ihin^  like  the  uime  deji^ree  :  and  soaps  can  t>e  readily  excluded 
from  the  fluid  under  examination,  either  by  prccipuaiion  with  calcic  or  baric  chloride  or  by  decom- 
position with  a  iiiincrul  acid,  the  earthy  salts  of  the  fatly  acids,  as  als**  the  liberated  acids  Ibemsdvcs. 
being  insoluble  in  w.iler.  Even  out«de  the  IkkIv,  May  has  a(^yct  found  no  sv]l>«ancrs,  besides  soaps, 
which  have  the  same  powerful  effect  on  the  surface  tension  as  the  bile  acids  have.  Hay  has  alrcMj 
u«cd  the  sulphur  test  wiih  success  f"r  the  detection  of  bile  acid?  in  urinr.  He  attaches  considerable 
importance  to  this  physical  property  of  tbe  bile  acids  in  their  r^t  in  digestion. — \PrivaUly  i^mmm- 
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The  origin  of  the  bile  acids  takes  place  within  the  liver.     After  its  extirpa- 
|tion  there  is  no  accuniulatiun  of  biliary  matters  in  the  blood  {ypA.  MuHer^  Kunde^ 
Afoieschittt). 

How  the  formation  of  the  nitrogenous  bile  acids  is  cflTectcd  is  quite  unknown.  They  must  be 
ol)tained  frum  the  decomposition  of  albuminous  oiaterUls,  and  it  is  important  to  note  that  the  amount 
of  bile  acid&  is  increased  by  albuminous  food. 

Tdurin  contains  part  of  the  sulphur  of  nlbumin;  bile  salts  contain  4  to  4.6  per  cent,  of  nilphur 
(f.  ypt'f),  which  may  perhaps  be  derived  from  the  stroma  of  the  diwolved  red  dIcxkI  corpusclcii. 

(3^  The  Bile  Pigments. — The  freshly  secreted  bile  of  ttian  and  many  ani- 
mals has  a  yellowish-brown  color,  due  to  the  presence  of  bilirubin  (S'/JJ/tfr). 
When  it  remains  for  a  considerable  time  in  the  gall  bladder,  or  when  alkaline  bile 
is  exposed  to  the  air,  the  bilirubin  absorbs  O  and  becomes  changed  into  a  green 
pigment,  biliverdin.  This  substance  is  present  naturally,  and  is  the  chief  pig- 
ment in  the  bile  of  herbivora  and  cold-blooded  animals. 

(ii)  Bilirubin  (C„HmNjO»),  is,  according  to  Stadler  and  Maly,  perhaps  united 
with  an  alkali  ;  it  crystallizes  in  transparent  fox-red  clino-rhombic  prisms.  It  is 
insoluble  in  water,  soluble  in  chloroform^  by  which  substance  it  may  be  separated 
from  biliverdin,  which  is  insoluble  in  chloroform.  It  unites  as  a  monobasic  acid 
with  alkalies,  and  as  such  is  soluble.  It  is  identical  with  Virchow's  haematoidin 
(§  «). 

Preparation. — It  is  inost  easily  prepared  from  the  red  (bilirubin  chalk)  gall  stonesof  man  or  ihe 
ox.  The  stones  ore  pounded,  and  their  ch&lk  dissoWed  by  hydrochloric  add;  the  pigment  is  then 
extracted  with  chlorofarm. 

Source. — That  bilirubin  is  derived  frtim  hiemog1o1>iii  is  very  probable,  conudering  its  identity 
with  hxmotoidin.  Very  probably  red  blood  corpuscles  are  dissolved  in  the  liver,  and  their  haemo- 
globin changrd  into  bilirubin. 

(*)  Biliverdin  {f/anti),  CmHmN.O,,  is  simply  an  oxidized  derivative  of  the 
former,  from  which  it  can  be  obtained  by  various  oxidation  processes.  It  is  readily 
soluble  in  aUokoly  very  slightly  so  in  ether,  and  not  at  all  soluble  in  chloroform. 
It  occurs  in  considerable  amount  in  the  placenta  of  the  bitch.  As  yet  it  has  not 
been  reiransformt-d  by  reducing  agents  into  bilinibin. 

Tests  for  Bile  Pigments. — Bilirubin  and  biliverdin  may  occur  in  other 
fluids,  ^-ji,'.,  the  unne,  and  are  detected  by  the  Gmelin-Heintz*  reaction. 
When  nitric  acid  containing  some  nitrous  acid  is  added  to  the  liquid  containing 
these  pigments,  a  play  of  colors  is  obtained,  beginning  with  ^een  (biliverdin), 
blue,  violet,  red,  ending  with  yellow.  [This  reaction  is  best  done  by  placing  a 
drop  of  the  liquid  on  a  tuhite  porcelain  plate,  and  adding  a  drop  of  the  impure 
nitric  acid.] 

(r)  If  when  the  blue  color  is  reached,  the  oxidation  process  is  arrested,  bilicymnin  {ffeymtiust 
Cam/ie//),  in  acid  solution  blue  (in  alkaline  violet),  is  obtained,  which  shows  two  Ul-dcfined  absorp- 
lioo  Dand%  near  D  (/<iff^). 

(«/>  Bilifuacin  occurs  in  small  amount  in  decomposing  bile  and  in  gall  stones  =:^  bilirabin 

(^1  BUipraain  [StS<f/fr)  alsi  occurs  =  Rilirubin  -f-  11,0  +  O. 

{/'}  Tl»e  yellow  pigment,  which  results  from  the  prolonged  action  of  the  oxidiring  reagent,  is  the 
choletelin  (C,4H,,N,Oj)  of  Maly;  it  is  amorphous,  and  soluble  in  water,  alcohol,  acids,  and 
alkalies. 

[Spectrum  of  Bils. — The  bile  of  carnivorous  animals  is  gcner&lly  free  from  absorption  bands, 
except  when  acids  arc  added  to  it.  in  which  case  the  band  of  bilirubin  is  revealed.  Bilirubin  and 
biliverdin  yield  characteristic  s|>eara  only  when  ihcy  are  treated  with  nitric  acid.  The  Inle  of  some 
aninuls  yields  l>anils,  but  when  this  is  the  case  they  arc  due  to  the  presence  of  a  derivative  of 
hjrmatin.  and  MacMunn  calls  this  body  Choloheematin,  which  gives  a  three-  or  fuur-bandcd  spec- 
irum  (ox,  sheep).] 

ig)  Hydro-bilirubin. — Bilrubin  absorbs  H  -\-  H,0  (by  putrefaction,  or  by  the 
treatment  of  alkaline  watery  solutions  with  the  powerfully  reducing  sodium  amal- 
gam;, and  becomes  converted  into  Maly's  hydro-bilirubin  (CmHuNjO;),  which  is 
slightly  soluble  in  water,  and  more  easily  soluble  in  solutions  of  sails,  or  alkalies, 
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Fig.  tK4. 


lamioAtcd. 


alcohol,  ether,  chloroform,  and  shows  an  absorption  band  at  ^,  F.  This  substance, 
which,  according  to  Haminarsten,  occurs  in  normal  bile,  is  a  constant  coloriog 
matter  of  fxce^,  and  was  called  stercobilin  by  Valulair  and  Masius,  but  is  iden- 
tical with  hydro  bilirubin  {Afa/y).  It  is.  however,  probably  identical  with  the 
urinary  pigment  urobilin  of  JafTe  {Sfokvis^  §  20). 

[The  bite  of  invcnebrates  cunlaius  noue  of  Uic  bile  pignicnls  present  in  Tcilefaraies,  altlioach 
lixmochromogeD  is  foucd  jii  the  crayfish  nn<l  pulmonoie  molluscs.  In  some  nrgaiu,  and  in  bile.  1 
pigment  like  vef;c(al>lc  chlorophyll — entero  chlorophyll— is  found,  hiu  whether  it  i»  derived  from 
wiihout  iir  formeci  within  the  orj;anism,  is  nol  cerlain  (.1/.i»-,1/www).] 

U)  Cholcsterin,  Cj«H„0(H,0).  is  an  alcohol  which  rotates  the  ra);  of  poUr- 

ized  light  to  the  left,  and  whose  constitution  is  un- 
known ;  it  occurs  also  in  blood,  yelk,  nervous  matter 
and  [^all  stones].  It  forms  transparent  rhombic 
plates,  which,  usually,  have  a  small  oblong  piece  cut 
out  of  one  corner  (Figs.  184,  and  144,  d).  It  is 
insoluble  in  water,  soluble  in  hot  alcohol,  in  ether 
and  chloroform.  It  is  kept  in  solution  in  the  bile 
by  the  bile  salts. 

Preparation. — It  is  most  easily  prepared  from  socalletl  while  gall  stones,  which  not  unfrequenlly 
connit  almost  entirrly  of  cholcsterin.  by  cxtracliiiK  them  with  hui  alcohol  after  they  arc  pulverized. 
Crystals  arc  excreted  after  evaiwraiion  of  ihe  alcohol.  Tests.— They  give  a  red  color  wilh  m1- 
phuric  acid  (5  vol.  to  i  vol.  HjO—.Vo/'jMtf//).  while  they  give  a  blue — ai  cellulose  (loc» — witti 
sulphuric  acid  and  iodine.  When  dissolved  id  chlurafcu^m,  one  drop  of  concentrated  sulphuric  acid 
causes  a  deep  red  color  {//.  Sehiff). 

(5)  Among  the  other  organic  constituents  of  bile  are  :  Lecithin  {%  z^),  or 
its  decomposition  product,  ncurin  (cholin),  and  glycero- phosphoric  acid  (inio 
which  lecithin  may  be  artificially  transformed  by  boiling  with  baryta) ;  Palmittn, 
Stearin,  Olein,  as  well  as  their  soda  soaps ;  Diastatic  Ferment  {Jh^o/ism, 
J',  Witfiih);  iracesof  Urea  iPicani )\  (in  ox  bile,  acetic  acid  and  propionic  acid, 
united  with  glycerine  and  metals,  Dogiet), 

(6)  Inorganic  constituents  of  bile  (0.6  to  \  pwr  cent.)  : — 

They  are — ividium  chluridc,  |>ota&sium  chloride,  calcic  and  matjnesic  phosphate  and  much  iron, 
which  in  fresh  tnle  gives  the  ordinary  reactions  for  iron,  so  that  irun  must  occur  in  one  of  its  oaij. 
iced  compounds  in  the  Inle  {^Kunkel)\  manganese  and  silica.  Gases. ^Freshly  secreted  bile 
contains  in  Ihe  <1og  more  than  50  vol.,  and  in  the  rabbit  109  vol.  per  cent.  CO,  (/'^ii^^er,  Hvgul/U' 
ii'w,  CAar/rs),  partly  untied  in  alkalies,  partly  absurlied,  the  laUcr,  however,  being  almost  com- 
pletely absTirbcd  within  the  gall  bladder. 


The  mean  composition  of  human  bile  Is :  - 

Water 82  to  90  per  cent. 

Bile  Salts 6  to  11       " 

Fats  and  Soaps  ....    3  " 

Cholcsterin 0.4  " 


I  ecitbin 0,5  jxr  cent. 

M  uctn    ..,.,,,.,  I  10  3  " 
Ash 0.61      " 


Fonhcr,  unchanged  fat.  probably,  always  passes  into  the  bile,  but  is  again  absorbed  chcrerrom 
( t-'in-ii*w).  The  amount  of  S  in  ilry  dojj's  bile  =  28  to  3.1  per  cent.,  ihc  N  =  7  to  10  iicr  eciit 
(Sfiiro):  the  sulphur  of  the  bile  is  not  oxidized  into  sulphuric  acid,  but  it  appears  as  a  wlpbar 
compound  In  the  urine  {A'unJb/l,  v.  Voit). 

178.  SECRETION  OF  BILE.— (i)  The  secretion  of  bile  is  not  a 
mere  filtration  of  substances  already  existing  in  the  blood  of  the  liver,  but  it  is  a 
chemical  production  of  the  characteristic  biliary  constituents,  accompanied  bjr 
oxidation,  within  the  hepatic  cells,  to  which  the  blood  of  the  ^land  only  supplies 
the  raw  material.  The  liver  celts  themselves  undergo  histological  changes  during 
the  process  of  digestion  {Ileidtnhaitty  Kayser).  It  is  secreted  continually  ;  but 
part  is  stored  up  in  the  gall  bladder,  and  is  poured  out  copiously  during  digestion. 
The  higher  temperature  of  the  blood  of  the  hepatic  vein,  as  well  as  the  large 
amount  of  CO,  in  the  bile  {PflH^tr^,  indicate  that  oxidations  occur  within  the 
liver.  The  water  of  the  bile  is  not  merely  filtered  through  the  blood  capillari 
as  the  pressure  within  the  bile  ducts  may  exceed  that  in  the  portal  vein. 
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(2>  The  quantity  of  bile  was  estimated  by  v.  Wiltich,  from  a  biliary  fistula, 
at  533  cubic  centimetres  in  twenty-four  hours  (some  bile  passed  into  the  intcstinej ; 
by  Westphalen,  at  453  to  566  grm.  [by  Murchison,  at  40  oz.l  ;  by  Job.  Ranke, 
on  a  biliary-pulmonary  fistula,  at  653  cubic  centimetres.  Tne  last  observatioD 
gives  14  grm.  (with  0.44  grm.  solids)  per  kilo,  of  man  in  twenty  hours. 


I  kilo,  dofi,  32  grm.  (1,2  solids)— A^//i>(fr,  H.  MQller)\ 
;    I   kilo  guinctt  pig,  176  grm.   ^5.2  solids) — \Bidder  and 


Afulogoas  voliiK  for  aniniBls  are— 
I   kilo,  rabbit,  137  gim.   (2-5   solids) 

(3)  The  excretion  of  bile  into  the  intestines  shows  two  maxima  i/u ring  one 
ftriod  of  digestion:  the  first,  from  three  to  five  hours,  and  the  second,  from  thir- 
teen to  fifteen  hours  after  food.  The  cause  is  due  to  simultaneous  reflex  excite- 
ment of  the  hepatic  blood  vessels,  which  become  greatly  dilated. 

(4)  The  influence  of  food  is  very  marked.  The  largest  amount  is  secreted 
after  a  flesh  diet,  with  some  fat  added  ;  less  after  vegetable  food ;  a  very  small 
amount  with  a  pure  fat  diet ;  it  stops  during  hunger.  Draughts  of  water  increase 
the  amount,  with  a  corresponding  relative  diminution  of  the  solid  constituents. 
fThc  biliary  solids  are  increased  by  food,  reaching  their  maximum  about  one  hour 
after  feeding]. 

(5)  The  influence  of  blood  supply  is  variable: — 

(a)  Sccretiun  i»  i^callv  favured  by  a  cupinus  und  rapid  blood  supply.  The  blood  prc&sure  is  not 
the  prime  facinr,  u  l^ature  of  the  cavn  above  the  (tiaphragm,  whcrel:^  the  greatest  blood  pressure 
occtm  in  the  liver,  arrests  the  &ecrelion  {//eitft-nAain). 

{6)  SiinulUi)cou<t  ligature  of  the  hepatic  artery  (djaincler,  $J^  mm.)  and  the  portal  vein  (diameter, 
16  min. )  at>u]i!ihek  the  secretion  (RSkrig).  These  two  vessels  &upi)ly  the  raw  nialenal  Tor  the  secre- 
lioo  of  bile. 

{cf  If  the  he|iatic  artery  be  ligatared,  ihc  portal  vein  alone  sDpports  the  secretion  {Simon^  Sthiff, 
SekmHUwitsih,  Asf\.  According  to  Kotimeier,  Bet/,  Cohnheim,  and  Litteu,  ligature  of  the  artery 
Of  ooe  of  its  brajiches  ultimately  cauKS  necrosis  of  the  parts  supplied  by  that  branch,  and  eventu- 
alfy  of  the  entire  liver,  as  this  artery  is  the  nutrient  vessel  of  the  liver. 

\d)  If  the  branch  of  the  portal  vein  ti>  the  lot>e  be  ligatured,  there  is  only  a  slight  secretion  in 
ttiax  U*lie,  fco  titat  ihe  bile  must  tie  formed  from  the  arterial  blood  [Sihmulnvilsik  and  Asp).  Com- 
plete  ligature  nf  the  portal  vein  rapidly  causes  death.  [The  blood  pressure  falls  rapidly  and  the 
idood  »'cuniul.ates  in  the  blood  vessel !i  of  ihe  abdomen.  In  fact,  the  accumulation  of  the  blood 
within  (he  al>domcn  takes  place  to  so  great  an  extent,  that  practically  the  animal  is  bled  into  ita 
o«-n  abdomen  {\  87).] 

Neither  ihe  ligature  of  the  hepatic  artery  by  itself  (-Vf^yT.  lie(i\,  nor  the ;<^ri7f/N<i/ obliteration  of 
the  portal  vein  by  iisclf.  causes  the  ccuation  of  the  secretion,  but  it  is  diminished.  That  sudden 
li^iurc  of  t)ie  portal  vein  causes  cess;>tion  is  explained  by  the  fact,  that  in  addition  to  diminution  of 
the  secretion,  the  enormous  stagnation  of  blnod  in  the  T(K>tle(s  of  the  portal  vein  in  the  abdominal 
organs  makc«i  the  liver  very  anaonic,  and  thus  prevents  it  from  secreting. 

\e)  If  the  I'lood  of  the  lie)mic  artery  is  allowed  to  poM  into  the  portal  vein  (which  has  been  liga- 
tared  on  the  peripheral  side),  secretion  conlmues  {Schiff). 

{/)  FYofusc  Itiu  of  blood  arrests  the  secretion  of  the  bile,  liefore  the  muscular  and  nervous  appa- 
faius  lieconie  paralyzed.  A  more  copious  >upply  of  blood  to  other  organs — e.j^.,  to  the  muscles  of 
the  tnink— during  vigorous  exercise,  diminishes  the  secretion,  while  the  transfusion  of  large  quan- 
tities of  blood  increaaea  it  \Landois\  ;  but  if  loo  hi^h  a  pressure  is  c.iu<ied  in  the  portal  vein,  liy 
tolimjuciog  blood  from  the  caralirl  of  another  aniinal.  it  is  diminished  (//ndenAain). 

(£)  The  Influence  of  Nerves. — AM  conditions  which  cause  contraction  of  the  abdominal 
blood  vessels,  e.^.,  siiniutatioii  of  the  ansa  Vicuu»enii.uf  the  inferior  cervical  ganglion,  of  the  hepatic 
nenes  [A/anassiew],  of  the  splanchnics,  of  the  spinal  cnrd  jeilher  directly  by  strychnia,  or  reflexly 
ibmu^h  Mimulolion  of  sensory  nerves)  affect  the  secretion ;  and  so  do  all  conditions  which  cause 
siagruitiou  or  cungeition  of  the  blood  in  the  he|>aiic  vessels  (section  of  the  splanchnic  nerves,  diabetic 

tuOLturr,  \   175).  section  of  the  cervical  sjanal  cord   {J/eidenAain).      Taralysis   (ligature)  of  the 
epatic  nerves  causes  ,1/  firs/  an  increase  of  the  biliary  secretion  {A/itnassi/w). 
\i)  Portal  and  Hepatic  Veins. — With  re^^ard  to  the  raw  nialerial  supplied  tn  the  liver  by  its 
blood  vesMrls,  il  is  important  to  note  the  dilfercn^c  in  the  composition  nf  (he  blood  nf  Ihe    hepatic 
and  jKirtal  veins.     The  blood  of  the  h<|Kilic  vein  conta)ii.i   more  rugar   (?),  lecithin,  cholesterin 
(Vresdcff').  and  blood  cor|>usclcs.  but  /eii  albumin,  fibrin,  hLViooglobin,  fat,  water,  ami  salts. 

[{H  utfelmann  observed  that  (he  How  of  tnle  from  a  person  with  a  biliary  fistula  was  arrested 
during  fever.] 

(6}  The  formation  of  bile  is  largely  dependent  upon  the   decomposition  of 
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red  blood  corpuscles,  as  they  supply  the  material  necessary  for  the  formation 
of  some  of  its  constituents. 

Hence,  all  conditions  which  cause  solutiou  of  the  colored  blood  corpuscles  Are  accompanied  bv 
an  increased  formation  of  bile  (^  i8o). 

(7)  Of  course  a  normal  condition  of  the  hepatic  cells  is  required  for  a  normal 
secretion  of  bile. 

Biliary  Fiatulc — The  mechanism  of  the  Inliary  secretion  is  studied  ui  urimals  by  meam  of 
biliary  fistula.  Schwann  opened  the  belly  by  a  verticil  incision  a  little  to  the  right  of  the  tsaiktm 
process,  cut  into  the  fundus  of  the  gall  bladder,  and  •tewed  its  margins  tu  the  edges  of  the  wouad  in 
the  ntxlomen,  and  afterward  introduced  a  cannnU  into  the  wound  (Fig.  1S5).  As  a  rule,  all  the 
bite  18  discharged  externally;  bat  to  be  quite  certain  that  this  is  so,  the  common  bile  duct  ought  to 
be  Lied  between  two  ligatures,  and  divided.  Afler  arislula  is  freshly  made  the  secretion  falls.  This 
depends  upon  the  removal  of  the  bile  from  the  body.  If  bile  be  supplied  the  secretion  is  increased. 
KcgeneiaLion  uf  tlie  divided  bile  duct  may  occur  in  dogs,  v.  Wittich  oljserved  a  litliaxy  fistuU  in 
man.  [A  temporary  biliary  fistula  may  also  be  made.  The  abdomen  is  opened  in  the  same  way 
OS  described  above.  A  long,  bent  gloss  cannula  is  introduced  and  tied  into  the  common  bile  duct, 
and  the  cystic  duct  is  ligatured  or  cUmperl  ( Fig.  185).  The  lube  is  brought  out  thrtmgh  the  woond 
in  the  abdomen,     Necessarily  all  the  bile  must  be  discharged  by  the  lube.] 

[Influence  of  the  Liver  on  Metabolism. — If  the  liver  be  excluded  from  the  circulaiion, 
remarkable  clianges  must  necessarily  occur  in  the  metabolism.  In  birds  (ihe  goose  especially  I, 
there  is  an  anastomosis  between  the  portal  system  of  the  liver  nitd  that  of  the  kidneys,  so  that  when 
the  portal  circulation  is  interrupted  in  these  animalfl,  there  is  never  any  great  cungcsiion  In  the 
abdominal  organs.     The  goose  dies  generally  eight  to  ten  hount  after  the  openUion.     The  arrir  aaJ 

Hg.  185. 


Schwans't  permaoeal  fntiita,  ami  a  iemporar]r  tittuta,     AM.  nh'liimiiMl  wall 
INT|  iotettine,  T,  tube  in  temporary  fMtulx  \Stirling). 


UB.gall  bUddcr: 


in  the  urine  rapidly  falls  tn  ;i  minimum  ( jij  to  j*^  of  normal) ;  the  chief  constituent  of  the  arnie  Is 
then  sarcolactic  acid,  while  in  normal  urine  there  is  none  ;  the  ammonia  is  inaeaaed  (it/iMi#Htrii). 
This  experiment  goe«  to  indicate  that  uric  acid  is  formed  in  the  liver.] 

[Dog. — U  the  liverbc  excluded  from  the  portal  circulation  by  connecting  the  pKiftal  vein  with  the 
inferior  vena  cava,  and  ligaturing  the  hepatic  artery,  a  dog  will  live,  in  the  former  case  three  Id  sik 
days  and  in  the  loiter  one  to  two.  The  liver  does  not  undergo  necrosis,  nor  does  bile  cease  to  be 
secreted.  The  liver  is  nourishe<l  by  the  blrxid  in  the  hepatic  vein,  the  reflux  in  this  vein  IreiDg  proi^>- 
ably  caused  by  the  respirainr)-  movements  (Sfolmkow).  Noel  Paton  finds  that  in  dogs,  in  a  coodi- 
lion  of  nitrogenous  balance,  some  drugs  which  increase  the  How  of  bile  (ri,'.,  salicylate  and  l^eniaaie 
of  soda,  cnlchicum,  perchloHdc  of  mercury,  and  euonymin),  also  increase  the  pnxluction  of  urea  \ 
hence,  he  concliulrs  that  the  formation  of  urea  ill  the  liver  bejirs  a  very  direct  relationship  to  the 
secretion  of  bile  (g  256).] 

X79.  EXCRETION  OF  BILE.— In  connection  with  the  excretion  of  bile, 
we  must  keep  in  view  two  dislim  t  mechanisms.  (1)  The  bile-secreting  mech- 
anism dependent  upon  the  liver  rdts,  which  are  always  in  a  greater  or  less  degree 
of  activity;  (2)  the  bile-expelling  mechanism,  which  is  specially  active  at  cer- 
tain periods  of  digestion  (§  178). 

Excretion  of  Bile  occurs — (i)  owing  to  the  continual  pressure  of  the  newly- 
formed  bile  within  the  interlobular  bile  ducts  forcing  onward  the  bile  in  the  ex- 
cretory ducts. 

(2)  Owing  to  the  interrupted  periodic  compression  of  the  liver  from  above*  by 
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the  diaphragm,  at  every  inspiration.  Further,  every  inspiration  assists  the  flow  of 
blood  in  the  hepatic  veins,  and  every  respiratory  increase  of  pressure  within  the 
abdomen  favors  the  rurrent  in  the  portal  vein. 

It  is  prubable  that  the  diininuilon  of  ihe  secretion  of  bile,  which  occun  after  bilateral  division  of 
ihe  vagi,  i»  to  be  explained  in  ihis  way  ;  still  il  i*  lo  be  remembered,  that  the  vagus  sends  branches 
lo  the  hepatic  plexu&.  It  is  not  decided  whether  the  biliary  excretion  is  diminished  after  section 
of  the  phrenic  nerves  and  paralysis  of  the  abdominal  muscles. 

(3)  Owing  to  the  contraction  of  ihe  smooth  tnuscUs  of  the  larger  bile  ducts  and 
the  gall-bladder.  Stimulation  of  the  spinal  cord,  from  which  the  motor  nerves 
for  these  structures  pass,  causes  acceleration  of  the  outflow,  which  is  afterward 
followed  by  a  diminished  outflow  (Hriifrnhain,/.  Munk).  Under  normal  condi- 
tions, this  stimulation  seems  to  occur  reflexly,  and  is  caused  by  the  passage  of  the 
ingesta  into  Ihe  duodenum,  which,  at  the  same  time,  excites  movement  of  this 
part  of  the  intestine. 

(4)  Direct  stimulation  of  the  Hver  {Pftuger)^  and  reflex  stimulation  of  the 
spinal  cord  (.^(5Arr|i^),  diminish  the  excretion;  while  extiriiation  of  the  hepatic 
plexus  {Pftu^fr)^  and  injury  to  the  floor  of  the  fourth  ventricle  do  not  exert  any 
disturbing  influence  {HeUtnhain). 

fj)  S.  relatively  small  amount  of  resistance  causes  bile  to  stagnate  in  the  bile 
ducts. 

Secretion  Pressure. — A  manometer,  tied  into  Ihe  {jail-bladder  of  a  guinea  pig,  suppnns  a 
column  of  200  millimclrcs  qX  tenter  ;  and  secretion  can  take  place  under  this  pressure  [HeUrnhain, 
friedliinder ,  Bnristh).  If  this  pressure  be  increased,  or  loo  long  sustained,  the  watery  bile  passes 
from  the  liver  into  the  blood,  even  to  the  amount  of  four  times  the  weight  of  the  liver,  thus  caus- 
ing solution  of  the  red  blood  corpuscles  by  the  absorbed  bile ;  and  very  soon  thereafter  hxmoglobin 
sp|tcars  tn  the  unne.  [This  fact  is  of  ptaclical  importance,  as  duodenitis  may  give  rise  to  symptoms 
of  jauitdice,  the  resistance  of  the  inllAmed  mucous  membrane  being  suflicienl  to  anest  the  ouldow 
of  bile.] 

180.  REABSORPTION  OF  BILE;  JAUNDICE.— I.  Absorption  Jaundice.— When 

sn  impcdiiueni  or  resistance  is  ulfcrcd  to  the  outtlow  of  bile  into  the  intestine,  e.  n-,  by  a  plu^  of 
luucu^,  or  a  gall  stone  which  occludes  the  bile  duct,  or  where  a  tumor  or  pressure  from  without 
makes  it  impcr\'ious — the  bile  ducts  become  filled  with  bile  and  cause  an  enlargement  of  the  liver. 
The  pressure  within  the  bile  ducts  is  incrcasctl.  As  soon  as  the  pressure  has  reached  a  certain 
aiboiinl,  which  it  soon  does  when  the  bile  duct  is  occluded  (ui  the  dog  275  mm.  of  a  column  of 
liile — AfananifU') — rcabsorfition  of  bile  from  the  distended  larger  bile  ducts  lakes  place  into  the 
lympkatHi  (not  the  blood  vessel*)  of  the  liver  {SauHtitrs,  7795) ;  the  bile  acids  pass  into  the  lym- 
phaiicft  of  the  liver.  [The  lyinplmtics  can  he  seen  at  (he  porta)  fissure  hlled  with  a  deep  yellow* 
coturcd  lymphj  The  lymph  passes  intothe  thoracic  duct, and  so  into  the  blood  {Fltischt^  Kunkti, 
Kufferath^.  Even  when  the  pressure  is  very  low  wjihin  the  portal  vein,  WIe  may  pass  into  the 
btood  without  any  ottstructlon  to  the  bde  duct  beini;  present.  This  is  the  case  in  hterus  ntona- 
/tfnaw.  as  after  li(;.iture  nf  the  umbilical  cnl  no  more  blood  passes  throu^li  the  umbilical  vein ; 
further,  in  the  ict-riis.  of  himncr,  "hunjicr  jnundice"  as  the  portal  vein  is  relatively  empty,  ouing 
10  the  feehic  al>^«»ri4uin  from  the  iniwiinal  canal  \Ci.  fttmarii,  l-'df,  A'aunyn). 

II.  CholKmia  may  also  occur,  owing  to  the  excessive  production  of  bite  (liypcrcholia),  the  bile 
n(4  lietn^  all  ekcrelcd  into  the  inie-tine.  so  that  port  of  it  is  reabst>rbed.  This  takes  place  when 
there  is  solution  of  a  great  number  of  blood  oirpusclcs  (3  17S,  6),  which  yield  niaicrial  for  the  fot- 
maiion  of  bile.  Thick,  inspissated  bile  accumulates  in  the  bile  ducts,  so  that  stagnation,  with  sub- 
ce(|a«nt  real>surp(ion  of  the  bile,  takes  place  {A/anassirw).  The  transfusion  of  heterogeneous 
blood  by  dissolving  coloreti  bloofl  corpuscles  ads  tn  this  dircaion.  Icterus  is  a  common  phc- 
nomrn'iii  after  too  copious  transfusion  of  the  same  blood.  The  blood  corpuscles  are  dissolved  by 
the  injection  into  the  hlnnd  of  heterogeneous  blood  serum  {Laniiois)  by  the  injection  of  bile  acicts 
into  the  vessels  [freriffis),  and  by  other  salts,  by  phosphoric  acid,  water  {//ermatin\t  chloral, 
tnhalaiittii  of  chloroforni  and  ether  (AWAwrt^v/,  BerHiUin) ;  the  injection  of  dissolved  hiunioglubin 
into  the  ariencs  \A'iiAnr),  or  into  a  loop  of  the  small  intestine   acts  in  the  same  way  {XaunyH). 

Icterus  Neonatorum. — When,  owing  to  compression  of  the  placenta  wiihin  the  uterus,  Ion 
ipuch  til'Hjd  IS  furced  into  the  bluod  vessels  of  the  newly-born  infant,  a  pari  of  the  surplus  blood 
(luring  the  first  (ew  days  becomes  dissolved,  |tart  of  the  htemoglobin  is  converted  into  bdintbin» 
thus  caiutug  jaundice  (  VirrApw,  I'iottt). 

Absorption  Jaundice. — When  the  jaundice  is  caused  by  the  absorption  of 
bile  already  formed  in  the  liver,  it  is  called  hepatogenic  or  absorption  jaundice. 
The  following  »re  the  symptoms: — 
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Phenomena. — (i)  Bile  pigments  an^l  bile  acids  pass  into  the  tissues  of  the  body;  hence, tbc 
most  pronounced  external  symptom  is  the  yellowish  tint  or  janmiut.  The  skin  and  Ibe  Kkreuc 
became  deeply  colored  yellow.      In  pregnancy  the  fcrlu«  is  also  tinged. 

(2)  Dile  pigments  and  bite  acids  pniut  into  the  urine  (not  into  the  saliva,  tears  or  mucuf),  sa4 
their  pre<(ence  is  aACertained  by  the  usual  tests  {\  t77)-  When  there  i»  much  bile  pigment, the 
urine  xs.  colored  a  deep  yellowish  brown,  and  \\s>  froth  is  citron-yellow  ;  while  strips  of  geUiia  or 
paper  dipped  into  it  also  became  colored.  Occasionally  bilirubin  (^  biematoidin)  crystals  occar  io 
the  urine  \\  266). 

(3)  The  fsces  ^^^daycohrdi^"  (because  the  hydro-bilirubin  of  the  bile  is  absent  from  the 
fxcal  matter  ) — very  hard  (because  the  fluid  of  the  bile  il(>c*»  not  iiaAi  into  the  intestine) ;  contsio 
much  fat  (iu  );li]biilcs  and  crystals),  because  tlie  fat  is  nut  sufhciently  digested  in  ihe  intestine  with, 
out  bile,  so  that  mure  than  60  per  cent,  of  the  fat  taken  with  the  fiXKl  reapi>ears  in  the  fircc»  (r. 
VaU\\  they  have  a  very  diia^rteablt  odor,  because  Ulc  normally  greatly  limits  Ihe  putrefaction  in 
the  intcsiine.  [v.  Voit  linds  that  putrefaction  does  not  take  place  if  fats  be  withheld  from  the 
food.]  The  eraruaiioH  of  the  ftrcej  occurs  j/(»w/i',  partly  owing  to  the  hardness  of  the  &ccc«. 
panly  because  of  the  absence  of  the  peristahic  movements  of  the  intestine,  owing  to  the  want  of 
the  stimulating  action  of  the  tvle. 

(4)  The  heart  beats  are  generally  diminished,  e.g.,Xo  40  per  minute.  This  is  doe  lo  the 
action  of  the  bile  sails,  which  at  6rsl  stimulate  the  cardiac  gangha,  and  then  weaken  them.  The 
injection  of  bile  sahs  into  the  heart  produces  at  Hrsl  a  temporary  accelemion  of  the  puUe  1 1.tu 
dots),  and  aftcrwanl  slowing  (A'Mn^'-)  The  same  occurs  when  they  arc  injected  into  the  blnod, 
but  in  this  cose  the  stage  of  excitement  is  very  short.  The  phenomenon  is  not  aflfecied  by  secticn 
of  the  vagi.  It  is  probable,  thai  when  the  action  of  the  bile  salts  is  long  continued  they  act  opoa 
the  hean  mascle  (  Trauhr).  In  addiiiun  Iu  the  action  on  the  heart,  there  is  slowing  of  the  rtapi* 
ration  and  diminution  of  temperature. 

(5)  That  Ihe  nervous  system,  and  perhaps  also  the  muscle*,  are  affected,  either  by  the  bile 
salts  or  by  ihc  accumulatian  of  cholestcrin  in  the  blood  [fliat.  A'.  Afiiiirr),  is  »huwn  by  the  very 
general  relaxation.  :>ensilion  of  fatigue,  wcaknetis  and  drowsiness,  lo&tly  deep  coma  ^sometimes 
there  \s  sleeplessness,  itchin&'^s  of  the  skin,  even  mania,  and  spasms.  Ldwit,  after  injectiirg  Irile 
into  aitiniaU,  ubscrvcd  phenomena  referable  lo  stitnulatiou  of  the  respiratory,  coidio-inhibitory,  and 
vasomotor  nerve  centres. 

(6)  In  vtxy  pronounced  jaundice  there  may  be  **yfltam  xnsiaH  "  {Lucretius  Canu),  owii^;  to  the 
impregnation  uf  the  retina  and  macula  lutea  with  the  bile  pigment. 

(7)  The  bile  acids  in  the  blood  dissolve  the  red  hlocxl  coriiU<.cles.  The  hiemoGlobin  U  chugcd 
into  new  bile  pigment,  and  the  globuIin-Iikc  Ixvly  of  the  h.Tmoglobin  may  form  urinary  cyhndets 
or  casts  in  the  urinary  tubules,  which  are  ultimately  washed  out  of  the  tubules  by  the  urine  (vW4- 
nagfl). 

Passage  of  Substances  into  the  Bile. — Various  substances  pass  into  the  bile,  such  suljstances 
being  in  the  blood.  vi2.,  the  metals  (:■.  Sarloris,  Afok$ihcim,  Orfila) — copper,  lead.  /inc.  nickel, 
silver,  bismuth  ( Wicherf)^  arsenic,  aiuimony,  iron ;  these  sulistances  are  also  dcjxititcd  in  tlif 
hepatic  tiss^ucs.  Potassium  iodide,  bromide,  and  sulphocyaniile  (/Vi/vr),  and  turpentine  also  pass 
into  the  bile,  and,  to  a  less  degree,  cane  sugar  and  grape  sugar  ( iT/ivj/c/-) ;  sodium  salicylate,  tod 
carbolic  acid  {Peipfr).  If  a  large  amount  of  water  1%  injected  into  the  bloo<],  the  btle  brcomes 
albuminous  ^MoiUry,  mercuric  and  mercurous  chlorides  cause  an  increase  of  the  water  of  the  bile 
(G.  Scott).  Sugar  has  Itecrn  found  in  the  bile  in  diabetes;  leucin  and  tyrosin  in  typhus,  lactic  acid 
and  albumin  in  other  {lathological  cnnditions  of  this  Huid. 

[Influence  of  Drugs  on  the  Secretion  of  Bile.— Two  methods  are  adopted,  one  In-  meam 
of  permanent  Bstula;,  and  the  other  by  cslabhshing  temporary  fistula:.  The  latter  is  the  muM  saijs- 
faClory  meth^id,  an'l  the  experiments  are  usually  made  un  fasting  cuniriied  do;^s.  A  suitable  cannaU 
ts  intmluced  into  the  common  bile  duct  (Fig.  1H5)  the  animal  iacurarized,aitihcial  resfiiratton  t>rin$ 
kc|it  up,  while  the  drug  is  injected  into  the  "tomach  ur  intestine.  RiShrig  used  this  method,  which 
was  improved  by  Rutherford  and  Vignal.  RiShrig  fuuiid  tliat  some  purgatives,  croto't  oil,  culocynth, 
alap,  aloes  rhulurb,  senna,  and  other  substances,  increased  the  secretion  of  bile.  Rutherford  and 
ignol  investigated  the  actiou  of  a  lai^c  number  of  drugs  on  the  bile-secreting  mechaniam. 
I'hcy  found  that  croton  oil  is  a  feeble  hep.-itic  stimulant,  while  podophyllin,  aloes,  colchicom, 
eunnymin,  iridin,  sanguinarin,  ifiecacuanha,  colocynth,  sodium  pho-iplule.  phytolaccin,  sodium  ben- 
zonie,  sodium  salicylate,  dilute  nitrohydrochloric  acid,  ammonium  phosphate,  mercuric  chloride  |  cor- 
rosive sublimate ),  are  all  powerful,  or  very  considerable,  hepatic  stimulants.  They  found  that  loine 
sulistances  stimulate  the  intestinal  glands,  but  not  the  liver,  r.  ^.,  magnesium  sulphate,  ca.«tncr  oil. 
gamboge,  ammonium  chloride,  manganese  sulphate,  calomel.  Other  substances  stimulate  the  liver 
a«  well  as  the  intestinal  glands,  although  not  to  the  same  extent,  e.  g.^  i-cammony  (powerful  intes- 
tinal, feeble  hepatic  stimulant);  colocynth  excites  lx>th  p<iwerfuUy  ;  jalap, sodium  sulphate, Itapttitn, 
act  with  considerable  power  both  on  the  liver  and  the  intestinal  glands.  Calabar  bean  stimulates 
the  liver,  and  the  increased  secretion  caused  thereby  may  be  reduced  by  sulphate  of  atrcmn« 
although  the  latter  drug,  when  given  alunc,  dues  not  notably  affect  the  secretion  of  the  bile.  Th« 
injection  of  water  or  bile  slightly  increases  the  secretion.  In  all  cases  where  purgation  was  pn>- 
duced  by  purely  intestinal  stimulants,  such  as  magnesium  sulphate,  gamboge,  and  cattor  oil,  the 
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or  hile  was  diminished.     In  all  such  expcrimenis  it  is  most  important  that  the  temptrature 
'ike  animal  bt  kept  up  \>y  covering  it  with  cotton  wuol,  else  the  secretion  of  bile  diminishes. 
rhViss  resuhs  on  dogs  differ  considcraUy  from  those  of  Rutherford.     He  asscits  that  only  the  )>ile 
scids  (sails),  of  all  the  substances  he  investigated,  exciie  a  prompt  and  distinct  cholagogue  action,] 

[As  jrct  we  cannot  say  definitely  whether  these  substances  stimulate  the  secretion  of  bile,  hy  ex* 
citing  the  mucous  membrane  of  the  duodenum  or  other  part  of  the  small  inte*|ine,  and  thereby 
inducing  reflex  excitement  of  the  liver.  Their  action  does  not  seem  to  be  due  to  increase  of  the 
blood  stream  through  the  liver.  More  probelily,  as  Rulherford  suggests,  these  drugs  act  directly  on 
the  hepatic  celU  or  their  nerves,  Acetite  of  lead  directly  depresses  the  biliary  secretion,  while  some 
substances  affect  it  indirectly.] 

Choleatereemia. — Flint  a>-cribes  great  importance  to  the  excretion  of  cholestcrin  by  the  bile, 
with  reference  tu  the  metabolism  of  the  nervous  ^stem.  Cholesterin,  which  i.<i  a  normal  ingredient 
of  nervous  tiisuc,  is  excreted  l>y  the  bile ;  and  if  it  be  retained  in  the  blood  **  cholesterzmia/ '  with 
grave  nervous  sunptoms,  is  siid  to  occur.  This,  however,  is  pn^btematical,  and  the  phenomena 
described  are  probably  referable  to  the  retention  of  the  hile  acids  in  the  blood. 

i8i.  FUNCTIONS  OF  THE  BILE.— [(i J  Bile  is  concerned  in  the 
digestion  of  certain  food-stuffs ;  (a)  part  of  it  is  absorbed  ;  (3)  part  is  excreted.] 

(A)  Bile  plays  an  important  part  in  the  absorption  of  fats: — 

(i;  It  emuUionizes  neutral  fats  (§  170,  III),  whereby  the  fatty  granules  pa.ss 
more  readily  through  or  between  the  cylindrical  epithelium  of  the  small  intestine 
into  the  lacteals.  It  does  not  decompose  neutral  fats  into  glycerine  and  a  fatty 
acid,  as  the  pancreas  does. 

>Vhen,  however,  fatty  acids  are  dissolved  in  the  bile  {Len^  the  hile  salu  are  decomposed,  the 
hile  acids  being  set  free,  while  the  soda  of  the  dccompuscd  bile  salts  readily  forms  a  solnble  soap 
with  the  fatly  acids.  These  $oap«  arc  soluble  in  the  bile,  and  increase  considerably  the  emulsifyinf; 
potfer  of  this  Huid.  Bile  c.in  dissolve  directly  fatty  acids  to  form  an  acid  fluid,  which  has  hi^h 
emulsioniiing  properties  {Steintr).  Emulsificaiion  is  influenced  by  a  I  per  cent  solution  of  NaCl,  or 
Na,St»,  {P/fiffer). 

(2)  As  fluid  fat  flows  more  rapidly  through  capillary  tubes  when  iliey  are  moiS' 
tened  with  bile,  it  is  concluded  that  when  the  pores  of  the  absorbing  wall  of  the 
small  intestine  are  mobtened  with  bile,  the  fatty  particles  pass  more  easily  through 
I  hero. 

(3)  Filtration  of  fat  takes  place  through  a  membrane  moistened  with  bile  or 
bile  salts  under  less  pressure  than  when  it  is  moistened  with  water  or  salt  solutions 
(r.   Wistingkausfft). 

(4)  As  btle,  like  a  solution  of  soap,  has  a  certain  relation  to  watery  solutions, 
as  well  as  to  fats,  it  permits  effusion  to  take  place  between  these  two  fluids,  as  the 
membrane  is  moistened  by  both  fluids  {v.  IVistinghaus^n). 

It  is  clear,  ihcrerurc,  that  the  bile  is  of  great  importance  in  the  preparation  and  in  the  absorption  of 
fats.  This  is  forcibly  illustrated  by  experiments  on  animals,  in  which  the  bile  is  entirely  diKhargeil 
eatemally  through  a  nstula.  Dogs  under  these  conditions,  absorbed  at  most  40  per  cent,  of  the  f;i[ 
taken  with  the  lood  [60  per  cent,  being  given  off  by  the  fscccs,  while  a  normal  dog  absorbs  99  per 
cent,  of  llie  fat.  The  digestion  of  fitsh  and  gelatine  is  not  interfered  with  in  dogs  by  the  removal 
of  the  bile  (r.  /^r/|.]  I'he  chyle  uf  such  animals  is  very  poor  in  fai,  is  not  white,  hut  transparent ; 
the  faccck,  however,  contain  much  fat.  and  are  oily.  Such  animaU  arc  voracious  (Aai»};  the  tissues 
of  the  body  contain  little  fat,  even  when  the  nutrition  of  the  animals  has  not  been  much  interfered 
vritb.  Persons  sutTcring  from  disturbances  of  the  biliary  secretion,  or  from  liver  affections,  ought, 
therefore,  to  at>&latn  from  Qtty  food. 

(B)  Fresh  bile  contains  a  diastatic  ferment  which  transforms  starch  into 
sugar  { Nassf,  Jacodson,  f.  IVitfkh),  and  also  glycogen  into  sugar  {Bu/a/im)^ 

(C)  Rite  excites  contractions  of  the  muscular  coats  of  the  imcstine,  and 
contributes  thereby  to  absorption. 

(1)  The  bile  acids  act  as  a  stimulus  to  the  muscles  of  the  villi,  which  contract  from  time  to 
time,  so  that  the  contents  of  the  lymph  spaces  [ongins  of  the  lacteals]  are  emptied  toward  the  larger 
lymphaitcs,  and  the  villi  are  thus  in  a  jjosiiion  to  absorb  more  {ScMtff).  [The  villi  act  like  numervus 
small  pumps,  and  ex|}el  their  contents,  which  are  prevented  from  returning  by  the  presence  of  valves 
in  the  larger  Iyiii[ihalic9.] 

(3)  'Ihc  musculature  of  the  intestine  iiself  seems  to  be  excited,  perhaps  throagh  the  agency 
of  the  plexus  mycntericus.     In  animals  with  a  biliary  fistuU.  and  in  which  the  bile  duct  is  obstructed, 
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the  intcslinRl  peristalsis  is  greatly  diminished,  while  Ihe  salts  of  ihe  hilc  acids  admini^ereil  W  the 
mouth  cause  diarrhnra  and  vnmiling  {Lfy^f**,  Sfiulein).  As  contraction  of  the  iTiicstinc  aids  abiorp' 
tion,  bile  is  also  necessary,  in  this  way,  for  the  absorption  of  the  di&wlved  food  MulB. 

(D)  The  jiresence  of  bile  seems  to  be  necessary  lo  (he  vital  activity  of  the  in- 
testinal epithelium  in  its  supposed  function  of  being  concerned  in  the  absorption 
of  fatly  particles  {v.  Thanhofffr,  Rohmann).     Compare  (§190). 

(K)  The  bile  moistens  the  avails  of  the  intestine^  as  it  is  copiously  excmcd. 
It  gives  lo  the  faeces  their  normal  amount  of  water,  so  that  they  can  be  readily 
evacuated.  Animals  with  biliary  fistula,  or  persons  with  obstruction  of  the  bi!c 
ducts,  are  very  costive.  The  mucus  of  the  bile  aids  the  forward  movement  of  the 
ingesta  through  the  intestinal  canal.  [Thus,  in  a  certaiu  sense,  bile  is  a  matural 
purgatii>e.\ 

(Fj  The  bile  diminishes  putrefactive  decomposition  of  the  intestinal  con- 
tents {Bitiiier  and  Schmidt^,  esj^ecially  with  a  faity  diet  (^Rohmann,  t\  Voif)^  §  190. 
[Thus,  it  is  an  antiseptic,  although  this  is  doubted  by  v.  Voit,  p.  500).] 

(G)  When  the  alrongly  acid  contents  of  the  stomacli  pass  into  the  duodenum, 
the  glycocholic  acid  is  precipitated  by  the  gastric  acid,  and  carries  the  pepsin 
with  It  i^Burkart^.  Some  of  the  albumin,  which  has  been  simply  dissoh'fd^  but 
as  yet  not  i>eptonized,  is  also  precipitated,  but  it  does  not  seem  that  peptone  or 
propcptone  are  precipitated  by  the  mixture  of  the  bile  acids  {Maly  and EmieK). 
The  bile  salts  are  decomposed  by  the  action  of  the  gastric  juice,  When  the  mix- 
ture is  rendered  alkaline  by  the  pancreatic  juice  and  the  alkali  derived  from  the 
decomposition  of  the  bile  salts,  the  pancreatic  juice  acts  energetically  in  this  alka- 
line naediura  {Moieschoti), 

[Taurocholic  ocid  and  its  soda  salts  precipUale  albumin,  but  not  peptone;  gljrcncholic  add  docs 
not  precipitate  albumin,  so  that  in  the  inicstme  the  peptone  is  separated  from  the  albumin  (and  «yo- 
tonin],  and  may,  therefore.  t«c  mure  readily  alisorbc'^.  while  the  {irccipitaie  adhenng  to  the  intesimal 
wall  can  Im:  further  dige»ted  {Mtify  and Emtck).  Taurocholic  acid  behaves  in  the  same  way  toward 
gelatine  peptone.] 

Bilious  Vomit. — When  bile  passes  into  the  stomach,  as  in  vomiting,  the  acid  of  the  gutric  jnice 
unites  vritti  ihc  basts  of  the  liile  salts;  so  that  aodium  chlnride  and  free  Ule  acids  arc  funned,  and 
the  acid  rcacliun  is  thereby  wmcwhat  diminished.  The  bile  acids  are  not  effective  for  c*rr)in£  od 
gastric  digeistion;  the  neutralization  also  causes  a  precipitation  of  the  pepsin  and  mucin.  Ai  looo, 
however,  ila  the  walls  of  the  stomach  secrete  new  acid,  ihe  pe|>sin  is  rcdissolved.  The  bile  which 
parses  into  the  stomach  deranges  gastric  digestion,  by  shriveling  the  proteids,  which  can  only  be 
peptonized  when  they  are  swollen  up. 

182.  FATE  OF  THE  BILE  IN  THE  INTESTINE.— Some  of  the 

biliary  constituents  are  completely  evacuated  with  the  fseces,  while  others  are  re- 
absorbed by  the  intestinal  walls. 

(ij  Mucin  passes  unchanged  into  the  fseces. 

(3)  The  bile  pigments  are  reduced,  and  are  partly  excreted  with  the  fsecrs 
as  hydro- bilh-ubin  C§  1 77,  3  s)^  ^"^  partly  as  the  identical  end  product,  urobilin^  by 
the  urine. 

From  Meconium  hydro- bilirtibin  is  absent,  while  crystalline  bilirubin  and  biUverdin  and  an 
unknown  red  oxidation  product  of  it  are  present  [bile  acids,  even  taurocholic,  and  small  traces  of 
fatty  acids].  \Zwtifil).  [.So  that  it  gives  Omelin's  reaciion.]  Hence,  no  reduaion — but  rather 
oxidation— processes  occur  in  the  ftetal  intestine  {Hofpf-S^YUr). 

(CompoBltion.  — l>ary  gives  72.7  per  cent,  water,  25.6  mucus  and  cpiihelitin],  1  per  cent.  Ux  and 
cholestcrin,  and  3  per  cent,  bile  pigments.  Zweifcl  givci  79.78  per  cent,  water,  mnA  solids  20.31 
per  cent.  It  does  not  contain  lecithin,  but  so  much  liilirubin  that  Moppe-Seyler  uses  it  as  ■  good 
source  whence  to  obtain  this  pigment.  It  gives  a  spectrum  of  a  body  related  to  urabilin  (  Fattiair, 
Jl/iU-Munn).] 

(3)  Cholestcrin  is  given  ofF  with  the  fseces. 

(4)  The  bile  salts  are,  for  the  most  part,  reabsorbed  by  the  walls  of  the  jeju- 
num and  ileum,  10  be  reemployed  in  the  animal's  economy.  Tappeiner  found 
them  m  the  chyle  of  the  thoracic  duct;  minute  quantities  pass  normally  from  the 
blood  into  the  urine.     Only  a  very  small  amount  of  glycocholic  acid  appevB 
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•hanged  in  the  faeces.  The  taurocholic  acid,  as  far  as  it  is  not  absorbed,  is 
easily  decomposed  in  the  intestine,  by  the  putrefactive  processes,  into  cholalic 
acid  and  uurin  ;  the  former  of  these  is  found  in  the  fsces,  but  the  taurin,  at  least, 
seems  not  to  be  constantly  present.  Part  of  the  cholalic  acid  is  absorbed^  and 
may  unite  in  the  liver  either  with  glycin  or  taurin  (  Weiss). 

As  putrefactive  decomposition  does  not  occur  in  the  fa;tal  intestine,  unchanged  taurocholic  add  is 
foand  in  mecooiutn  {Zioei/et).  The  anhydride  stage  uf  cholnlic  acid  (the  aniHcially -prepared 
choJoidinic  acid  ?),  dyslysin,  is  an  artitidal  product,  and  does  not  occur  in  the  Tacces  {ihppt- 

(5)  The  faeces  contain  mere  traces  of  Lecithin  (  Wegsehtidtr^  Bokay). 

Impaired  Nutrition. — llie  greatest  part  of  the  roost  important  biliary'  constituents,  the  bile  acids, 
re-enter  the  blood,  and  thus  is  explained  why  animals  with  a  biliary  fistula,  where  all  the  bile  is  re- 
moved (wnthout  the  animal  being  allowed  10  lick  the  bilci,  rapidly  lose  weight.  This  depends 
partly  upon  the  digestion  of  the  fats  being  interfered  with,  and  albo  u[>on  the  direct  loss  of  the  bile 
lalLs.  If  such  dogs  are  to  maintain  their  weight,  they  must  cat  twice  as  much  food.  In  such  cases, 
corbohydrslcs  most  beneficially  replace  the  fats.  If  the  digestive  apparatus  is  otherwise  intact,  the 
anioals.  on  account  of  their  voracicy,  may  even  increase  in  weight,  but  the  flesh  and  not  the  lat  is 
increased. 

Bile  partly  an  Excretion. — The  fact  that  bile  is  secreted  during  the  foetal 
pcriixj,  while  none  of  the  other  digestive  fluids  arc,  proves  it  is  an  excretion. 

The  cholalic  acid  which  is  reat)Sorbed  by  the  intestinal  walls  passes  into  the  body,  and  seems 
uUinulely  lu  be  burned  to  form  CO,  and  >IjO.  The  glycin  (wilhhippuric  acid)  forms  urea,  as  the 
urea  is  increased  after  the  injection  of  glycin  {Hon/arJ,  SiAu/ism,  A'fUch').  The  fate  of  taurin  is 
unknown.  When  large  quantities  are  introduced  into  the  human  stomach,  it  reappears  in  the  urine, 
•A  laurn-carbaaic  acid,  along  with  a  small  quantit)'  of  unchanged  taurin.  Wlicn  injected  subcuta- 
ncously  into  a  rabbit,  nearly  all  of  it  reappears  in  the  urine. 

[Practical. — In  practice  it  is  im|x>rtant  to  remember  that  bile  once  in  the  intestine  is  liable  to 
be  abaurbed  unless  it  be  carried  down  the  intestine  ;  hence,  it  is  one  thing  to  give  a  dt\Jg  which  will 
excite  the  secretion  of  bile,  i.  e.,  a  hepatic  stimulant,  and  another  to  have  the  bile  so  Mcreted  ex- 
pelled. It  is  wi'ie,  therefore,  lo  give  a  drug  which  will  do  both,  or  at  least  to  combine  a  hepatic 
•Cimulant  with  one  which  will  stimulate  the  musculature  of  the  intestine  as  well.  Active  exercise^ 
whereby  the  diaphragm  Is  vigorously  called  into  action  to  compress  the  liver,  will  aid  in  the  ex- 
pulsion of  the  bile  from  the  liver  [Brunton).^ 

183.  THE  INTESTINAL  JUICE.— Length  of  Intestine.— The  human  intestine  is  ten 
times  longer  than  the  length  of  the  body,  as  measured  from  the  vertex  to  the  anus.  It  is  longer 
cooipAiaiively  than  that  of  the  omnivora  H/tMHiHg).  Its  minimum  length  is  507,  its  maximum 
1149  centimetres  [17  *°  35  f«r] ;  its  capacity  is  relatively  greater  in  children  {Beruke\,  [The 
Krerage  length  is  30  feet;  25  feet  (small^,  and  5  lo  6  feet  large  intestine.]  In  childhooa  the  ab- 
sorptive eleroenti,  in  adults  the  secrtto-chcmical  processes,  appear  to  be  most  active  [Baginsiy), 

The  8UCCUS  entericus  is  the  digestive  fluid  secreted  by  the  numerous  glands 
of  the  intestinal  mucous  membrane.  The  largest  amount  is  produced  by  Liebcr- 
kOhn's  glands,  while  in  the  duodenum  there  is  addtfd  the  scanty  secretion  of  the 
small  compound  Brunner*s  glands. 

Brunner'a  glands  are  small,  convoluted,  branched,  tubular  glands,  lying  in  the  sub>iDucosa  of 
ihe  duodenum.  Their  fine  ducts  run  inward,  pierce  the  mucous  membrane,  aod  open  at  the  bases 
of  the  villi.  The  acini  are  lined  by  cylindrical  cells,  like  those  Iming  the  pyloric  glands,  In  fact, 
Bninncr's  glands  arc  structurally  aud  anatomically  idcnlicat  with  the  pyloric  glands  of  the  stomach. 
I>uring  hunger,  the  cells  are  turbid  and  small,  while  during  digestion  they  are  large  and  clear. 
The  glands  receive  nerve  6bres  from  Mei»siicr'a  plexus  {DrasfJt), 

I.  The  Secretion  of  Bninncr's  Glands. — The  granular  contents  of  the 
secretory  cells  of  these  glands,  which  occur  singly  in  man,  but  form  a  continuous 
layer  in  the  duodenum  of  the  sheep,  besides  albuminous  substances,  consist  of 
mucin  and  ^  ferment  substance  of  unknown  constitution.  The  watery  extract  of 
the  glands  causes — (1)  Solution  of  proteids  at  the  temfjcraturc  of  the  body 
iKro/oTv).  (a)  It  also  has  a  diastatic  (?)  action.  It  does  not  appear  to  act  upon 
fats.  [Brown  and  Heron  have  shown  that  the  secretion  of  Brunner's  glands, 
more  actively  than  any  other  glands  of  the  intestines,  converts  maltose  into 
glucose.] 
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lieberkOhn's  glands. 


On  account  of  the  smallnets  of  the  objects,  snch  experimenlsare  only  made  with  sreat  diflkoltf, 
and,  therefore,  there  is  a  considerable  uncertainty  with  regard  to  the  action  of  the  secretion. 

Lieberkhiln's  glands  are  simply  tubular  glands  resembling  the  Bngtr  of  a  glove  [or  atcsl-tabt], 
which  lie  closely  packed,  vertically  near  each  other,  in  the  mucous  membrane  (Fig.  i86) ;  they  on 
roost  numerous  in  the  targe  intestine,  owing  to  the  absence  of  the  villi  in  this  region.  They  cdmun 
of  a  Mructuretevt  mcmbrana  propria  lined  by  a  layer  of  low  cylindrical  epithelium,  between  whicb 
numerous  goblei  cells  occur,  the  goblet  cells  being  fewer  m  the  small  intestine  and  much  more 
numerous  in  the  larpe  (Fig.  loi].  The  glands  of  the  Bmall  intestine  yield  a  thin  secretion,  while 
(hose  of  the  large  intestine  yield  a  large  amount  of  sticky  mucus  from  their  gotlet  cells  {A'iM  ami 
HeiJenh.iin).  [In  a  vertical  section  of  the  small  intestine  they  lie  at  the  base  of  villi  (Fig.  l86). 
In  transverse  section  they  are  shown  in  Fig.  187.]    . 

II.  The  Secretion  of  Lieberkiihn's  Glands,  frora  the  duodenum  onward, 

is  the  chief  source  of  ihe  intestinal  juice. 

Fig.  186. 


..  Villi  witb  epithcliam 


■  LieberkBha't  gUad*^ 
Muscutaria  rauctMC 


Peycr't  patch. 


—      Circular  muscle. 


-Tg  Lcpginidinal  tnUKcl*. 


Lnngtiudifial  («ct)oa  of  the  iinBll  tntesiine  of  a  dof,  through  a  PeTor**  patch. 


Intestinal  PistuU.— The  intestinal  juice  is  obtained  by  making  a  Thiry's  Piatula  (iJt^V  A 
loop  of  the  intestine  of  a  dog  is  pulled  foiward  (Fig.  188,  i),  and  a  piece  alwul  4  inches  in  lcnj;th 
is  cut  out,  so  that  the  continuity  of  the  intestinal  tube  is  broken,  but  the  me»enter>-  and  its  blocMl  n»- 
kIs  are  not  divided.  One  end  of  this  tube  is  closed,  and  the  other  end  is  left  open  and  !ittch«(i  M 
the  abdominal  wall  (Fig.  188,  j).  After  the  two  ends  of  the  intesiine  from  which  this  piece  wms 
taken  have  been  carefully  brought  togctlicr  with  sutures,  so  as  to  eilablish  the  continuity  nf  ihe 
inicatinal  canal,  animals  still  continue  tu  live  (Fig.  188.2).  The  excised  piece  nf  inteMtne  yidd» 
ft  secretion  which  is  unconlamlnated  with  any  other  digestive  secretion.  [Thiry'i  method  is  vety 
unsatisfactory,  as  Judged  from  the  action  of  the  separated  loop  in  relation  to  medicaments,  probably 
owin|{  to  its  mucous  roembTa.nc  becoming  alruphicd  from  di&use,  or  injured  by  itiflammatton  ] 
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[Meade  Smith  hu  lately  used  a  better  method,  in  which  he  maketa  small  opening  in  the  imc»- 
line,  through  which  he  inlrodocei  two  small,  hollow  and  colU;««d  India-nibbcr  balls,  one  alwve  and 
the  other  below  ihe  opening,  which  arc  then  tliittcnded  by  inllntion  until  they  completely  block  a 
certain  length  of  the  intestine.  The  loop  ihus  [>Iockcd  off  having  been  previously  well  wa&hed  out,  ia. 
allowed  to  become  filled  with  succus,  which  Is  secreted  on  the  application  of  various  stimuli.  By  mean» 
of  Iternard'ft  j^ric  cannula  [^  165)  luserletl  into  the  fistula  in  the  loop,  the  secretion  can  be  re- 
moved when  desired.] 

[VelU'a  FiatuU.— Open  the  belly  of  adog,  and  pull  out  a  loop  (30  to  50  ctm.)  [i  to  i}4  feet] 
of  small  intestine  and  ligature  it;  dividing  it  above  and  below,  re-establish  the  continuity  of  the 
rest  of  the  miestme.  Stitch  60/A  end*  of  the  loop  of  intestine  into  the  wound  in  the  Hnea  alba 
<  Pig-  '88, 4 1  so  iha  there  is  a  loop  of  intestine  supplied  by  its  blood  vessels  and  nerves,  isolated  and 
with  an  upper  and  lower  aperture.] 

Flo.  187. 


Cavity  of  the  gland. 


CrypL 
— CUndtilor  epithdium. 


Blood 


Trmnsven«  sectioa  of  UebcrkQhn's  fellidei. 

The  intestinal  juice  of  such  fi.stula;  flows  spontaneously  in  very  small  amount, 
and  is  increased  during  digestion  ;  it  is  increased — especially  its  mucus — by  me- 
chanical, chemical,  and  electrical  stimuli;  at  the  same  time,  the  mucous  mem- 
brane becomes  red,  so  that  too  centimetres  yield  13  to  18  grammes  of  this  juice 
in  an  hour  f  TAiry,  Maslof). 

Characters. — The  jutce  is  light  yellow,  opalescent,  thin,  strongly  alkaline, 
specific  gravity  ion,  evolves  CO,  when  an  acid  is  added;  it  contain.s  albumin 
and  ferments  ;  mucin  occurs  in  the  juice  of  the  large  intestine.  Its  cami>osi(ion 
is — proteid.s^o.8o  per  cent.  J  other  organic  substances  :=  0.73  per  cent.  ;  salts, 
0.8S  per  cent. ;  among  these — sodium  carbonate,  0.3a  to  0.34  |)cr  cent.  ;  water, 

97-59  per  cent. 

Kic.  188. 


ScheoK  of  Tbiry's  IhtutA  1. 1,1.    4.  VcUnS  ftslulo-    A  A'  arc  »t)tch«d  together : 
Abd.  Abdatnioal  wall  {StMim^). 

[The  intestinal  juice  obtained  by  Meade  Smith's  method  contained  only  0.39  per  cent  ofof^^anic 
■miter,  uid  tn  ihiK  respect  ogreetl  closely  with  the  juice  which  A.  Moreau  procured  by  dividing  the 
mescnccric  nerves  of  a  ligatured  loop  of  intestine.  The  secretion  of  the  large  intestine  is  much 
mnre  viscid  than  that  of  the  small  intcitinc.] 

Actions  of  Succus  Entericus. —  The  digestive  Sanctions  of  the  fluid  of  the 
sroail  intestine  are — 

(t)  It  hai  less  diastatic  action   than  either  the  saliva  or  the  pancreatic  juice 
(Sikiff,  Busd\^  Quincke,  Garland)^  but  it  does  not  form  maltose  ;  while  the  juice 
of  the  large  intestine  is  said  to  possess  this  properly  {Euhhcrst).     v.  Witlich  ex- 
tracted the  ferment  with  a  mixture  of  glycerine  and  water. 
30 
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[The  (liaiitatic  action  of  the  small  intestine  it  incomparably  weaker  than  thai  of  the  koltvat  or  PU' 
Crealic  juice,  and  barely  exceeds  that  or  the  tissues  and  fluids  of  the  bodies  generally.  A  simturif 
weak  diastaiic  action  is  possessed  by  the  secretion  of  the  colon.] 

(a)  It  converts  maltose  into  grape  sugar.  It  seems,  therefore,  to  continue  ihe 
diastaiic  action  of  ihe  saliva  (^  148)  and  pancreatic  juice  {§  170)  which  usually 
form  only  maltose.  Thus  maltose  seems  to  be  transformed  into  grape  sugar  by 
the  intestinal  juice. 

According  to  Ilourquelot  thii  action  '1%  dae  to  the  intestinal  schia>myc«tes  and  not  to  ihe  inictfiati 
juice  as  snch,  the  saliva,  the  gastric  juice,  or  inrertin.  The  greater  part  of  the  inaltoae  sffwan, 
however,  to  be  absorbed  unchatiged. 

(3)  Fibrin  is  slowly  (by  the  trypsin  and  pepsin — KUhru)  peptonized  (T^lin, 
Leub€)\  less  easily  albumin  {Mashff)^  fresh,  casein,  flesh,  raw  or  cooked,  vege- 
table albumin  {Ko/Iiker,  Schiff)',  probably  gelatin  is  also  changed  by  a  special 
ferment  into  a  solution  which  does  not  gelatinize  {Euhhorst). 

[lite  ferment  for  this  purpose  Is  mainly  contained  in  Hrunner's  glands,  and  in  Peyer's  paicfaa 
{Brcwn  and  If<ren).'\ 

(4)  Fats  are  only  partly  eroutsionized  {Schiff),  and  afterward  decomposed 
{Veiia). 

[M.  Hay  has  never  observed  any  emulsifying  action.  Tlie  appai^nt  eniulstficAlion  in  certain 
inMances  is  due  to  shaking  the  alkaline  juice  with  a  rancid  oil,  containing  free  Uity  acidx,  when  a 
certain  quantity  of  a  &oap  is  at  uuce  formed.] 

(5)  According  to  CI.  Bernard,  invertin  occurs  in  intestinal  juice  (this  ferment 
can  also  be  extracted  from  yeastj,  whereby  cane  sugar  (CmHmU,,)  lakes  up  water 
(4-  H;U)  and  becomes  converted  into  invert  sugar,  which  is  a  mixture  of  left 
rotating  sugar  (l*eviilose,  CoH„0«)  and  of  grape  sugar  (dextrose,  C,H„0«).  Heat 
seems  to  be  absorbed  during  the  process  {Leude).  (See  CarbohydraUs^  §  252,  for 
the  various  kinds  of  sugar.) 

[Hoppe-Scyler  has  suggested  that  this  ferment  is  not  a  natural  pn)duct  of  the  body,  but  ii  uiinK 
duced  from  without  with  the  foud.  Matthew  Hay  has  recently  ilii^proved  this  theory  by,  aoxMig 
other  reasons,  tinding  ii  to  be  invariably  present  in  the  intestine  of  the  ffrtus.  It  is  found  in  every 
portion  of  the  siuall  lutcfctinc,  but  not  in  the  large  lotestine,  nor  in  any  other  part  of  the  tx>dy,  and 
15  much  lesb  diffusible  thuii  diastase.]  J 

[Effect  of  Drugs. —  The  subcutaneous  injection  of  pilocarpin  causes  Ihe  mucona  membnne  ^a    ^ 
VcJla's  Kstula  \dog)  to  be  congested,  when  a  strongly  alkaline,  opalescent,  watery,  and  slightly  alba- 
niinous  secretion  is  obtained.     '1  his  secretion  produces  a  reducing  sugar,  converts  cane  sagar  into 
invert  sugar,  emulsifies  neutral  fatf,  uhimtitcly  splitting  them  up,  t>epfonizes  proteids.  and  coagulates 
milk,  even  although  aJkaliue.     The  juice  allacks  the  sarcous  sLbblancc  of  musi.-lc   ticforc  the  con- 
ncctive  ti.<sucs — the  reverse  of  the  gastric  juice,     'llie  mucouk  membrane  in  a  Vella's  lislula  does  ^ 
not  atrophy.     K.  K.  Lehmann  hnds  that  the  succus  entericus  obtained  from  the  intesiiDC  of  a/i«f  ■ 
by  a  Thiry-Vella  fislula  has  no  digestive  action  (  V<Ua\.'\  S 

[Fate  of  the  Fermems.— \\iih  regard  to  the  digestive  ferments.  I anj^ley  is  of  opinion  that 

they  are  destroyed  in  the  intestinal  canal ;  the  diastaiic  lerment  of  saliva  isdcsiioyed  by  Ilie  free  HG 

of  tlic  gastric  juice;  pepsin  and  rennet  are  acted  upon  by  the  alka- 

FlG.  169.  line  salts  of  the  pancreatic  and  intestinal  juices,  and  by  trypsin  :  while 

Q  Ihe  diastaiic  and  fteptic  femienis  of  the  [>ancreas  di<4p):icar  under  the 

intluciice  of  the  acid  fcnncntaliou  in  the  large  intestine.] 

The  Action  of  the  Nervous  Systetn  un  the  sccreuon  of  the  !s> 

te^itinal  juice  is  not  well  determined.     Section  or  stimulatioo  of  the 

vagi  has  no  apparent  effect ;  m  hile  extirpation  of  the  large  sympathctK 

abdominal  ganglia  causes  the  intestinal  canal  to  be  filled  with  a  watcty 

fluid,  and  gives  rise  to  diarrhoea  \BuJg<),   lliis  may  he  explaii>ed  by 

the  paralysis  of  the  vasomotor  nerves,  and  also  by  the  section  of  large 

lymphauc  ve&tels  during  the  operatiun,  whereby  absorption  is  iulef* 

fcred  with  and  transuddiiuii  is  lavored. 

Scheme  of  Moreau's  ex|>eriment         Moresu's  Experiment. — .'\  siuular  result  is  caused  by  eitirpsttoo 

{.Stirlinfi.  of  the  nerves  which  accompany  the  blood  vesseU  going  to  a  loop  of 

intestine  {Moreau),  the  blood  vessels  themselvrs  bemg  fnuct.  [ Moreaa 

placed  four  tigaluret  on  a  loop  of  intestine  at  equal  distances  from  each  other  t  Fig.  189).  The  t^s- 

tnrea  were  tied  so  that  three  loops  of  inteaiino  were  shut  ofif.     The  nerves  (N)  to  the  middle  locfk 
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divided,  and  the  intestine  was  replaccfl  in  the  aMominal  cavity.  After  a  lime,  a  very  small 
•mourn  of  iccrclion,  or  none  al  all,  was  fotinrl  in  two  of  the  ligatured  compnrtnient*  of  the  gut, 
I,  /.,  in  Ihrwc  with  the  nerves  and  blood  vessels  inUct  (1.3).  but  the  compartment  {2)  whose  nerves 
bad  been  divided  contained  a  watery  secretion.  Perhaps  the  lecretion  which  occurs  after  section  of 
ihe  mesenteric  ner\e*  i%  a  paralytic  secretion] 

The  secretion  of  the  intestinal  and  gastric  juicu  is  diminished  in  man  in  certain  nervous  niTec- 
lions  (bysteria,  hypochondria>is.  and  various  cerebral  diseases};  while  in  other  conditions  these 
l^pdiuus  .ire  incrctsed. 

^^Bxcretion  of  Drugs. — If  an  isolated  intestinal  Bstula  be  made,  and  various  drugs  administered, 
^^erimcnl  shows  that  the  mucous  membrane  encreles  iodine,  bromine,  lithium,  sulphocynnides,  but 
Mti  potassium  ferrocyanirit;,  arsenious  or  boracic  acid  ( Quinikf),  or  iron  salts  (  Gliiri'rcie). 

In  SMek/ingx,  not  unfrc^{uentty  a  large  amount  of  acid  is  formed  when  the  fungi  in  the  intestine 
split  up  milk  sugar  or  grape  sugar  into  lactic  acid  (Leubr).  Starch  changed  into  grape  sugar  may 
undergo  the  same  abnormal  process;  hence,  infants  ought  not  to  l>e  fed  with  starchy  food. 

184.   FERMENTATION  PROCESSES  IN  THE   INTESTINE. 

^^I'hosc  processes  which  are  to  be  regarded  as  Jfrmrntations  or  putrefactive  pro- 

^msfs,  are  quite  different   from  those  caused  by  the  action  of  distinct   ferments 

^^rrrichs^  Hoppf-Seyler),     The  putrefactive  changes  are  connected  with  the 

presence  of  lower  organisms,   so*called   fermentation   or  putrefaction   producers 

(^Nencki) :  and  they  may  develop  in  suitable  media  outside  the  body.     The  lower 

organisms  which  cause  the  intestinal  fermentation  are  swallowed  with  the  food  and 

the  dnnk,  and  also  with  the  saliva.    When  they  are  introduced^  fermentation  and 

putrefaction  begin,  and  g;as€s  are  eiv/vet/. 

Intestinal  Gases. — During  the  whole  of  the  fcetal  ]>criod,  wntil  birth,  this 
fermentation  cannot  occur  ;  hence,  gases  are  never  present  in  the  intestine  of  the 
newly  born  {Breslau).  The  first  air  bubbles  pass  into  the  intestine  with  the  saliva 
which  is  swallowed,  even  before  food  has  been  taken.  The  germs  of  organisms 
are  thus  introduced  into  the  intestinal  tract,  and  give  rise  to  the  formation  of  gases. 
The  evolution  of  intestinal  gases  goes  hand-in-hand  with  the  fermentations.  At- 
mospheric air  is  also  swiUlowtd,  and  an  exchange  of  ga.ses  takes  place  in  the  intes- 
tine, so  that  the  composition  of  the  intestinal  gases  depends  upon  various  condi- 
tions. 

Kolbe  and  Ruge  collected  the  gases  from  the  anus  of  a  man^  and  found  in  loo 
vols. 


1             Food. 

CO,. 

H. 

CH4. 

N. 

H^ 

miuk 

rrieh, 

Peas 

t6.8 
124 

21.0 

43-3 
2.1 
4.0 

0.9 
27.5 
559 

18.9 

Quantity 
not  estiraaied. 

ith  regard  to  the  formation  of  gas  and  the  processes  of  fermentation,  we 
note — 

I.    Air  bubbles  are  swallowed  when  the  food  is  taken.     The  O  thereof  is 

rapidly  absorbed  by  the  walls  of  the  intestinal  tract,  so  that  in  the  lower  part  of 

the  large  intestine,  even  traces  of  O  are  absent.     In  exchange,  the  blood  vessels 

in  the  intestinal  w.oll  give  off  COj  into  the  intestine,  so  that  a  part  of  the  COj  in 

^hc  intestine  is  derived  by  diffusion  from  the  blood. 

^u.   H  and  CO„NHs,  and  CHt  are  also  formed  from  the  intestinal  contents  by 
^Rtneniaiion,  which  takes  place  even  in  the  small  intestine  (P/a»er). 

Fungi  as  Exciters  of  Fermentation. — The  chief  agents  in  tlie  production  of  fermcntatioox, 
HMrefftciion,  and  other  similar  decompositions  are  undoubtedly  the  group  of  the  fungi  called 
^^^iiomycetes.  They  are  small  unicellular  organisms  of  various  forms,  globular  ( Afirro,-ot-rus), 
^^Brt  rods  \  Baiterium),  long  rods  [fiitd/t/ts],  or  spiral  threads!  i't/ria,  S/>iri//um,  Spirocktetti^  Fig. 
^^n.  The  mode  of  reprmluction  is  tiy  division,  and  they  may  either  leniain  single  or  unite  to  form 
KBiHiics.  Each  organism  is  usually  capable  of  some  de{rree  of  motion.  They  produce  |>rofQund 
chemical  changes  in  ihc  lluids  or  media  m  which  tht:y  grow  and  multiply,  and  these  changes  depend 
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Ufion  the  vital  activity  of  their  pTu(opla!ini.  Thece  minute  microscopic  organisms  fftlte  cntein  ««• 
siiluents  from  Ihe  '*  nutrient  fluids  "  in  which  they  live,  and  use  them  partly  for  building  up  ihcir 
own  tiuues  and  partly  for  their  own  metabolism.  In  ihe&e  proccssei,  some  of  the  iub»tanccs  m 
absorbed  and  assimilated  undergo  chemical  changes,  some  femttnis  seem  thereby  to  be  produced. 
which  in  their  turn  may  act  upon  material  present  in  the  nutritive  fluid. 

The&e  fungi  consist  of  a  capsule  or  envelope  enclosing  protoplasmic  contents.  Many  of  them 
are  provided  with  excessively  delicate  cilia,  by  nieansi  of  which  they  move  about.  The  new  ot;»ii 
isms  produced  by  the  division  of  pre-existing  ones,  sometimes  form  large  colonic*  visible  to  ihe 
naked  eye,  the  individual  fun(;i  beini^  uinleci  by  a  jcUy-hke  mass,  the  whole  coiutitutiiig  zoogloca. 
In  some  fungi,  reproduction  lukes  place  by  spores ;  more  especially  wlien  the  nutrient  fluids  are 
poor  in  nutntive  materials.  The  bacteria  form  longer  rods  or  threads  which  are  jointed,  ind  n 
each  joint  or  segment  small  ( 1-2  A*)  highly  refractive  globules  or  sporet  are  develo|.»e<i  ( Fig.  191,  7). 
In  some  cases,  as  in  the  butyric  acid  fermeiiialion,  the  rods  become  fusiform  before  spores  ate 
formed.  When  the  envelope  of  the  mrithcr  cell  is  ruptured  or  destroyed,  the  spores  are  liberated, 
and  if  they  fall  upon  or  into  a  suitable  medium,  they  genninaie  and  reproduce  organisms  siauUr  to 
those  from  which  they  spning.  The  process  of  sport  prnductton  is  illuMtrated  in  Kig.  190,  7,  S,  9, 
and  in  I,  2,  3,  4  is  shown  the  proceu  o( germinoiioH  in  the  butyric  add  fungus.  The  spores  are 
very  tenacious  of  life;  they  may  be  dried,  when  they  resist  death  for  a  very  lot^  time :  some  of 
ihem  are  killed  by  being  boiled.  Some  fungi  exhibit  their  vital  activities  only  in  Ihe  presence  uf  O 
(Aerobes),  while  others  require  the  exclusion  of  O  (Anaerobes,  Pnsffur).  According  to  the 
products  of  their  action,  they  are  classified  as  follows:  Those  that  ^o^MCe/trmttUatians  (xymtK 

Fia.  190. 


6 
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I 


y^ 


A,  Stutrrinm  ttetlt.  in  thcfomi  uf— cocci  0);  diplcKOCci  (3):  »hon  nxli  (3),  Mid  juinlcd  dircad*  1 4.  «)■     B.  Ava^ 
/jMAw/jri'iiff— (t)  i&olnird  spores;  (>,  3,  4)  germinaiing  condition  of  ln«  tpores;  (5,  6)  thort  and  rongr«d»:t7> 


genie  schi/.omycetes) ;  (hose  that  produce  pigments  (chromogenic) ;  those  that  prodace  disagreeable 
odcr^t  as  during  putrefaction  (bromcq;enic) ;  and  tho^  that,  when  introduced  into  (he  living  tissues 
of  other  organisms,  tito^ucc  patA-?/flgi£ai  eonditionSt  and  even  death  (pathogenic y.  All  tbe^  difliff* 
ent  kinds  occur  in  the  human  l>ody. 

When  we  consider  that  numerous  fungi  are  introduced  into  the  intestinal  canal  with  the  food  and 
drink — that  the  temperature  and  other  condiiioas  within  this  tube  are  specially  favorable  for  their 
develo|nnent ;  thnc  there  also  they  meet  with  sufficient  pabulum  for  their  <lcvelopmeni  and  repro- 
duction— we  cannot  wonder  that  a  rich  cnip  of  these  organi>ms  is  met  with  in  the  intestine,  and 
that  they  produce  there  numerous  fermentations. 

I.  Fermentation  of  the  Carbohydrates. — (i )  Bacterium  lacticuin 
{Cohn),  (Ferment  lactique,  Pastatr)  are  biscuit-shaped  cells.  1.5-3  /*  in  length, 
arranged  in  groups  or  isolated.  They  split  up  sugar  into  lactic  acid  ; 
t  grape  sugar  ^^  CflH„Oa  ^  2(CjHgO,)  ^=  2  lactic  acid. 
Milk  sugar  {Cv^tf^w)  niay  be  split  up  by  the  same  ferment  causing  it  to  take  op 
H^O,  and  forming  2  molecules  of  grape  sugar,  2(C«H„Ob),  which  arc  again  split 
up  into  4  molecules  of  lactic  acid,  4(C.,H40ij. 

The  fungi  which  occur  everywhere  in  the  atmosphere  are  the  cause  of  Ihe  spontaneous  acidiSn* 
lioD,  and  subse()uenl  coagulation  of  milk  {AIHk  ({  330).) 
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(2")  Bacillus  butyricus{B.  amylobacter,  ['an  Ticghem :  Clostridium  buty- 
icum,  Vibrion  bulyrique,  Pasteur)^  which  in  the  presence  of  starch  is  often 
'colored  blue  by  iodine,  changes  lactic  acid  into  butyric  acidt  together  with  CO, 
and  H  {J'razmowsiti). 

C   CjHfcO.,  =  I  butyric  acid. 
a(C,H«0,)  lactic  acid  =  •!  2(C0,)    =  2  carbon  dioxide. 
(_         4  H  =  4  hydrogen. 

This  fungus  (Fig.  iqo,  B)  is  a  true  anaerobe,  and  grows  only  in  the  absence  of  O.    The  Iodic 
&ci(l  fungus  uses  O  very  largely,  an'!  is,  ihcrefure,  its  natural  precursor.     The  butyric  ncid  fennenla* 
>n  U  the  la«t  change  undergone  by  many  carbohydrates,  c^peciaJly  by  starch  and  inulin.     It  taket 
ice  coiuAandy  in  the  fseces. 

C3)  A  fungus,  whose  nature  is  not  yet  determined,  causes  akohoiXo  be  formed 
from  carbo-hydrates  (Fi'tz).  The  presence  of  yeast  may  cause  the  formation  of 
alcohol  in  the  intestine,  and  in  both  cases  also  from  milk  sugar,  which  hrst 
becomes  changed  into  dextrose. 

(4)  Bacterium  aceti  (Fig.  190.  A)  converts  alcohol  into  acetic  acid  outside  the  body.  Alcohol 
[CjII.O)  +  O^CjU^O  lAldchyd)  -f  H,0.  Acetic  acid (C^H^O,)  is  formed  from  aldchj-d  by 
oxidation.  According  to  N^eli,  Uie  same  fungus  causes  the  formation  uf  a  small  amount  of  CO, 
and  HgO.  As  the  acetic  fermentation  is  arrested  at  35°  C,  this  fermentalion  cannot  ucctir  in  the 
intestine,  and  the  acetic  acid  wbicb  is  couMaotly  found  in  the  fx-cea  must  t>c  derived  from  auuther 
<K>urce.     1  >uring  putrefaction  of  the  proteidi  with  exclusion  of  air  acetic  acid  is  produced  {Xcmii). 

Fic.  191. 
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flUM  tnilffit.  i.sporr;  a,  3,  4,  Etfrminntinn  of  the  spore;  5,  6, 4hort  rods  .  7.  jtintcd  thread,  with  the  ftirmnitoti 
of  spore*  in  c:ich  kcitmcnt  or  csU  ;  B,  ibun  Todft,»aroe  tif  tncm  cimuliiliii;  kpom  ;  9,  >i>arct  in  &in|[le  »hun  rodt; 
10,  mi>(us  with  a  cilium. 


(5")  Starch  and  cellulose  are  partly  dhsoheU  by  the  schizomycetes  of  the 
iotestine.  If  cellulose  be  mixed  with  cloacal  mucus  {Hi>ppe-Se\'ler\y  or  with  the 
contents  of  the  intestine  (lappfiner)^  n  molecules,  [^(CiHjBOs)],  take  up  n  mole- 
cules of  water,  +  «(H,0),  and  produce  three  times  n  niolecules  CO,,  and  three 
times  fl  molecules  of  marsh  gas  3  «(CH4). 

During  the  soluiinn  of  cellulosp,  volatile  acids  (acetic  and  butyric)  are  evolved.  WlieD  the  cel- 
lulose capsule  is  dissolved,  the  digestive  juices  can  act  upon  the  enclosed  digestible  parts  of  the 
v^frtable  (  Tappeiner^  v,  Knuhtm). 

(6)  Fungi  whose  nature  is  unknown  can  j^artly  transform  stiirch  (?  and  cellulose^ 
irito  sugar  ;  others  excrete  imrertin  a  ^.,  the  Leukonostoc  mesenteriodes,  which 
develops  in  the  juice  of  turnips.     Invcrtin  changes  cane  sugar  into  invert  sugar 

f§  i83»  n.  5). 

II.  Fermentation  of  the  Fats  (§251). — In  certain  putrefactive  conditions, 
org.misms  of  an  unknown  nature  cause  natural  fats  to  lake  up  water  and  split  into 
clycerine  and  their  corresponding  fatty  acid  (§  170).  Glycerine — CjHjfHOi, — 
IS  a  triatomic  alcohol,  and  is  capable  of  tindergoin^  several  fermentations,  accord- 
ig  to  the  fungus  which  acts  upon  it  {%  251).   With  a  neutral  reaction,  in  addition 

succinic  acid,  a  number  of  fatty  acids,  H  and  CO,  are  formed. 
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Kil7  founci,  under  llic  influrnce  of  the  hay  hueilluj  {^^cC\w^  suUilU,  Hg.  191)  alcohol  with 
caprnic,  butyric,  and  acetic  acids;  in  other  case>  butylic  alcohol  \%  the  chief  product;  van  de  Velde 
found  butyric,  lactic,  and  tracer  of  succinic  ncid  with  CO,,  lljO,  N. 

The  fatty  acids,  esirt-ciaUy  as  chalk  soaps,  form  an  excellent  material  for  fer- 
mentation.  Calcium  formiate  mixed  with  cloacal  mucus  ferments  and  yields  cal- 
cium carbonate,  CO,  and  H  ;  calcium  af-ctate,  under  the  same  conditions,  producer 
calcium  carbonate,  CO.  and  CH,.  Among  the  oxy-acids,  we  are  acquainted 
with  the  fermentations  of  lactic,  glycerinic,  malic,  tartaric,  and  citric  acids. 

According  to  Fitz,  lartic  tfn<i/(iD  combination  with  chalk),  produces  propionic  and  acetic  ackU, 
CO.,  HjO.  Other  ferments  caune  the  formation  of  valerianic  acid.  Glyc€rmu-  and,  in  addition 
to  alcohol  and  succinic  acid,  yields  chielly  acetic  acid ;  ma/if  aeiJ  fortn«  succinic  and  acetic  acid. 
The  other  acids  above  enumerated  yield  somewhat  similar  products. 

III.  Fermentation  of  the  Proteids  (§  249). — There  do  not  seem  to  be 
fungi  of  sufficient  activity  in  the  intestine  to  act  upon  undigested  proteids  and 
their  derivatives.  Many  schtzomycetes,  however,  can  produce  a  peptonizing  fer- 
ment. We  have  already  seen  that  pancreatic  digestion  acts  upon  the  proteids 
(§  170,  11),  forming,  among  other  products,  amido  acids,  leucin,  tyrosin,  and 
other  bodies.  Under  normal  conditions,  this  is  the  greatest  decomposition  pro- 
duced by  the  pancreatic  juice.  The  putrefactive  fermentation  of  the  large  intes- 
tine causes  further  and  more  profound  decompositions  (.Hiiffner,  Nemki).  Leu- 
cin (C,lI|aNO,),  takes  up  two  molecules  of  water,  and  yields  valerianic  acid 
(CaCiuO,)  ammonia,  CO,  and  2(H,)  ;  glycin,  behaves  in  a  similar  manner. 
Tyrosin  (C„H„NOj)  is  decomposed  into  indol  ( C.HiN"),  which  is  constantly 
present  in  the  intestine  {KUhtu)  along  with  CO,,  H,0,  H,  {^Nencki).  If  O  be 
present,  other  decompositions  take  place.  These  putrefactive  products  are  absent 
from  the  intestinal  canal  of  the  fcetus  and  the  newly  born  (^Senator).  During  the 
putrefactive  decomposition  of  proteids,  CO„H,S,  also  H  and  CH,,  are  fonned  ; 
the  same  result  is  obtained  by  boiling  them  with  alkalies.  Gelatin,  under  the 
same  conditions,  yields  much  leucin  and  ammonia,  CO,,  acetic,  butyric,  and  vale- 
rianic acids,  and  glycin  i^Ncficki),  Mucin  and  nuclein  undergo  no  change.  Arti- 
ficial pancreatic  digestion  experiments  rapidly  tend  to  undergo  putrefaciioo. 

The  suhiiiance  which  causes  the  {>ecaHar  faecal  odor  is  produced  by  pnirefaction,  but  iu  nature  is 
not  known.  It  clings  so  firmly  to  imlol  and  sk*tol  that  these  suT>^tanccs  were  formerly  regarded  as 
the  odorous  bodies,  but  when  they  are  prejttred  pure  they  are  odorless  {Sayrr).  The  above  mei>- 
lioned  puirefaaive  processes  which  also  occur  in  |uincreas  undergoing  decomposition,  may  be  inter- 
rupted by  anti^ptics  (salicylic  acid].  The  putrefactive  products  of  the  pancreas  pvc  a  red  color 
or  precipitate  wtUi  cldorine  water. 

Indol.  —  .-Xmong  the  solid  substances  in  the  large  intestine  formed  cnfy  ij 
putrefiKtion  is  inde/ (C^H-N),  a  substance  which  is  also  formed  when  proteids  are 
heated  with  alkalies,  or  by  overheating  them  with  water  to  200°  C.  It  is  the  stage 
preceding  the  indican  in  tht*  urine.  If  the  products  of  the  digestion  of  the  pn>- 
teids — the  peptones — are  rapiilly  absorbed,  there  is  only  a  slight  formation  of 
indol ;  but  when  ab.sorption  is  slight,  and  putrefaction  of  the  products  of  |»an- 
creatic  digestion  occurs,  much  indul  is  formed,  and  indican  ap|jears  in  the  i3riii«. 

JafTi  found  much  indican  in  the  urine  in  straiij^laled  hernia,  and  when  the  small  inlestiDc  was 
obsiruried.     Lnndots  observed  the  same  after  the  tr.insfu4ion  n(  heterogeneous  hlood  i\  262.  i). 

Reactions  for  Indol. — Acidulate  sirongly  with  HCI,  and  shake  vigorously  after  adding  a  few 
drops  of  tur].ienline.  If  there  he  au  intense  red  color,  the  pi(;[iieiil  is  removed  by  ethei.  The  suU- 
stance  which,  after  the  digestion  of  titKin  by  tryiutn,  and  which  gives  a  violet  color  with  bromine 
water  M  170,  2),  can  be  removed  by  chloroform.  In  addition  to  the  but  pigment,  there  is  a  second 
one,  wnich  pa*ises  over  during  distillation,  and  which  can  be  extracted  from  the  distillate  by  ether. 
Both  substances  seem  to  l>elong  to  the  indigo  group  (AVw-tcific/j-). 

A.  Bayer  prepared  indigo- blue  artilicinlly  from  ortho-phenyl-pmpionicncid.by  boiling  it  with  dilnle 
ciustic  soda,  after  the  addition  of  a  tittle  gr.ipe  sucar.  He  obtained  ind'>l  and  ^katol  from  indigo 
blue.  HoppeSeyler  found  that  on  feeding  rabbits  with  ortho  nitrophenyl  proinonic  acid,  mocb 
indican  was  present  in  the  urine. 
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Phenol  (C,H,0)  is  formed  by  putrefaction  in  the  intestine,  and  it  is  also 
formed  when  fibrin  and  pancreatic  juice  putrefy  outside  the  body  {Baumann), 
while  Briefer  found  it  constantly  in  the  fa,"ces.  It  seems  to  be  increased  by  the 
same  circumstances  that  increase  mdol  (Sa/iotoski^y  as  an  excess  of  indican  in 
the  urine  is  accompanied  by  an  increase  of  phenyl  sulphuric  acid  in  that  tluid 
(§262). 

Fmn  putrefying  flesh  and  fihrin  amido-phco)'!  propionic  acid  is  obtained,  as  a  decomposition 
product  of  lyrosin.  A  part  of  thi;^  i$  trnnfi formed  by  putrefactive  ferments  into  hydrocinnamic  ftcid 
(phrqyl  propionic  acid).  'ITie  latter  is  completely  oxidized  in  the  l»ody  into  benzoic  acirl,  and 
appears  as  hippuric  acid  in  the  urine.  Thus  is  explained  the  formation  of  hippuric  acid  from  u 
purely  attniniinous  diet  {£.  and  H.  Salkowiki\, 

Skatol  (CflH^N)  =  methyl  indol — {Bn'e^rr)^  is  a  constant  human  fa;cal  sub- 
stance, and  has  been  prepared  artificially  by  Nencki  and  Secretan  from  egg 
albumin,  by  allowing  it  to  putrefy  for  a  long  time  under  water.  It  also  appears 
in  the  urine  as  a  sulphuric  acid  compound.  The  excretin  of  human  faeces, 
described  by  Marcet,  is  related  to  cholesterin,  but  its  history  and  constitution  are 
unknown. 

Aceordinf*  to  the  Itrothcri  Salkowski,  »katn1  and  indol  are  both  farmed  from  a  corainan  subuance 
Mirlijcb  exists  preformed  in  albumen,  and  which,  when  it  is  decomposed,  at  one  time  yields  more 
indol.  at  another  skatol,  according  as  the  hypothetical  "  indolfuHgut"  or  "  sialoi-fuHpa  "  is  the 
more  abundant. 

It  is  of  the  Utmost  importance,  in  connection  with  the  processes  of  putrefac- 
tion, to  determine  whether  they  take  place  when  oxygen  is  excluded  or  not  (Pas- 
iettr\.  When  O  is  absent,  reductions  take  place  ;  oxy-acids  are  reduced  to 
fatty  acids,  and  H.CH,  and  H,S  are  formed  ;  while  the  H  may  produce  further 
reductions.  If  O  be  present  the  nascent  H  separates  the  molecule  of  free  ordi- 
nary oxygen  (  =  0,1  into  two  atoms  of  active  oxygen  (  ^=  O).  Water  is  formed 
on  ihc  one  hand,  while  the  second  atom  of  O  is  a  powerful  oxidizing  agent  {Hoppe- 
Sryier). 

[U  is  not  improbable  that  some  substances,  as  sulphur,  are  in  part  rendered  soluble  and  alisorlicd 
by  the  action  of  the  naRcciit  hydrogen  evolved  by  the  schiromycetcs,  forming  a  soluble  hydrogen 
compound  with  the  subsionce  {A/a/zA^vi  //<»>■).] 

It  t*  remarkable  that  the  putrefactive  processes,  after  the  development  of  phenol,  indol.  skatol. 
creiKil,  phenyl  propionic  and  phenyl  acetic  acids  are  afterward  limited,  and  after  a  certain  concentra- 
tion is  reached  they  cease  altogether.  The  putrefactive  process  produces  aniiseptic  substances 
which  kill  the  micro-organisms  (tVemiiA),  so  we  may  assume  that  these  substances  liinit  to  a  cer- 
tain extent  the  putrefactive  processes  in  the  intestine. 

The  reaction  of  the  intestine  immediately  below  the  stomach  is  acid,  but  the 
pancreatic  and  intestinal  juices  cause  a  neutral  and  afterward  an  alkaline  reaction, 
which  obtains  along  the  whole  small  intestine.  In  the  large  intestine,  the  re- 
action is  generally  acid,  on  account  of  the  acid  fermentation  and  the  decomposi- 
tion of  the  ingesta  and  the  faeces. 

185.  PROCESSES  IN  THE  LARGE  INTESTINE.— Within  the 
large  intestine,  the  fermentative  and  putrefactive  processes  are  certainly  more 
prominent  than  the  digestive  processes  proper,  as  only  a  very  small  amount  of  the 
intestinal  juice  is  found  in  it  {Kiihne).  The  absorptive  function  of  the  larj^c 
intestine  is  greater  than  its  secretory  function,  as  at  the  beginning  of  the  colon  its 
contents  are  thin  and  watery,  but  in  the  further  course  of  the  intestine  they 
become  more  solid-  Water  and  the  products  of  digestion  in  solution  are  not  the 
only  substances  absorbed,  but  under  certain  circumstances  unchanged  fluid  egg- 
albumin  (Voit  ami  Jiaufr,  Czenty  ond  Latschenber^tr)^  milk  and  its  proteids 
i £uhhi>rst)i  flesh  juice,  solution  of  gelatin,  myosin  with  common  salt,  may  also 
be  absorbed.  Kxperimenis  with  acid  albumin,  synionin,  or  blood  serum  gave  no 
result.  Toxic  substances  are  certainly  absorbed  more  rapidly  than  from  the 
stomach   {Savory),     [in   the   dog   the  secretion  of  the   large   intestine  has  no 
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digestive  properties,  but  fats  are  absortwd  in  it.  Klug  and  Koreck  regard  its 
Lieberkiihnian  glands  not  as  secreting,  but  as  absorbing  structuresj  The  fsecal 
matters  Are/ormed  or  rather  shaped  in  the  lower  part  of  the  gut.  Tne  csecum  of 
many  animals,  e.  g.y  rabbit,  is  of  considerable  size,  and  in  it  fermentation  §eeD» 
to  occur  with  considerable  energy,  giving  rise  to  an  acid  reaction.  In  man,  the 
chief  function  of  the  cxcum  is  absorption,  as  is  shown  by  the  great  numt>erof 
lymphatics  in  its  walls.  From  the  lower  part  of  the  small  intestine  and  the 
CKCum  onward,  the  ingesta  assume  the  faical  odor. 

The  amount  of  faeces  is  about  [5  oz.]  or  170  grms.  (60  to  250  grms.)  in 
twenty-four  hours ;  but  if  much  indigestible  food  be  taken,  it  may  Ijc  as  much  as 
500  grms.  The  amount  is  less,  and  the  absolute  amount  of  solids  is  less,  after  a 
diet  of  flesh  and  albumin,  than  after  a  vegetable  diet.  The  fa:ces  arc  rendered 
lighter  by  the  evolution  of  gases,  and  hence  they  float  in  water. 

The  consistence  of  the  faeces  depends  on  the  amount  of  water  present — it  is 
usually  about  75  per  cent.  The  amount  of  water  depends  partly  on  the  food — 
pure  flesh  diet  causes  relatively  dry  faeces,  while  substances  rich  in  sugar  >neld 
faeces  with  a  relatively  large  amount  of  water.  The  quantity  of  water  taken  has 
no  efl"ect  upon  the  amount  of  water  in  the  fxces.  But  the  energy  of  the  peristal- 
sis  has  this  effect,  that  the  more  energetic  it  is,  the  more  watery  the  faeces  arc, 
because  suflFicient  time  is  not  allowed  for  absorption  of  the  fluid  from  the  ingesta. 
Paralysis  of  the  blood  and  lymph  vessels,  or  section  of  the  nerves,  leads  to  a 
watery  condition  of  the  faeces  (§  183). 

The  reaction  is  often  acid  in  consequence  of  lactic  acid  being  developed  from 
the  carbohydrates  of  the  food.  Numerous  other  acids  produced  by  putrefaction 
are  also  present  (^  184).  If  murh  ammonia  be  formed  in  the  lower  part  of  the 
intestine,  a  neutral  or  even  alkaline  reaction  may  obtain.  A  copious  secretion  of 
mucus  favors  the  occurrence  of  a  neutral  reaction. 

The  odor,  which  is  stronger  after  a  flesh  diet  than  after  a  vegetable  diet,  is 
caused  by  some  fajcal  products  of  putrefaction,  which  have  not  yet  been  isolated  ; 
also  by  volatile  fatty  acids  and  by  sulphuretted  hydrogen,  when  it  is  present. 

The  color  of  the  fjeces  depends  upon  the  amount  of  altered  bile  pigments 
mixed  with  them,  whereby  a  bright  yellow  to  a  dark  brown  color  is  obtained. 

'ITie  color  of  (he  food  is  also  of  imixirtance.  If  much  blood  be  present  in  ihe  food,  ih«  frees 
arc  almost  brownish  black,  frnm  luvmntin;  green  ve^^ctablea  =.  brownisJi  ti^rccD,  from  chlorophyU; 
Iwncs  (do^;)  =  white,  from  the  amount  of  Uaie;  prcparaUuns  of  iron  ^  Uack,  from  the  formBliun 
of  sulphide  of  iron. 

The  faeces  contain— 

(i)  The  unchanged  residue  of  animal  or  vegetable  tissues  used  as  food;  hairs, 
homy  and  elastic  tissues ;  most  of  the  cellulose,  woody  fibres,  spiral  vessels  of 
vegetable  cells,  gum. 

(2)  Portions  of  digestible  substances,  especially  when  these  have  been  taken  in 
too  large  amount,  or  when  they  have  not  been  sufficiently  broken  up  by  chewing. 
Portions  of  muscular  fibres,  ham,  tendon,  cartilage,  particles  of  fat,  coagulated 
albumin — vegetable  cells  from  potatoes  and  vegetables,  raw  starch,  etc. 

Ail  food  yields  a  certain  amount  of  residue — white  bread,  3.7  per  cent. ;  rice.  4.1  per  cent. ;  flcsli. 
4.7  per  cent. ;  )X>laioes.  9.4  per  cent. ;  cabt>age,  14.9  per  cent. ;  black  bread,  15  per  cent.  ;  yellow 
lumip,  20.7  per  cent.  [Jiubntr). 

(3)  The  decomposition  products  of  the  bile  pigments,  which  do  not  now  give 
the  Gmelin-Heintz  reaction  ;  as  well  as  the  altered  bile  acids  (§  177,  a).  Thi* 
reaction,  however,  may  be  obtained  in  pathological  stools,  especially  in  those  of 
a  green  color;  unaltered  bilirubin,  bilivcrdin,  glycocholic  and  taurocholic  acids 
occur  in  meconium  [Zwei/el^  Hoppe-SeyUr^  §  182). 

[MncMunn  found  no  unchanged  bile  pigments  in  the  £l-ccs.  A  sulwiance  called  stercobiUn  U 
obtained  from  the  f«.-cc!i,  and  it  closely  resemblcb  what  haa  been  called  "  febrile  "  urotnlin,  but  it  is 
certainly  different  from  normal  urobilin.] 
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(4)  Unchanged  mucin  and  nuclein — the  latter  occasionally  after  a  diet  of  bread, 
together  with  partially  disintegrated  cylindrical  epithelium   from  the  intestinal 
canAl,  and  occasionally  drops  of  oil.     Cholesterin  is  very  rare.     [Ten  grains  of  a 
substance,  stercorin,  said  to  be  a  modification  of  cholesterin,  occur  in  the  fa;ces 
(^^//t/).]     The  less  the  mucus  is  mixed  with  the  fsces,  the  lower  the  part  of  the 
intestine  from  which  it  was  derived  {Nothnagei). 
^i  (S)  After  a  milk  diet,  and  also  after  a   fatty  diet,  crystalline  needles  of  lime 
^fembined  with  fatty  acids  and   chalk  soaps  constantly  occur,  even  in  sucklings 
^Ki'egscknder).     fwcn  unchanged  masses  of  casein  and  fat  occur  during  the  milk 
Hnre.     Compounds  of  ammonia  with  the  acids  mentioned  as  the  result  of  putre- 
faction t;§  184,  ill)  belong  to  ihc  fiecal  matters  {Brieger). 

t(6)  Among  inorganic  residues,  soluble  salts  rarely  occur  in  the  fseces,  because 
ry  diffuse  readily.  ^.  ^.,  common  salt,  and  the  other  alkaline  chlorides,  the  com- 
unds  of  phosphoric  acid,  and  some  of  those  of  sulphuric  acid.  The  insoluble 
compounds,  of  which  amnion iaco-raagnesic  or  triple  phosphate,  neutral  calcic 
phosphate,  yellow-colored  lime  salts,  calcium  carbonate,  and  magnesium  phos- 
phate are  the  chief,  form  70  per  cent,  of  the  ash.  Some  of  these  insoluble  sub- 
stances are  derived  from  the  food,  as  lime  from  bones,  and  in  part  they  are 
excreted  after  the  food  has  been  digested,  as  ashes  are  eliminated  from  food  which 
has  been  burned. 


Fig.  192. 
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s,  bacterium  Uctu  ttcmjccne* ;  3  aimJ  4,  the  Urge  bacilli  oTDieiutock,  w!th  partial  cado- 
5,  ih«  rarioiM  «tage9  in  the  developmeni  uf  th«  bacillus  which  catue*  tlic  lermenutiun 


Coneretiona.— The  fxcreiion  of  inorganic  suK-itances  is  somelimes  so  great,  that  they  form  in- 
cmstatiuui  aroun'l  other  fxcal  matters.     Usually  smmioniacu-iDagncsic  phosphate  occurs  in  large 

fSIAli  by  iuclf,  or  it  may  be  mixed  with  ma){iiesium  pbospliate. 
(7)  Micro-organisms.— A  considerable  jxirtion  of  normal  fcecal  matter  con- 
sists of  micrococci  and  micro- bacteria  CBacterium  termo — Woodward^  Nothna^^i), 
Bacillus  subtilis  is  not  very  plentiful,  while    yeast  is  seldom  absent  {FrerUks^ 
J>/Mnagfi). 

^^  To  isolate  the  imlivirlual  fun^p,  lilscherich  has  made  pure  cultivations  from  the  intestinal  con- 
^■lU  of  5ucklini!s,  and  Bienstock  from  adults.  In  the  inte&line  af  sucklings  which  have  been 
^fturuhed  entirely  on  their  mr>lhcr'5  milk,  the  Butteriunt  hulit  airo^ents  t  Fi^  192.  2)  cau»e»  the 
^Bnic  acid  fermentation  with  the  evolution  of  CO,  and  I!,  in  the  upper  part  of  the  canal  where 
^PUI  some  milk  sugar  is  unabsorbed.  In  the  evacuations  is  the  characteristic  slender  BacUnum 
4«/i  iommMnt  ( Kig.  192,  1 ).  In  addition,  occafionalty  there  are  other  bacilli,  cocci,  spores  of  yeast, 
and  a  mould  {Bsthrrick). 

In  the  teres  of  an  adult,  Bicnstock  detected  two  Urge  forms  of  BftciIIi  (Fig.  192,  3,  4^.  closely 
resembling  Bacillus  suUilis  in  form  and  size,  but  di^iiiguishwi  only  from  it  by  the  form  nf  its  pure 
cultivatioD,  by  the  mode  of  growth  of  its  spores,  and  by  the  absence  of  movements.  These  two 
forms  can  be  distinguished  microscopically  by  the  auKle  of  their  cultivation,  which  is  cither  in  the 
form  nf  a  grape  or  a  tlai  membrane.  These  two  do  not  excite  a  fermentative  action.  A  third 
microcMcus-likc.  small,  very  slowly  developing  bacillus  occurs  in  three-fourths  of  all  stools.  A 
fborth  kind  (absent  in  sucklings)  is  the  specific  bacillus  {\  184,  111),  causing  the  decomposition  of 
imin,  resulting  in  the  product^  of  putrefaction  and  a  fxcal  odor.  'I'his  is  the  only  bacillus  that 
tes  these  processes  in  the  intestine;  but  it  docf  not  decompose  casein  and  allcali-aUiuniin.  In 
193.  5,  a-g,  the  staf:es  in  the  development  of  this  bacillus  are  represented,  but  the  st'iges  from 
id  ^'  are  absent  in  the  f:eces,  and  are  found  only  in  artificial  cultivations. 
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If  the  f.vccs  are  simply  itiTwligated  microscopicnlly  anH  wtihout  special  precauimnK,  ihffe  «« 
other  fungi,  some  of  which  may  l»e  inlrotluced  lhroii(;h  the  anus.  la  utooU  that  contain  much 
Rarch,  the  bacillus  nmytohaotcr,  which  is  tinged  blue  wtih  iodine,  occurs  (2  1S41,  and  other  saull, 
globular  or  rod-like  fun^,  which  give  a  similar  reaction  {i\WAnageit  Vffflmant%). 

The  changes  nf  the  intesiinni  contents  have  been  studied  on  petsoru  with  an  accidental  intcstiml 
fislula,  or  an  artiHcial  anus. 

tS6.  PATHOLOGICAL  VARIATIONS.— (A)  The  taking  of  food  may  be  interfered  with 
by  spasm  of  the  muscles  of  mastication  (usually  accompanied  by  general  iputms),  Ftrictnrv  of  ihc 
cesophagvs,  by  cicairiccs  after  swallowing  caustic  tluids  [e.g.^  caustic  potash,  roinera]  acids),  or  fay 
the  presence  or  a  tiiniur,  such  as  cancer.  IiiHammation  of  all  kinds  in  the  mouth  or  phaivni  tmer- 
feres  with  tlie  takioK  of  food.  Impossibility  of  swallowing  occurs  as  part  of  the  pcneral  plienoaiciu 
in  disease  of  the  medulla  oblongata,  in  consequence  of  paralysis  of  the  motor  centre  ( superi-Tf  olire*) 
for  the  facial,  va(jus.  and  hj-poglossal  ncr\'es,  and  also  for  the  affrrcnl  or  sensor.-  tibrcs  of  the  ylosw- 
pharyngeal,  vagus  an<I  trigeminus.  Stimulation  or  abnormal  excitation  of  these  parts  cntises  sjtts- 
modic  swallowing  aiid  the  di».airrceab]c  feeling  of  a  conslrictiun  in  the  neck  fgluhu?*  byslcricas). 

(B)  The  secretion  of  saliva  isi/iw/m/j^a/ during  inflammaiion  of  the  salivary  glands;  occlusioa 
of  their  ducts  by  concretions  (salivary  calculi) ;  also  by  the  use  of  atropin,  daturin,  and  during  fevtr, 
whereby  the  secretory  (not  the  vasomotor)  fibres  of  the  chorda  appear  to  be  paralyzed  (}I45)- 
\N*hen  the  fever  is  very  high,  no  saliva  is  secreted.  The  saliva  secreted  during  moderate  fe»er  is 
turbid  and  thick,  and,  usually,  acid.  As  the  fever  increases,  the  diastatic  action  of  the  saliva  dimin- 
ishes (^.j^t-ywaww).  The  secretion  is  increastd  by  stimulation  of  the  buccal  nerves  (intlammalion, 
ulceration,  trigeminal  neuralgia),  so  that  the  saliva  is  secreted  in  great  quantity.  Mercury  and  jabn. 
randi  cause  secretion  of  saliva,  the  former  causing  stomatitis,  which  eKcites  the  secretion  of  salivs 
reflexly.  Even  diseases  of  the  stomach  accompanied  by  vomiting  cause  secretion  of  saliva.  A 
very  thick,  tenacious,  sym))aihciic  saliva  occurs  when  there  is  violent  stimulation  of  the  vasnilBr 
system  during  sexual  excitement,  and  also  during  certain  psychical  conditions.  The  rractiort  of  the 
saliva  is  acid  in  catarrh  of  the  mouth,  in  fever,  in  consequence  of  decomposition  of  the  buccal 
epithelium,  and  in  diabetes  meltiius,  in  consequence  of  acid  fermcntnilon  of  the  saliva,  whidi 
contains  sugar.  Hence,  diabetic  persons  often  suffer  from  carious  teeth.  Unless  the  mouth  of  an 
infant  te  kept  scrupulously  clean,  the  saliva  is  apt  to  become  acid. 

(C)  Disturbances  in  the  activity  of  the  musculature  of  the  stomach  may  he  due  to  panlysts 
of  the  muscular  layers,  whereby  the  stomach  becomes  distended,  and  ihc  ingesta  remain  a  loaf 
time  in  it.  A  special  form  of  paralyus  of  the  stomach  tsdue  to  non-closure  of  the  pylorus  {Ehurin). 
This  may  he  due  to  disturbances  of  innervation  of  a  central  or  peripheral  nature,  or  there  mat  be 
actual  paraly<tis  of  the  pyloric  sphincter,  or  an<Ysthesia  of  the  pylonc  mucout  membrane,  which 
acts  reflexly  upon  the  sphincter  muscle;  and.  lastly,  it  may  be  due  to  the  reflex  impulse  not  being 
transferred  to  the  eH'erent  fibre  within  the  nerve  centre.  Abnormal  activity  of  the  gastric  moacula- 
ture  hastens  the  p.tiSiigc  of  the  ingests  into  the  interline;  vomiting  often  occurs. 

Gastric  digestion  is  dtltiyrf  by  violent  bodily  or  mental  exercise,  and  sometimes  it  is  arreiled 
altogether.  .Sudrien  mental  excitement  may  have  the  same  effect.  These  effects  are,  very  ptol-atity, 
caused  through  the  vasomotor  nerves  of  the  stomach.  Feeble  and  imperfect  digestion  may  be  vf  a 
purely  nervous  nature  ( Dyspepsia  nervosa — Leuhe  ;  Neurasthenia  gastrica— ^«/^6tfr^.  An  eioes- 
stve  formation  of  acid  may  he  due  to  nervous  disturbance,  and  is  called  "nervous  gastronyiiau," 
by  Rossbach. 

[Action  of  Alcohol,  Tea.  etc.,  in  Digestion. — According  to  J.  W.  Fraser.  all  infused  hevecai^ 
tea,  coffee,  cocoa,  retard  the  peptic  digestion  of  proteids,  with  few  exceptions.  The  reurdinn  aatoa 
is  leas  with  coffee  than  with  tea.  The  tannic  acid  and  volatile  oil  seem  to  be  the  retanling  ingtnli* 
ents  in  teas.  DiMilled  Spirits — brandy,  whisky,  gin — have  but  a  trifling  retarding  effect  on  the 
digestive  processes ;  and  when  one  considers  their  action  on  the  secretory  glands,  it  followi  thai  in 
moderate  dietetic  do^cs  they  promote  digestion.  Wines  are  highly  inimical  to  Mlivajy  digcslioD, 
but  this  is  due  to  their  acidtiy;  and  this  effect  can  be  remo\'ed  by  the  addition  of  an  alkali.  Wines 
retard  peptic  digestion,  the  sparkling  less  than  the  uiU  wines.  Tea  has  an  intensely  inhibitofr 
action  on  aalivarj*  digestion— in  fact,  a  small  quantity  paralyzes  the  action  of  salive— while  coffiee 
bos  only  a  slight  effect  This  action  of  tea  is  due  to  the  tannin.  Tea,  coffee  and  cocoa  all  retard 
pcj>tic  tligestion  when  they  fonn  20  per  cent,  of  the  digestive  mixture  (  W.  Roherii,  p.  245).} 

Inflammatory  or  Catarrhal  Affections  of  the  siomach,  as  uell  as  ulceration  and  new  forma- 
tions, interfere  with  digestion,  and  the  same  result  is  caused  by  eating  too  much  food  which  is  ditt- 
cult  of  digestion,  or  taking  too  much  highly-sptced  sauces  or  alcuhul.  In  the  ca&e  of  a  dog  sniSef- 
ing  from  chronic  gastric  catarrh,  GrQtfuer  observed  :hat  the  secretion  took  place  continuously,  aa4 
that  the  gastric  juice  contained  little  [>e[>&in,  was  turbtd,  sticky,  feebly  acid,  and  even  alkaline.  The 
introduction  of  food  did  not  alter  the  secretion,  so  that  in  this  condition  the  stoninch  really  ohtains 
no  rest.  The  chief  cells  of  the  gastric  glands  were  turtrid.  Hence,  in  gastric  catarrh  we  ouf^hl  to 
eat  frequently,  but  take  little  at  a  time,  while,  at  the  same  time,  dilute  (0.4  per  cent)  hydrocttlork 
acid  ought  to  l>c  ad  in  mistered.     Small  dosc4  of  common  salt  seem  to  aid  digestion. 

[Absence  of  HCl. —  IICI  is  always  absent  in  cArtinoma  of  the  siomach  ipom  de  l-V/Zr);  amyloid 
degeneration  of  the  gaMric  mucous  membrane  (AViM^r),  and  sometimes  in  fever.  In  all  ihcM 
cases  the  acid  reaction  is  due  to  lactic  or  butyric  acid.    The  absence  of  HCl  in  cancerof  the  aoow 
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important  diagnostic  and  prognostic  symptom.     It  is  not  absent  in  simple  dilatation  of  the 

lach.     Te*t  the  content*  of  the  stomach  for  free  MCI  with  iropxolin  (red  colon,  methyl  violet 

(l*luc).  and  with  fciric  chloride  and   carbolic  acid  (L'fft/mann).     j'^  per  cent,  of  free  HO  causes 

the   aniethyvt-bluc  of  the  last  to  become  steel-};ray,  while  somewhat   more  discliar^es  the  culor 

altngeiher.] 

[In  testing  for  the  presence  of  free  lactic  acid  in  the  gastric  contenlt,  use  a  freshly-prepared 

>■•  <'iiti»n  of  10  c.  c.  of  4  per  cent,  carlwlic  acid,  20  c.  c.  distilled  water,  and  one  drop  of  the  omcinaJ 

li'iM  ir  of  the  pcrchloridc  of  iron.     The  amclhystblue  color  is  made  yellow  by  adding   f^  to  y{  of 

Ah  vulumc  of  dilitltf   tactic  acid  (i  [>cr  1000).     Tlie  lactic  acid  is  ea-^ily  extracted,  by  ether,  from 

i;atiric  content*,  and  the  re^clion  can  then  be  |Xfrformed  with  tlie  residue  ubiained  after  evapo- 

iting  the  ether.     A  solution  of  i  drop  of  the  liquor  perdiloride  in  50  c.  c.  of  water  is  made  yellow 

lactic  acid  {t-ft/Numn).] 

Feeble  Digestion  may  be  caused  either  by  imperfect  formation  of  acid  or  pepsin,  so  that  both 

substances  may  L>c  administered   in  such  a  condition.     [It  may  also  be  due  to  deficient  muscntar 

power  in  the  wall  of  the  stomach].      In  other  cases,  lactic,  butyric  and  acetic  arids  are  formed, 

ring  to  the  presence  of  lowly  organisms.     In  such  cases,  small  doses  of  salicylic  acid,  together 

'ilh  some  hydrochloric  acid,  ate  ui^kd  {//t>p/>e-SfyUr).     Pepsin  need  not  be  given  often,  as  it  is 

ircly  absent,  even  from  the  diseased  gastric  mucous  membrane.     Albumin  has  been  found  in  the 

gasinc  juice  in  case*  of  gastric  catarrh  and  cholcra. 

(  D  I  Digestion  during  Fever  and  Anxtnia. — Beaumont  found  that  in  the  case  of  Alexis  St. 
Martin,  when  fever  occurrcil,  a  small  amount  of  gnstric  juice  was  secrctetl ;  the  mucous  membr.ine 
was  dry,  red,  and  irritable.  Dogs  sHtTering  from  septicrtrmic  fever,  or  rendered  anivmic  by  great  loss 
of  blood,  stcrete  gastric  juice  of  feeble  digestive  power  and  containing  Itillc  acid  (MttHossgin).  [In 
acute  diseases  accompanied  by  fever,  the  inner  cells  of  the  fundus  i^lnnds  of  the  human  stomach 
may  dtnappear  [C.  A'upfffr.)'\  Hoppe-Seyler  investigated  the  gastric  juice  of  a  typhus  patient,  in 
which  van  de  Velde  found  no  free  acid,  and  he  found  the  same  in  gastric  catarrh,  fever,  and  in  can- 
cer of  the  stomach.  The  gastric  juice  of  the  typhus  patient  did  not  digest  artificially,  even  after  the 
addhion  of  hydrochloric  acid.  The  diminution  of  .icid,  under  these  circumstances,  favors  the  occur- 
reace  of  a  neutral  reaction,  so  that,  on  the  one  hand,  digestion  cannot  proceed,  and  on  the  ulber. 
fermentative  proccwcs  (lactic  and  hutjTic  acid  fermentations  with  the  evolution  of  gases)  occur. 
The^  rpwilts  are  ass  jciated  with  the  presence  of  micro-organisms  and  Sarcina  vnUrUuH  i  Good- 
sir).  \\t  advises  the  ailministration  of  hydrochloric  acid  and  pcj^sin,  and  when  there  are  sympioms 
of  fermentation,  small  doses  of  salicylic  acid.  Uftclmann  found  that  the  secretion  of  a  peptone- 
forming  gastric  juice  ceased  in  fever,  when  the  fever  is  severe  at  the  outset,  when  a  feeble  condition 
rtctiirs,  or  when  the  temperature  is  very  high.  The  amount  of  juice  secreted  is  certainly  diminbhed 
during  fe>er.  The  excitability  of  the  mucous  membrane  is  increased,  so  that  vomiting  teaddy 
occurs.  The  increased  excitability  of  the  vasomotor  nerves  during  (ever  (//fiiit-nkaiH)  is  diudvan- 
tageous  for  the  secretion  of  the  digestive  Huids.  Beaumont  observed  that  Huids  are  rafiidty  ab- 
sorbed from  the  stomach  during  fever,  Lmt  the  alworpiion  of  peptones  is  diminished  on  account  of 
the  accompanying  catarrhal  condition  of  the  stomach,  and  the  altered  functional  aaivity  of  the 
mueularts  mucoue  {Lcnix). 

Many  salts,  when  given  in  lari^  amount,  disturb  gastric  digestion,  f.  ^.,  the  sulphates.     While 

le  alkaloids,  morphia,  strychnia,  dit^talin,  narcotin,  vcrairia,  have  a  similar  action;  quinine  favors 

( tyoldtt^).     In  some  nervous  individuals  n  "  peristaltic  unrcM  of  the  stomach,"  coiijt»med  with  a 

'dyspeptic  condition,  occurs  (A'msmay/).     [Professor  James  directs  attention  to  the  v.ilue  of  peptic 

and  pancreatic  sails,  which  are  preparations  of  common  salt  mixed  with  pejuin  and  the  ferments  of 

|lhe  pancreas  respectively.] 

[Artificial  Digestion  is  alTccted  by  various  salts  according  to  their  nature  and  dilution.     The 
|ige«i<tn  Qijti>rtn  hy  frpiin  gties  on  liest  without  the  addition  of  salts,  being  diminishe<l  by  magnetic 
ilphatc,  sodic  carlmnalc  and  lulphatc.     The  digestion  of  tibrin  by  pancreatic  extract  is  accelerated 
sodic  carbonate  {J/fuicnhain),  and  retarded  by  MgSO^  and  Na-SO,.     The  diostotic  action 
the  saliva  and  pancreas  on  starch  is  greatly  accelerated  by  NoCl  (j  per  cent.)  while  NajCO,, 
la.Sn,,  MgS  J,  slow  it  iPf'i^er).} 
According  to  SchUl/,  artificial  gastric  digestion  is  retarded  by  a  2  per  cent,  solution  of  alcohol, 
id  also  by  a  solution  uf  salic>'lic  acid  (.06  lo   .1   per  cent.).     Buchner,  however.  6nds  that  10  per 
[nt.  of  alcrAoldocs  not  aflcct  ortificial  gastric  digestion,  while  above  20  per  cent,  arrests  it.     Beer 
Uiiders  digcitioo. 
(£|  In  acute  diseases,  the  secretion  of  bile  is  affected  ;  it  becomes  less  in  amount  and  more 
waicry,  1',  t.,  it  contains  less  specific  constituents.     If  the  liver  undei^cs  great  structural  change*  the 
1^        secrytion  may  be  arrested. 

^^L  f  P)  Oall  atones.  — When  decompokilinn  of  the  Inle  occurs,  gall  stones  are  fonned  in  the  ^a// 
^^■|/tiYj>r  or  in  ihe  bitf  duitt.  ^>ome  are  xi'kite,  and  const.st  almost  entirely  of  stnuilied  layers  of  crys- 
^^^teN  of  cholcsterin.  The  hr.twn  forms  consist  of  bilirubin,  lime  and  calcium  carlionntr.  often 
^^Bined  with  iron,  copper,  and  uian(;ane!,c.  I'he  (;all  stone:)  in  the  gall  Uadder  become  faceted  by 
^^■fotibing  against  each  other  The  nucleus  of  the  while  stones  often  consists  of  chalk  and  bile  color- 
ing cnatlerK,  together  with  nitrogenous  residues,  derived  from  Hhed  epilhelium,  mucin,  bile  salts  and 
,iax-\.     Gall  it'ines  Ruy  occlude  the  bile  dua  and  cause  chuluemia.     When  a  small  stanc  becomei 
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impactcil  in  a  duct,  it  fflvts  rise  to  excessive  pain,  constituting  hepatic  colic,  and  may  even  emm 
rupture  of  llic  btlc  tluct  with  its  sharp  edf^cs. 

(G)  Nothing  cena^in  ha<i  been  determined  regarding  the  pancreatic  secretion  in  discue,  bd  m 
fever  it  appears  to  be  diminished  in  amount  and  digcitivc  activity.  The  suppression  of  the  pancre- 
atic secretion  [as  by  a  cancerous  tumor  of  the  head  of  the  pancreas]  ts  often  accoDipdinied  by  the 
appcanince  of  fai  in  the  form  of  globules  or  groups  of  crystals  in  the  f%ces. 

(H I  Constipation  is  a  most  imporunt  derangement  of  the  digestive  tract.  It  may  be  caused  by 
— { 1 1  Conditions  which  lyftsiruct  the  normat  <kaHHfly  e,/^,,  constriction  of  the  gut  ftom  stricture— in 
the  large  gut  after  dysentery,  tumors. rotation  on  its  axis  of  a  loop  of  intestine  (volvulus),  or  in»-agin» 
tinn,  occlusion  of  n  coil  of  gut  in  a  hernial  sac,  or  by  the  pressure  of  tumors  or  exudaiions  fium 
without,  or  congenital  absence  of  the  anus.  (2)  Too  great  Jryma  of  the  contents,  caused  by  too 
liille  water  in  the  articles  of  diet,  dimiuulion  of  the  amount  of  the  digestive  secretions,  t.(.,  of  bite 
in  icterus  ;  or  in  consequence  of  much  Raid  being  given  off  by  other  organs,  as  after  cnpiuui  cecfe* 
tion  of  saliva,  milk,  or  in  fever,  ^j)  Variations  in  the  functional  activity  of  the  muscles  and  m*4ar 
nervous  apparatui  of  the  gut  may  cause  constipation,  owing  t«)  im|)erfect  jwristalsis.  This  condnkm 
occurs  in  inflammations,  degenerations,  chronic  catarrh,  diaphragmatic  inflammation.  AfTectiutu  of 
the  spinal  cord,  and  sometimes  also  of  the  brain,  arc  usually  accompanied  by  slow  evacuation  of  the 
intestine.  Whether  diminished  mental  activity  and  hypochondriasis  are  the  cause  of,  or  are  cauicd 
by  constipation  is  not  proved.  Spasmodic  contraction  of  a  part  of  the  intestine  may  cause  teai|)o. 
rary  retention  of  tlie  intestinal  contents,  and,  at  tlie  same  time,  give  rise  to  great  pain  or  colic  ;  the 
same  is  true  of  spasm  of  the  anal  sphincter,  which  may  be  excited  retlexty  from  the  lower  part  of 
the  gut  The  fecal  masses  in  constipation  are  usually  hard  and  dry,  owing  to  tlie  water  being  ab- 
sorbed ;  hence  they  form  large  masses  or  scyhala  within  the  large  intestine,  and  these  again  give 
rise  to  new  resistance. 

Among  the  reagents  which  prevent  evacuation  of  the  bowels,  some  paralyze  the  motor  afipantos 
temporarily,  t.g,,  opium,  morpliia  ;  some  Jimintsh  the  secretion  of  the  intestinal  mncons  membrane, 
and  cause  constriaion  of  the  blood  ve»els,  as  tannic  acid,  vegetables  containing  tannin,  alum,  chalk, 
lead  acetate,  silver  nitrate,  bismuth  nitrate. 

(I)  Increased  rvacuation  of  the  inieitinal  contents  is  usually  accompanied  by  a  watery  conditioo 
of  the  fxces,  constituting  diarrhoea. 

The  causes  arc  :— 

1.  A  loo  rapid  movement  of  the  contents  through  the  intestine,  chiefly  through  the  large  inteitiae. 
so  that  there  is  not  lime  for  the  normal  amount  of  ahsorpiii^n  to  take  place.  The  increased  periaal- 
sis  depends  upon  stimulation  of  the  motor  nervous  apparatus  of  the  intestine  usually  of  a  reflet 
nature.  Rapid  transit  of  the  contents  through  the  intestine,  causes  the  evactuition  of  certain  sub- 
stances, which  cannot  be  digested  in  so  short  a  time. 

2.  The  stouls  hecume  thinner,  from  the  presence  of  much  water,  mucus,  and  the  admixture  with 
fat,  and  by  eating  fruit  and  vegetables.  In  rare  cases,  when  the  evacuations  contain  much  mucin, 
Charcot's  crystals  occur  (Fig.  144,  e).  In  ulceration  of  the  intestine  leucocytes  (pus)  are  present 
{^Nothnagel). 

3.  Diarrhcea  may  occur  as  a  consequence  of  di5turl>&nce  of  the  diffusion  processes  through  the 
intestinal  walls,  as  in  affections  of  the  epithelium,  when  it  becomes  swoUcn  in  inflammatory  ot 
catarrhal  conditions  of  the  Intestinal  mucous  membrane.  [Irritation  over  the  abdomen,  as  fmm  the 
sulicutaneous  injection  of  small  quantities  of  saline  solutions,  causes  diarrhoea  ( M.  Hay\.'\ 

4.  It  may  also  be  due  to  increased  secretion  into  the  intestine,  as  in  capillary  diffusion,  when 
magnesium  sulphate  in  the  intestine  attracts  water  from  the  blood. 

The  same  occurs  in  cholcM,  when  the  stools  are  copious  and  of  a  rice-water  character,  and  aie 
loaded  with  epithelial  cells  from  the  villi.  I'he  transudation  into  the  intestine  is  so  great  ibai  the 
blood  in  the  arteries  becomes  very  thick,  and  may  even  on  this  account  cease  to  circulate. 

Truiuudation  into  the  intestine  also  takes  place  as  a  cmsequence  of  paralysis  of  the  vasomoior 
nerves  of  the  intestine.  This  is  perhaps  the  case  in  diarrhoea  following  u|xin  a  cold.  Certain  sub- 
stances seem  directly  to  excite  the  secretory  organs  of  ihc  intestines  or  their  nerves,  such  as  the 
drastic  purgatives  (^  180).      Pilocarpin  injected  into  the  blood  causes  great  secretion  [I^lashff  \. 

During  febrile  conditions,  the  secretion  of  the  intestinal  glands  seems  to  be  altered  quantita- 
tively and  qualitatively,  with  simult.ineous  alteration  of  the  functional  activity  of  the  musculature 
and  the  organs  nf  absorption,  while  the  excitability  of  the  mucous  membrane  is  increased  |  Vffel- 
mitnn'S.  It  is  importaut  to  note  that  in  many  acute  febrile  diseases  the  amount  of  coounon  salt  in  the 
urine  diminishes,  and  increases  again  as  the  fever  sulfides. 

187.  COMPARATIVE.— Salivary  Glands. — Among  Mammals  the  hcrbtvora  hare  larger 
salivary  glands  than  the  camivura :  while  midway  between  both  arc  the  omnivora.  The  whale  has 
00  salivary  glands.  The  pinnipedia  have  a  small  parotid,  which  Is  abient  in  the  echidna.  The 
dog  and  many  camivora  have  a  special  gland  lying  in  the  oibii,  the  orbitai  Qxiy^matU  glantt.  In 
Birds  the  salivary  glands  o[^*en  at  the  angle  of  the  mouth;  in  them  the  parotid  isal^scnl-  Amon( 
Reptiles  the  parotid  of  some  species  is  so  changed  as  to  form  poif>>n  glamls;  the  tonoi^  has  svl^ 
lingual  glands ;  reptiles  have  labial  glands.  The  Amphibia  and  Fiabea  have  merely  small  gUndi 
scattered  over  the  mouth.     The  salivary  glands  are  large  in  Insects;  some  of  them  secrete  formic 
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acid.  The  salivary  gUnds  are  well  developed  in  molluscs,  and  the  saliva  of  Dolium  galea  contaiiu 
more  than  3  per  cent,  of  free  sulphuric  acid  (?).     The  ccphalopods  have  double  gUuds. 

A  Crop  »  not  present  in  any  manimal ;  the  stomach  is  cither  simple,  as  in  man,  or,  as  in  many 
rodents,  it  i«  divided  into  two  halves,  into  a  cardiac  and  a  pyloric  portion.  The  intestine  is  short  in 
fl«fth-eating  animals  and  long  in  herbivora.  The  stomach  of  ruminants  is  compound,  xnd  consists 
of  four  cavities.  The  first  and  largest  is  the  paunch  or  rumen,  then  the  reticulum.  In  these 
two  cavities,  especially  the  former,  the  in^csta  are  softened  and  undergo  fermentation.  They  ore 
then  returned  to  the  mouth  by  the  action  of  the  voluntary  muscular  fibres,  which  reach  to  the 
stomach.  This  is  the  process  of  rumination.  The  itigesta  are  chewed  again  in  the  mouth,  and 
ore  Egain  swallowed,  but  this  time  they  enter  the  third  cavity  or  psalterium— (which  is  absent  in 
the  camel) — and  thence  into  the  fourth  stomach  or  abomasum  in  which  the  fermentiitivc  digestion 
takes  place.  The  caecum  is  a  very  large  and  important  digestive  organ  in  herbivora,  and  in  most 
rodents;  it  is  small  in  man,  and  absent  in  carnivora.  The  cesophagus  in  grain-eating  Birds  not 
anfreqoently  has  a  blind  diveiticulum  or  erop  for  softening  the  food.  In  the  crop  of  pigeons  during 
the  breeding  season,  there  is  formed  a  peculiar  secretion — "pigeon's  milk,"  which  is  used  lo  feed 
the  young  1  J.  //uttter\.  The  stomach  consi&ls  of  a  glandular  prm^entricului  and  a  strong  mustu- 
iar  itomu.k  which  is  covered  with  homy  epithelium  and  thiurates  the  foo^l.  There  are  usually  two 
fluid  diverticula  on  the  small  intestine  near  where  it  joins  the  lai^e  gut.  In  Fishes  the  intestinal 
canal  is  usually  simple  ;  the  stomach  is  merely  a  dilatation  of  the  tube  :  and  at  the  pylorus  there 
may  be  one,  but  osuolly  many,  blind  glandular  appendages  (the  appendices  pyloricx|.  There  are 
usually  longitudinal  folds  in  the  intestinal  mucous  membrane,  but  in  some  fishes,  ^.  ^.,  the  shark, 
there  Ls  a  iptral  vaive.  [It  is  curious  lo  find  that  the  inversive  (cane  sugor)  ferment  is  wanting  in 
the  herbivora,  as  the  cow,  horse  and  sheep,  but  is  present  in  the  carnivora,  as  the  dog  and  cat.  It 
is  also  met  with  in  birds  and  reptiles,  and  in  many  of  the  invertebrates,  as  the  ordinary  eanbwortn 
^^Matthrtc  /fay).} 

In  Amphibia  and  Reptiles  tlie  stomach  is  a  simple  dilatation ;  the  gut  is  larger  in  vegetable 
fee^iers  than  in  Bcsh  feeders.  The  liver  is  never  absent  in  vertebrates,  although  the  gall  bladder 
frequently  is.     Th*^  pancreas  is  absent  in  some  fishes. 

IJigestion  in  Plants. — Tbe  observatioiu on  tlie  albumin-digesting  power  of  some  plants  i^Canhyt 
i86g:  CM,  Darwin,  /S7J)  are  extremely  interesting.  The  sun  dew  or  drusero  has  a  series  of  ten- 
tacles on  the  sur&ce  of  its  leaves,  and  the  tentacles  are  provided  with  glands.  As  soon  as  an  inMCt 
alights  upon  a  leaf  it  is  suddenly  seized  by  ihc  tentacles,  the  glands  pour  out  on  acid  juice  over  the 
prey,  which  is  gradually  digested ;  all  except  the  chitinous  structures.  The  secretion^  as  well  as 
the  subsequent  absorption  of  the  products  ot'  digestion,  are  accomplished  by  the  activity  of  the  pro- 
toplasm of  the  cells  of  the  leaves.  The  digestive  juice  contains  a  pepsin-like  ferment  and  formic 
acid.  Similar  phenomena  are  manifested  by  the  Venus  fly  trap  (Dion;i;a),  by  pinguicula,  as  well  as 
by  the  cavity  of  the  altered  leaves  of  ncjwnlhes.  About  fifteen  species  of  these  "  insectivorous" 
or  carnivorous  plants  are  known.  [The  action  of  papain,  and  other  ferments  analogous  in  their 
action  to  trypsin,  arc  rcfened  to  in  {  170.] 

188.  HISTORICAL.— Digestion  in  the  Mouth. — The  llippocratic  school  was  acquainted 
with  the  vessels  of  the  teeth;  Aristotle  ajicTibi-tl  an  uninterrupted  growth  to  these  oigans,  and  he 
further  noticed  ilml  animals  that  were  provided  with  horns  and  had  cloven  hoofs,  had  an  imperfect 
scl  of  teeth — the  upi>er  incisors  were  absent.  It  is  curious  to  note  that  in  some  coses  where  men 
have  had  an  excessive  fonnation  of  hairy  appendages,  the  incisor  teeth  have  been  found  to  l>e  badly 
developed.  The  muscles  uf  mastication  were  known  al  au  early  period;  Vidius  (f  1567)  described 
the  lemporo-maxillory  articulation  with  its  meniscus.  The  older  ot>server9  regarded  iixt  sa/n-a  as 
a  solvent,  and  in  addition,  many  bad  ([ualities,  especially  in  starving  animals,  were  ascribed  to  it. 
This  arose  from  the  knowledge  of  the  siUiva  of  mad  animals,  and  the  parotid  saliva  of  poisonotis 
snakes.  Human  saliva,  without  organisms,  is  poisonous  to  birds  ( 6'ij////rr),  The  salivary  glands 
have  been  known  for  a  long  time.  Galen  (131-203  A.D.)  was  actjuaiuled  with  Wharton'a  duct, 
and  Aetius  (270  a.u.)  with  tbe  sub-maxillary  and  sublingual  glands.  Hapcl  de  la  Chenayc  ^1780) 
obtained  large  (juantiiies  of  saliva  from  a  horse,  in  whicn  he  m'OS  the  first  to  make  a  salivary  fistula. 
Spallanzani  (17U6)  asserted  tliat  food  mixed  with  saliva  was  more  easily  digested  than  food  moist* 
cned  with  water.  Hambcrger  and  Siel>old  investigated  the  reaction,  consistence  and  specific  gravity 
of  saliva,  and  founil  in  it  mucus,  albumin,  common  salt,  calcium  and  so<lium  phosphates.  Herxelios 
gave  the  name  ptya/in  to  the  characteristic  organic  constituent  of  saliva,  but  Leuchs  (1S31)  was 
the  first  lo  detect  its  diostalic  action. 

Gastric  Digestion. — 1  }igc!ition  was  formerly  cominred  to  boiling,  whereliy  solution  was  effected, 
Accortliiig  t<j  (jalen,  only  suLntances  that  have  been  dissolved  passed  through  the  pylorus  into  the 
^^Biestine.  lie  described  the  movements  of  the  stomach  and  the  peristalsis  of  the  intestines. 
^^■Iclian  gave  names  lo  the  four  stomachs  nf  the  ruminants.  Vidius  (f  1567}  noticed  the  numerous 
^^Biall  apertures  of  the  gastric  glands.  Van  Helinonl  (f  1644)  expressly  notices  the  acii/i/y  of  the 
^^■lonuch.  Reaumur  ^1752)  knew  that  a  juice  was  secreted  by  the  stomach,  which  elfectcd  solution, 
^Bpod  with  which  he  and  Spallanzani  performed  experiments  on  digestion  outside  the  body.  Car- 
^  iniaati  (1785)  found  thnt  the  stomachs  uf  caruivora  during  digestion  secreted  a  very  acid  juice. 
rtool  (l324j  discovered  the  hydrochloric  add  of  the  gastric  juice,  SproU  and  Uoyd  (tiijbj  the 
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glands  of  the  gastric  mucous  membrane,  while  Wasroanii  nnd  Bischoff^  noted  ibe  t«ro  kjnds  of 
gastric  gUnds.  After  Meaamont  (1S34)  had  made  hi»  ob«ervatinns  upon  Alexis  St.  Manio.  whu 
had  a  gastric  tUtula  caused  by  a  gunshot  wound,  Bassow  ( 1S43)  and  Ulnndlot  1^1843)  made  the  fint 
artiticial  gastric  (istuKu  ugxtn  animaU.  Elierie  (1834)  prepared  arliticial  gastric  juice.  Mialbe 
calleil  albumin,  when  altered  by  gaMric  <ligeMion,  albuminose ;  I^hmann,  uho  investigated  thu 
Bub^ance  more  carefully,  gave  it  ibc  f\za\c  pgptcm.  Schwann  inulated />i^nff  (1S36),  and  eitab- 
livhcd  the  fact  of  iii  activity  in  the  presence  of  hydrochloric  acid. 

Pancreas.  Bile.  Intestinal  Dig^esiion.—  I'he  Pancreas  was  known  lo  the  Hippocratic  School; 
Maur.  Hoffmann  (1642)  demonstrated  its  duct  ^fuwl),  and  Wir^ung  described  it  in  man.  Kegoer 
de  Graaf  ^1664)  collected  the  pancreatic  juice  from  a  futiUa.  and  riederaann  and  Gmeltn  found  ic 
to  be  alkaline,  while  [^uret  and  Lassaigne  found  that  it  resembled  saliva.  Valentin  discovered  its 
dia&tatic  action,  Ebcric  its  emulsionizing  power,  and  CI.  Bernard  (1846)  its  tryplic  ant)  fat  splitting 
pTopcrtiei.     The  last  mentioned  function  was  referred  to  by  Purkinje  and  Papj^nhrim  (iSjo). 

Anslotle  characterized  the  bile  a«  a  uteleiu  secretion;  according  to  £rasi»imi(is  (304  B.  c).  f>t>e 
invisible  channeU  conduct  the  bile  from  the  liver  into  the  gall  bladder.  Aretaeus  ascribed  tcicnn 
to  obstruction  of  the  bile  duct.  Henedetti  (1493)  (lev:rilted  gall  <tones.  According  to  Jasotinus 
(1573),  the  gall  liladdcr  is  emptied  by  its  own  coniractiont.  Sylvius  de  ta  lloe  noticed  the  l}-mph> 
Btics  of  the  Fiver  (1640)  \  Walaeus,  the  connective  tissue  of  the  so-called  capsule  of  Cjlissoo  ('164J). 
Haller  indicated  the  uses  of  bile  in  the  digestion  of  fats. 

The  liver  cells  were  described  by  llenle,  Purkinje,  and  Dutrochet  (1838).  Heynsiut  discorvcnd 
the  urea,  and  CI.  Bernard  ( 1853)  the  sugar  in  the  liver,  and  he  and  llensen  (1857)  found  glycofcn 
in  the  liver.  Kieman  gave  a  more  exact  description  of  the  hepatic  blond  re&Acls  (1834).  Bralc 
injected  the  lymphatics,  nnd  C/crlach  the  ruiesit  bue  ducts.  Schwann  (1844)  made  the  hnt  hiUaty 
futula;  Demarcay  particularly  referred  to  (he  combination  of  the  bile  acids  with  Hxla  1,18381: 
Strecker  discovered  the  sotia  com])OundB  of  both  acids,  and  isolated  them. 

Corn.  CcUus  mention<i  nutrient  enemaia  (3-5  a.  d.),  Fallopius  (1561)  <le»cribed  the  valvule 
connivcntes  and  villi  of  the  intestinal  mucous  membrane,  and  the  nervous  plextu  of  the  mtatxtottf. 
The  agminoted  glands  or  patches  of  I'e/er  were  known  to  Severinus  (1645). 
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189.  THE  ORGANS  OF  ABSORPTION.— [As  most  substances  in 
the  Slate  in  which  they  are  used  for  food  are  either  insoluble  or  diffuse  but  imper- 
fectly through  membranes,  the  whole  drift  of  the  complicated  digestive  processes 
is  to  render  these  substances  soluble  and  diffusible,  and  thus  fit  ihem  for  absorp- 
tion ;  while  most  of  the  fats  arc  emulsionized.] 

The  mucous  membrane  of  the  whole  intestinal  tract,  as  far  as  it  is  covered  by  a 
single  layer  of  columnar  epithelium,  /.  ^.,  from  the  cardiac  orifice  of  the  stomach 
to  the  anus — is  adapted  for  absorption.  The 
mouth  and  oesophagus.  lined  as  they  are  by 
stratified  squamous  epithelium,  are  much  less 
adapted  for  this  purpose.  Still,  poisoning  is 
caused  by  placing  potassium  cyanide  in  the 
mouth. 

The  channels  of  absorption  in  the  intestinal 
tract  are  (Fig.  193)-- (.1)  the  capillaries 
[(//Wr/],  and  (,2)  the  lacteals  [/W/r^f-r/J  of  the 
mucous  membrane.  Almost  the  whole  of  the 
substances  absorbed  by  the  former  pass  into 
the  rootlets  of  the  portal  vein,  ami  traverse  the 
HvcTy  while  those  that  enter  the  lacteals  really 
pass  into  lymphatics,  so  that  the  chyle  passes 
through  the  thoracic  duct,  and  is  poured  by  it 
into  the  blood,  where  the  thoracic  duct  joins 
the  subclavian  vein. 

Absorption  in  the  Stomach. — Watery  solutions  of  salts,  grape  sugar,  pep- 
tone, poisons,  and  in  a  still  higher  degree  alcoholic  solutions  of  poisons  are 
absorbed.  The  empty  stomach  absorbs  more  rapidly  than  one  filled  with  food  \ 
gastric  catarrh  delays  absorption  i^Quetsch).  After  a  copious  diet  of  milk,  fatty 
granules  have  been  found  in  the  protoplasm  of  the  goblet  cells  {Ko/tiker)  ;  so  that 
according  to  this  view,  the  goblet  cells  have  a  double  function,  to  secrete  mucus 
and  to  absorb  nutrients. 

Small  Intestines. — The  greatest  area  of  absorption  is  undoubtedly  the  small 
intestine,  cs|xrcially  its  u/>/*er  half  (  Lamiois  and  Lepine)^  owing  to  the  presence 
of  the  valvulae  conniventes  and  the  villi. 

190.  STRUCTURE  OF  THE  SMALL  AND  LARGE  INTES- 
TINES.— [The  wall  of  the  small  intestine  consists  of  four  coats  ;  which  from 
without  inward  are  named  serous,  muscular,  submucous,  and  mucous. 

Tbv  serous  ctKit  has  the  Miine  Mnicture  as  the  peritoneum,  1.  f.,  a  thin  batis  of  fibrous  tluue 
ivered  on  tis  outer  surface  by  eodothcliuai. 

The  muscular  coal  coii&ists  of  a  thin  otiter  /ongitm/inal  and  an  inrur  tbtcker  nrcuiar  layer  of 
m-siripcd  muscular  fibres  (Fig.  1S6). 

lite  submucous  coat  coosisti  of  loose  connective  tissue  containing  large  blood  vessels  snd 
nerves,  ami  it  cuuntcU  the  muscular  with  the  mucous  coot.] 

Tlie  mucous  cuoi  is  the  moM  iniernal  coat,  and  itn  atisorhing  surface  is  larf^ely  increased  b)*  the 
•aence  of  the  vaKulx  connivciitcB  and  vilh.     [The  valvulae  conniventes  arc  permanent  folds 

the  mucous  membrane  of  the  small  intestine.  atraugeU  acrobs  the  lung  axi^  of  the  gut.     Tbejr 
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pate  roun<l  a  half  or  more  of  the  iurter  surface  of  ihe  gut.  They  begin  n  little  below  the  com- 
mcncemcDt  of  ihc  duodenum,  and  arc  large  and  welt  marked  tn  the  ilumlenum,  and  rcmaio  so  as 
far  as  the  upper  half  of  the  jejunum,  where  they  begin  to  become  smaller,  and  finally  disappear 
aibout  the  lower  pan  of  the  ileum.]  The  villi  are  characteristic  of  the  Mnall  intC'ttine,  and  are 
confined  lo  it ;  they  occur  everywhere  as  clo&cly-iiei  projectiona  over  and  between  the  valvular  con- 
nivenles  (Fig.  194).  When  the  inner  surface  of  the  mucous  membrane  is  examined  in  water,  it 
ha*  a  velvety  appearance  owing  to  their  presence.  [They  vary  in  length  from  jij,  to  j'g  of  an  inch, 
are  most  numerous  and  largest  in  the  upper  part  of  Ihe  inteaune,  duodenum,  and  jejunum,  where 
absorption  is  Inost  active,  but  they  ore  less  abundant  in  the  ileum.  Tlieir  lotal  number  has  been 
calculated  at  four  millions,  by  Krause.]  Each  villus  is  a  projection  of  the  entire  mucous  membrane. 
so  that  il  contains  within  iLsclf  representatives  of  all  Ihe  tissue  elements  of  the  mucoaJL.  TbcoriHces 
of  the  glandi  of  liehetkilhn  open  between  the  bases  of  villi  (Fig.  197). 

Each  villus,  be  il  cylindrical  or  conical  in  shape,  is  covered  by  a  single  layer  of  colamnar 
epttheliuTn.  whtise  prolopla.sm  is  reticulated,  and  contains  a  well-dcfiucd  nucleus  with  an  intra- 
nuclear plexus  of  6bnls.  The  ends  of  the  epithelial  cells  direaed  toward  the  gut  are  polygonal, 
and  present  the  appearance  of  a  mosaic  (Fig.  195,  iJ).  When  looked  at  from  the  side,  their  free 
surface  is  seen  lo  be  covered  with  a  clear,  highly  refractive  disk  or  "  cuticula,"  which  is  marked 
with  vertical  stria:.    These  strix  wcre  supposed  by  KOlliker  to  represent  pores  for  the  absorption  of 
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fatty  particles,  but  this  has  not  been  confirmed,  while  Brettauer  and  Steinach  regarded  them  as  pro- 
daced  by  prisms  placed  side  b}'  side. 

Accordmg  to  some  observers  [v.  Titan hoffrr^^  however,  this  clear  disk  is  the  optical  expression 
of  a  thinning  of  ifae  cell  membrane,  comparable  to  the  thickened  flange  around  the  bottom  of  a 
vcsaclf  mch  as  is  used  for  collecting  gases.  On  this  supposition,  the  upper  end  of  each  celt  is  open, 
and  from  it  there  projects  pseudopodia-likc  bandies  of  protoplasmic  processes  ( Fig.  1 95,  U ).  These 
proceBCS  arc  supposed  to  be  extended  beyond  the  margin  of  the  cell  and  again  rapidly  retracted, 
and  in  so  acting  they  are  said  to  carry  the  fatty  panicles  into  the  interior  of  the  cells,  much  as  the 
pseudopodia  of  an  amieba  entangles  its  food.  [This  view  has  not  been  confirmed  by  a  sufBcienl 
numWr  of  oljscrvers.]  Between  the  epithelial  cells  are  the  so-called  goblet  cells  (Mg-  195,  C). 
[  Each  gublet  cell  is  more  or  less  like  a  chalice,  narrower  above  and  Ixlow,  and  broad  in  the  middle, 
with  a  tapering  fixed  extremity.  The  outer  part  of  these  cells  is  filled  with  a  clear  substance  or 
fnueigcn,  which,  on  the  addition  of  water,  yields  mucus.  The  mucigen  tics  in  the  intervals  of  a 
line  network  of  Bbrils,  which  |icrvade»  the  cell  protoplasm,  while  the  protoplasm,  containing  a  glob, 
alar  or  triangular  nucleus,  is  pushed  into  the  lower  pan  of  the  cell.  These  goblet  cells  are  simply 
altered  columnar  epitheUal  cells,  which  secrete  mucus  in  their  interior.  They  are  more  numerous 
under  certain  conditions.  Not  unfre(|uenily  in  sections  of  the  mucous  membrane  of  the  gut,  after 
n  is  stained  with  logwood,  we  may  see  a  deep  blue  plug  of  mucus  partly  exuded  from  ihe^e  cells. 
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They  beein  ai  ibe  pyloric  end  of  the  stomach  and  are  found  tliruugbout  the  whole  inlesiine.  They 
Goniiat  of  small  masses  of  adenoid  t1^sue  loaded  with  leucocytes  (Fig.  I98).  They  are  well  sup- 
plied with  blood  vessels  (<(  197),  although  no  lymphatic  vessels  enter  them,  They  are  surrounded 
riy  lymphatics,  and,  in  fact,  they  may  be  said  to  haiiy  into  a  lymph  stream,  Tlic  dtfiribuliDn  of 
K>)iury  follicles  is  fairly  uniTorm  in  the  small  intestine;  their  number  generally  increases  from  the 
stomach  to  the  large  intMline  ;  although  there  are  cuUMdcrable  variations  in  different  individuals, 
iherc  seem5  to  be  Uic  !>amc  number  of  soliiary  fullicles  and  Peyer'5  patches  in  the  infant  as  in  the 
adult  ( Ai/jpTc).] 

[Peyer's  glands,  or  agminated  glinds,  consist  of  groups  of  lymph  follicles  like  the  foregoing 
(Fi£L  186,  199).  The  laa&KS  are  ofivn  mure  or  less  fused  together,  their  bases  lie  in  the  suh-mucosa, 
while  Ihcir  summits  project  into  the  mucosa,  where  they  arc 
covered  merely  by  the  columnar  epilhchum  of  the  intc&tine.  The 
lymph  corpuscles  often  project  beiwceti  ilie  epiihelium.  The 
patches  so  lormed  have  their  long  axis  in  the  axu  of  the  intestine, 
and  they  arc  always  placed  opposite  the  ftttachinont  of  the  rae^eii- 
lery.  Like  the  sohury  glands,  they  are  well  ^upplted  with  blmxl 
vessels,  while  around  them  is  a  dense  plexus  of  lymphatics  or 
lacteals.  They  arc  most  abundant  in  the  lower  part  of  the  ileum. 
The»e  glands  arc  ^pccially  affected  in  typhoid  fever.] 

Nerves  of  the  Intestine.— rhrGU)^h<»ut  the  whole  intestinal 
tract  there  exists  the  plexus  of  Auerbacfa  { Kig.  joo).  lying  be- 
tvreeo  the  longitudinal  and  circular  muscular  coats.  This  plexus 
consius  of  non-medullated  nerves  with  groups  of  ganglionic  cells 
al  the  ivodes.  Fibres  arc  given  off  by  it  to  the  muscular  coats. 
Connected  by  branches  M'ith  the  foregoing,  and  lying  in  the  sub- 
mucosa,  is  the  plexus  of  Meissner,  which  is  much  liner,  the 
iiscshes  being  wider,  the  nodes  smaller,  but  a):>o  provided  with 
l^nglionic  cclU.  It  supplies  the  muscular  fibres  nnd  arteries  of 
the  mucosa,  including  those  of  the  villi.  It  also  supplies  Uanches 
to  LicbcrUiihn's  glands  [Z>riuM).     Com|uire  Figs.  166  and  167. 

[Structure  of  Ibe  Large  Intestine. — It  has  four  coats  like 
those  of  the  <imall  intestine.  The  serous  coat  has  the  same 
structure  as  thai  of  the  small  intestine.  The  muscular  coat  has 
CKtentai  /fnfi/«i/irt<i/ fibres  occurring  all  round  the  gut,  but  they 
form  three  nut,  hbbon-like,  longituihnal  bands  in  the  ca-cum  and 
colon  (  Kig.  201 }.  Inside  this  cuat  arc  the  cirtular  fibrc<>.  The 
sub>mucoBa  is  practically  the  .same  as  that  of  the  small  intes- 
tine. The  mucosA  is  characterued  by  negative  characters.  It 
has  no  villi  and  no  I'eyer's  patches,  but  uthcrwiM:  it  resembles 
uructurally  the  &mall  intc^une,  cunsisiitig  of  a  basis  of  adenoid 
tbsue  wiiti  the  simple  tubuUr  gUnds  of  Lieberkabn  [Fig.  302). 
These  glands  are  very  aumcrous  nnd  somewhat  longer  than  those 
of  the  small  inteuine,  and  they  always  contain  far  more  goblet 
cells — otxiut  ten  times  as  many.  1  he  cclLs  lining  them  are  de 
Toid  of  a  dear  <lisk,     Solitary  glands  occur  througliout  the 
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in  the  fluids  ocean  uiuil  both  fluids  hav«  the  same  corapontion.     This  exchan^  of  fluids  b  termed 
tHtiasmoiis  or  diosmosis. 

If  wc  remembrr  that  within  the  inle»tina1  tract  there  are  relatively  concentrated  solutioiu  of  those 

substances  which  have  been  bn;U(;hi  into  solution  by  the  digestive  juices — peptone,  sugar,  soafw  mad 

solutions  of   the  salts — while  separated  from   these  by  the   porous  macotts 

Fig.  203.  memlvane  and  the   walls  of  the   blood   and  lymph  capillaries  '^  the  blood, 

^  which  contains  relatively  less  of  these  substances,  it  is  clear  thai  an  endos- 

mutic  currL-ni  must  scl  iu  toward  the  blmid  And  lymph  vessels. 

Diffusion. — If  the  two  nuxililc  fluids  are  placed  in  a  v«sel,  tlw  imr  flaid 
over  the  other,  but  without  being  separated  by  a  porous  septum,  an  cxchaa^ 
of  the  particles  of  the  fluids  also  occurs,  until  the  whole  mixture  is  of  uniform 
composition.     This  process  is  called  liiffuiion. 

Conditions  In&uencing  Diffusion. — Oraham's  investigations  showed 
that  the  ra|)idity  of  ilifTusion  is  intliieciceO  by  a  variety  of  conditions :  (i) 
The  nature  of  the  fluids  themselves  is  of  importance  ;  acids  diffuse  niaat 
rapidly  ;  the  alkaline  salts  more  slowly  ;  and  most  slowly,  fluid  albumin,  gela- 
tin, ijum,  dextrin.  These  last  do  not  crystallite,  and  do  not  fonii  true  solo 
tions.  (2)  The  more  concentrated  the  solutions,  the  greater  the  diffusion. 
(3)  Heat  accelcnite^,  while  cual  retards,  the  process.  (4)  If  a  solution  of  a 
body  which  diffuses  with  difficulty  l)e  mixed  with  an  easily  diffufililc  one,  the 
former  diffuses  with  still  greater  difliculty.  (5^  Dilute  solutions  of  «ercraJ 
suUtances  diffuse  into  each  other  withuui  any  difficulty,  but  if  concentrated 
^olulion5  are  employed,  the  process  is  retarded.  (6)  Donble  salts,  one  ooii- 
stitueni  of  which  diffuses  more  readily  than  the  other,  tnay  be  chemicallr 
separated  by  diffusion, 

£ndoBmometer. — The  exchange  of  the  fluid  particles  takes  place  imde- 
pendently  of  (he  hydroiialic  prautre.  Kig.  203  represents  an  CDdofiraamelcr. 
A  t;lass  cylinder  is  filled  with  distdled  water,  and  into  this  is  placed  a  flask, 
J,  without  a  bottom,  instead  of  which  a  membrane,  m,  is  tied  on.  A  glaia 
tube,  R.  is  fixed  firmly  by  means  uf  a  cork  into  the  neck  of  the  flask.  The 
Flask  is  filled  up  lo  the  lower  end  of  the  lul>e  with  a  concentrated  salt  sohi- 
tion,  and  is  tlien  placed  in  the  cylindrical  vessel  until  both  fluids  are  on  the 
same  level,  x.  The  fluid  in  the  tube,  R,  soon  bc^^ns  to  rise,  because  water 
passes  through  the  membrane  into  the  concentrated  solution  in  the  flask,  and 
tfiis  independently  of  the  hydrostatic  pressure.  Particles  of  the  concentrated 
»ll  solution  pass  into  the  cylinder  and  mix  with  the  water,  F.  These  out- 
going and  ingoing  currents  continue  until  the  fluids  without  and  within  J  are 
of  uniform  composition,  whereby  the  fluid  in  K  always  stands  higher  (/.  ^.,ai^),  while  it  is  lowered 
in  the  cylinder.  The  circumstance  of  the  level  of  the  fluid  within  the  tul>e  beii^  so  high  and 
remaining  so,  is  due  to  the  fact  that  tlie  pores  in  the  membrane  are  too  floe  to  allow  i£c  hydroAitic 
pressure  to  act  through  them. 

Endoaraotic  Equivalent. —  L^xperiment  hns  shovtm  that  equal  weights  of  different  soluble  sab* 
stances  attract  different  amounts  uf  distilled  water  through  the  membrane,  i.  /.,  a  known  weight  of 
a  &olulilc  ^ubiitancc  (in  the  tiask)  can  t>e  exchanged  tty  endosmusis  for  a  definite  weight  of  water. 
The  term  eodosmotic  equivalent  indicates  the  weight  of  distilled  wafer  that  passes  into  the  flask  of 
the  endosmometer,  in  exchange  for  a  known  weight  of  the  soluble  substance  (Jolly).  For  i  pn. 
alcohol  4.-2  grms.  water  were  cxchangc<l ;  while  for  t  grm.  NaCl  4.3  grms.  water  passed  into  the 
endosmometer.     The  following  numbers  give  the  endosmotic  equivalent  of — 


Endovmomcter  for 

nio»i>. 


Acid  potassium  sulphate =■  a-3 

Common  salt =  4.3 

Sugar       =  7't 

Sodium  sulphate ,    .    .  =11.6 


Magnesium  sulphate 
Potassium  sulphate 
Sulphuric  acid    .    . 
I'otassium  hydrate 


=     11.7 

=s      IX.O 

=    0.39 

=  2l5.t> 


The  amount  of  the  substance  which  passes  through  the  membrane  into  the  water  of  the  cylinder 
is  proportional  to  the  concentration  of  the  solution  {VierorJi').  If  the  water  in  the  cylinder^  there- 
fore, be  repeatedly  renewed,  the  endosnio^is  takes  place  more  rapidly  and  (he  process  of  equilibra- 
tion Is  accelerated.  The  larger  the  pores  of  the  membrane,  and  the  wnaller  the  molecules  of  the 
substance  in  sr>lucion,  the  more  rapid  is  the  endosmosis.  Hence,  the  rapidity  of  the  endosmosis  of 
different  substances  varies— thus,  the  rapidity  of  sugar,  sodium  sulphate,  common  salt,  and  area  is 
in  the  ratio  of  i  :  I.I  :  5  :  9.5  {^Efkhnrd^  Hpffmann). 

The  endosmatic  fqmvah'nt  is  not  const  ant  fur  tack  suhitaMce.  It  is  influenced  by— ( l)  The  tem- 
perature, which,  as  It  increases,  generally  increa&es  the  endosmotic  equivalent.  (2)  It  also  vane* 
with  the  degree  of  concentration  of  the  osmotic  solutions,  being  greater  for  dilute  solutions  of  the 
substantres  ( C.  Ludurig  and  Clo?tta). 

If  a  substance  other  than  water  be  placed  in  the  cylinder,  an  endosmotic  current  occurs  on  both 
sides  until  complete  equality  u  obtained.  In  this  case,  the  currents  in  opposite  directions  ditfurb 
each  other.     If  two  substances  be  dissolved  in  the  water  in  the  flask  at  the  same  tine,  they  diftuc 
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into  waier  wtthoul  affecting  each  other.  {3)  It  also  varies  wiih  mcmbnines  of  varying  porosity. 
Commnn  salt,  which  gives  an  endosmotic  cquivulent  with  a  pij;'s  bladtler  =  4,3,  gives  6.4  when  an 
01  hUddcT  tk  used;  2.9  with  a  iwimming  bladder;  and  20.2  with  a  coMtxHoii  incnibraiic  [Montr). 
Colloids. — There  \%  a  number  of  fluid  substances  which,  on  account  of  the  great  si/e  of  their 
niolecule^,  do  not  pass,  or  pass  only  with  difTiculiy,  through  the  pores  of  a  membrane  impregnated 
with  gclaiinotis  bodies,  which  diffuse  slowly.  These  sub&lances  are  not  actually  in  a  true  state  of 
solution,  but  exist  in  a  very  diliue  condition  of  imbibiiioa.  Such  substances  arc  the  fluid  proteids, 
starches,  dextrin,  gum,  and  gelatin.  Ihese  diffuse  when  no  septum  is  present,  but  diffuse  with 
diSicuUy  or  nut  at  all  through  a  porous  septum,  (jraham  called  these  substances  (oUoUs,  becau^ 
when  concentrated,  they  prcscni  a  jjlue-likc  or  gelalmous  i^ipearance;  ftirther,  they  do  not  crystal- 
line, while  those  substances  which  difl'usc  readily  are  crjsiallnie,  and  arc  called  crystalloids. 
Crystal! itabte  ^ub!■(ances  may  be  separaied  from  nun-crystal lizable  by  this  process,  which  Graham 
called  dialysis.     Mineral  salts  (avor  the  passage  of  colloids  through  membranes  {^Baranrtiky). 

That  Endosmosis  takes  place  in  the  inicslina!  tract,  through  the  mucous 
membrane  and  the  dtflicate  membranes  of  ihc  blood  and  lymph  capillaries,  can- 
not be  denied.  On  the  one  side  of  the  mumbrane,  within  the  intestine,  arc  the 
highly  diffusible  peptones,  stigar,  and  soaps,  and  within  the  blood  vessels  are  the 
colloids  which  are  scarcely  difTusible,  e-g--,  the  proteids  of  blood  and  lymph. 

II.   Filtration  is  the  passage  of  fluids  through  the  coarse  intennolecular  pores  of  a  membrane, 
owing  to  pressure.     '1  he  greater  the  pressure,  and  the  larger  and  more  numerous  the  pores,  the 
rapidly  dues  the  Huid  pass  through  the  membrane  ;  invrcuse  of  temperature  also  accelerates  ii. 

|Tho»e  Milwlanccs  which  arc  imhtl)ed  by  the  membrane  filter  mo-it  rapidly,  so  that  the  same  sub- 
KAnce  filtcn.  through  different  membranes  with  varying  rapidity.  The  hhration  is  usually  slower. 
the  greater  ihc  concentration  of  llie  fluid.  'I*hc  hltcr  luts  the  property  of  retaining  some  of  the  sul>- 
»tancc»  from  tlie  solution  passing  through  it,  e.g.,  colloid  subsiances — or  water  (in  dilute  solutions 
of  nitre  |.  In  the  former  case,  the  filtrate  is  more  dilute,  in  the  latter  more  concentrated  than  before 
fitiraiion.  Other  substances  tiller  without  undergoing  any  change  of  concentration.  Many  mem- 
branes behave  difTeiently,  according  to  which  surface   i^  placed   next  to  the  fluid;   thus  the  sbell- 

i-Bsembrane  of  an  egg  permits  filtr.itiononly  from  without  inwanl;  [and  the  same  is  true  to  a  much  less 
extent  with  filler  paper  ;  the  smooth  side  of  the  hUer  paper  ought  always  to  be  placed  next  Ibe  fluid 
to  be  tillered.  The  intact  skin  of  the  grope  prcventa  the  entrance  of  fungi].  There  is  a  similar 
dirierence  Mith  the  ga-Unc  and  intestinal  mucous  membrane. 

[Filtration  of  Albumin. — Runcbcrg  finds  that  the  amount  of  albumin  in  pathological  transuda- 
tions varies  with  (I)  the  eapiHary  Qrea^\mxK^  least  in  cedema  of  the  subcutaneous  tiiuue.  {2)  The 
presence  or  ab^nce  of  inHammalory  pro<eius  in  the  vascular  wait,  non  inflammaiory  pleuritic  effu- 
■fcon  oontainuig  2  per  cent.,  and  inflammatory  6  per  cent.,  of  albumin.  (3)  I'bc  condition  and 
aiDoaDi  of  alhumin  in  the  blood,  llie  amount  of  allnimin  in  the  transudate  never  reaches,  although 
It  sonebmcs  approaches,  that  in  blotxl.  In  Oiciies  in  general  dropsy  the  amount  is  .03  to  .04  per 
cent.  (4)  The  duratian  of  the  transudation.  (5)  Perhaps  the  blood  pressure  and  the  condition 
of  the  circulation.] 

[Lfy  using  numerous  layers  of  filter  paper,  many  colloids  and  crystalloids  are  retained  in  the  filter, 
f.g.t  haimoglobin,  albumin,  and  many  coloring  matters,  especiidly  anilin  colors,  the  last  being 
airested  by  glass-wool  {^Kryiimki ).\ 

Filtration  of  the  soluble  substance  may  take  place  from  the  canal  of  the  digest- 
ive tract  when — (i)  The  intestine  contracts  and  thus  exerts  pressure  upon  its 
contents.  This  is  possible  when  the  tube  is  narrowed  at  two  [wints,  and  the  mus- 
culature between  these  two  points  contracts  upon  the  fluid  contents.  {2)  Filtra- 
tion, under  negative  pressure,  may  be  caused  by  the  villi  {BrUcke).  When 
the  villi  contract  energetically,  they  empty  their  contents  toward  the  blood  and 
lymph  vessels.  The  lymph  vessels  remain  empty,  as  the  chyle  is  prevented  from 
pa.sstng  backward  into  the  origin  of  the  lacteal  within  the  villi,  owing  to  the 
presence  of  numerous  valves  in  the  lymphatics.  When  the  villi  pass  again  into 
the  relaxed  condition,  they  again  become  titled  with  fluids  from  the  inteatinal 
contents. 

19a.  ABSORPTIVE     ACTIVITY     OF    THE    INTESTINAL 

^VALL. — The  process  of  digestion  produces  from  the  food  partly  solutions  and 
partly  finely  divided  emulsions,  whose  fine  particles  are  said  to  be  surrounded  by 
an  albuminous  envclojie,  the  haptogen  membrane  [of  Ascherson],  whereby  these 
particles  become  more  stable.  Unchanged  colloid  substances  may  also  be  present 
]D  the  intestinal  tract. 


328       AiiSORPTION    OF   SOLUBLE    CARBOHYDRATES   AND    PEPTONES, 

I.  Absorption  of  Solations. — True  solutions  undoubtedly  pass  by  cDdos- 
masis  into  tht:  blood  vessels  and  lymphatics  of  the  intestinal  walls,  but  numerous 
facts  indicate  that  the  protoplasm  of  the  cells  of  the  tube  take  an  active  part  in 
the  process  of  absorption.  The  forces  concerned  have  not  as  yet  been  referred 
simply  to  physical  and  chemical  processes. 

(i)  The  Inorganic  substances, — Water  and  the  soluble  salts  necessary 
for  nutrition  are  easily  absorbed,  the  latter  esi>ecially  by  the  blood-  and  lymph 
vessels.  When  saline  solutions  pass  by  cndosmosis  into  the  vessels,  water  mu!»t 
pass  from  the  intestinal  vessels  into  the  intestine.  The  amount  of  water,  however, 
IS  small,  owmg  to  the  small  endosmotic  equivalent  of  the  salts  to  be  absorbed. 
More  salts  are  absorbed  from  concentrated  than  from  dilute  solutions  iFunke).  If 
large  quantities  of  salts,  with  a  high  endosmotic  equivalent,  are  introduced  into 
the  intestine,  ^.g.,  magnesium  orsodium  sulphate,  these  salts  retain  the  water  ne- 
cessary for  iheir  solution,  and  thus  diarrhcea  is  caused  {Poiscutl/e^  Buihkeim}. 
Conversely,  when  these  substances  are  injected  into  the  blood  a  large  quantity  of 
water  passes  from  the  intestine  into  the  blood,  so  that  constipation  occurs,  owing 
to  dryness  of  the  intestinal  contents  i^Aubcrt).  [M.  Hay  concludes  from  his  ex- 
periments (§  i6i),  that  salts,  when  placed  in  the  intestines,  do  not  abstract  water 
Irom  the  blood,  or  are  themselves  absorbed,  in  virtue  of  an  endosmotic  relation 
l^ing  established  between  the  blood  and  the  saline  solution  in  the  intestines.  Ab- 
sorption is  probably  due  to  the  filtration  and  diffusion,  or  processes  of  inhibition 
other  than  endosmosis,  as  yet  little  understood.  The  result  obtained  by  Aubert, 
which  is  not  constant,  is  mostly  cau&ed  by  the  great  diuresis  which  the  injected 
salts  excites.] 

Numerous  inorganic  substances,  which  do  not  occur  in  ihe  body,  are  absorbed  by  emJotiiKMBl 
from  the  imc5tinc,  ^.^r^.  *lilu(e  sulphuric  acid,  potassium  iodide,  chlorate,  and  bromide,  and  mm§ 
uCfaer  salts. 

(2)  The  soluble  carbohydrates,  such  as  the  sugars,  of  which  the  chief  rep- 
resentatives arc  dextrose  and  maltose,  with  a  relatively  high  endosmotic cquiva- 
lent.  Cane  sugar  is  changed  by  a  sjiecial  ferment  into  invert  sugar  (§  183,  5). 
Absorption  api}ears  to  take  place  somewhat  slowly,  as  only  very  small  quantities 
of  grape  sugar  are  found  in  the  chyle  vessels  or  the  liortal  vein,  at  any  lime. 
According  to  v.  Merings  the  sugar passts  fro$n  the  intestine  into  the  rootlets  of  ike 
porta/  vein  ;  dexlnn  also  occurs  in  the  portal  vein.  When  the  blood  of  the  portal 
vein  is  boiled  with  dilute  sulphuric  acid,  the  amount  of  sugar  is  increased  {Nan- 
nyn).  The  amount  of  sugar  absorbed  depends  ti\)on  the  concentration  of  its  solu- 
tion in  the  intestine;  hence  the  amount  of  sugar  in  the  blood  is  increased  after  a 
diet  containing  much  of  this  substance  (C  Schmiilt  ami  v.  Becker),  so  that  it  may 
appear  in  the  urine;  in  which  case  the  blood  must  contain  at  least  0.6  per  cent, 
of  sugar  {Lehmann  and  Uhle).  A  small  amount  of  cane  sugar  has  also  been 
found  in  the  blood  {CI.  Bernard,  Hoppe-Seyler),  The  sugar  is  used  up  in  the 
bodily  metabolism  ;  some  of  it  is,  i>crhaiis,  oxidized  in  the  muscles  {Zimmfr).' 
[Compare  effects  ot  injecting  grape  sugar  into  the  blood  (§  176)-] 

(3)  The  peptones  have  a  small  endosmotic  equivalent  {Funke)^  a  a  to  9  per 
cent  solution  =^  7  to  10.  Owing  to  their  great  diffusibility  they  are  readily  absorbed, 
and  they  are  the  chief  representatives  of  the  proteids  which  are  absorbed.  The 
amount  absorbed  depends  upon  the  concentration  of  the  solution  in  the  intestmc. 
They  pits s  into  the  bloodvessels  {Schmidt- Miilheim).  When  animals  are  fed  on 
peptones  (with  the  necessary  fat  or  sugar),  they  serve  to  maintain  the  body  weight 
{Maty,  Plosz  and  Gyorgyai ).  Only  mmute  quantities  of  fieptone  have  as  yet  been 
found  in  the  blood  iDrosdorff )  \  hence,  it  is  assumed,  either  that  they  are  rapidly 
converted  into  true  albummous  bodies,  or  that,  in  part  at  least,  they  undergo 
further  decomi>ositions,  with  which  we  are  as  yet  unacquainted.  As,  however, 
they  can  comj^ensale  for  the  total  metabolism  of  the  proteids  within  the  body,  we 
must  assume  that  they  are  converted  into  proteids.     Hofmeister  supjjoses  that  the 
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leucocytes  absorb  the  peptones  and  act  as  their  carriers,  much  as  the  red  corpus- 
cles are  oxygen  carriers.  They  carry  the  peptones  into  the  mucous  menihrane  of 
the  stomach  and  small  intestine,  which  are  very  rich  in  peptone  at  the  fourth  hour 
of  digestion.  It  is  asserted  by  Salivoli  that  the  mucous  membrane  possesses  the 
properly  of  changing  peptone  into  albumin.  Only  a  part  of  the  peptone  passes 
unctianged  into  the  blood,  and  disappears  from  it  after  its  passage  through  the 
tissues. 

[Injection  of  Pepione  into  Blood  — When  peplone  is  injected  iiilo  the  blood  of  an  animal, 
nitniii  iwcnty  minutes  ihcreaitcr  no  trace  of  the  peplone  is  tn  he  found  in  the  blood,  allhough  it  has 
i>o(  been  excreted  by  any  of  ihc  organs.  Peptone  io  injccicd  prevents  the  blood  of  the  dog  (not  of 
Ihc  nbbit  or  pig)  from  coagulating  (p.  48).  Fano  a&Kits  that  the  peptone  i»  taken  up  by  the  red 
blood  corpuscles,  which  thus  become  of  greater  specific  gravity,  and  change  it  into  globulin.  After 
ihrce  or  more  hours  the  corpuscles  return  the  globulin  to  the  blood,  so  thai  the  corpuscles  represent 
a  reserve  store  of  proleid.j 

(4)  Unchanged  true  proteids  filter  with  great  difficulty,  and  much  alhumia 
remains  upon  the  filter.  On  account  of  their  high  endosmotic  equivalent  they 
pass  with  extreme  difficulty,  and  only  in  traces,  through  membranes.  Neverthe- 
less, it  has  been  conclusively  proved  that  unchanged  proteids  can  be  absorbed 
{Br&£ke)y  e.g.y  casein,  soluble  myosin,  alkali  albuminate,  albumin  mixed  with 
common  salt,  gelatin  { /tf/"/,  Bauer^  EUhhorst).  They  are  absorhtxl  even  from  the 
\^x%ii  \Ti\.tiX\x\c  K  Czemy  and  Latschenberger)^  although  the  human  large  iniestine 
^cannot  absorb  more  than  6  grins,  daily.  But  the  amount  of  unchanged  proteids 
tbsorbed  is  always  very  much  les>  than  the  amount  of  peptone. 

^g  albumin  without  common  salt,  synlonin,  scrum  albumin,  and  fibrin  ore  not  atisorbed  {Ei€k' 
jktrrst).  l.a.Ddoi>  obser\-ed  in  the  caiic  of  a  younj^  man  who  look  the  whitcji  of  14  to  20  eggs  along 
^«rith  NaCl,  thai  albumin  ivas  ^\\eti  off  l>y  the  urine  for  4  lo  10  hours  thereafter.  The  amount  of 
albumin  given  off  rose  until  the  third  day  and  ceased  on  the  fifth  day.  'Ilie  more  albumin  that  was 
taken  the  sooner  the  albuminuria  Appeared  and  the  longer  it  lasted.  The  unchanged  egg  albumin 
reappeared  in  the  urine.  If  egg  albumin  be  injected  into  the  blood,  part  of  it  reappears  in  the 
urine  ({  41,  3)  {Stottvu,  Lfkmauu). 

(5j  The  soluble  fat  soaps  represent  only  a  fraction  of  the  fats  of  the  food 
»*hicn  are  absorbed  ;  the  greater  part  of  the  neutral  fats  being  absorbed  in  the 
form  of  very  fine  particles — as  an  emulsion  (§  192,  II).  The  absorbfd soaps  have 
hecH  found  in  th^  fhyU^  and  as  the  blood  of  the  portal  vein  contains  more  soaps 
during  digestion  than  during  hunger,  it  has  been  assumed  that  the  soaps  pass  into 
the  intestmal  blood  capillaries.  The  investigations  of  Lenz,  Bidder  and  Schmidt 
Tender  it  probable  that  the  organism  can  absorb  only  a  limited  amount  of  fat 
within  a  given  period ;  the  amount  perhaps  bears  a  relation  to  the  amount  of  bile 
and  pancreatic  juice.  The  maximum  per  i  kilo,  (cat)  was  0.6  grm.  of  fat  per 
hour. 

It  appears  as  if  the  soaps  reunite  with  glycerine  in  the  parenchyma  of  the  villi, 
10  form  neutral  fats,  as  Perewoznikoff  and  Will  found,  after  injecting  these  two 
ingredients  into  the  intestinal  canal.  C.  A.  Ewald  found  that  fat  was  formed 
when  soaps  and  glycerine  were  brought  into  contact  with  the  fresh  intestinal 
mucous  membrane.  Perhaps  this  is  the  explanation  of  the  observation  of  Bruch, 
who  found  fatty  particles  within  the  blood  vessels  of  the  villi. 

Absorption  of  other  Substances. — Of  soluble  sul>%tances  which  are  introduced  into  the  intes- 
tinal canal,  sntnc  are  absorl>ed  and  others  are  not.  The  following  arc  absorbe<l  :  alcohol,  part  of 
which  appears  in  the  urine  (not  in  the  expired  air),  vir...  thai  part  which  is  not  changed  into  CO, 
and  H,(  J,  within  the  body;  tartaric,  citric,  malic,  and  lactic  acids;  glycerine,  inulin  {K^manos)\ 
pim  and  vegetable  mucin,  which  give  rise  to  the  formation  of  glycogen  in  the  liver. 

Among  coloring  matters,  alizarin  (fmm  madder},  alkannet,  indigo-sulphuric  acid,  and  its  soda 
salt  are  absurbcd  :  hxtniitin  is  partly  absurbcd.  while  chlorophyll  is  not.  Metallic  salts  seem  to 
be  kept  in  volution  hy  proteids,  are  perhaf«  alisorbed  along  with  them,  and  are  partly  carried  by 
the  blood  nf  the  portal  vein  to  the  liver  (ferric  sulphate  has  been  found  in  chyle).  Numerous 
poltona  are  very  rapidly  absorbed,  t,  g.^  hydrocyanic  acid  after  a  few  seconds;  potassium  c>-anide 
luu  been  found  in  the  chyle.     [If  salts  (K.i,  sulphocyantde  of  ammonium)  be  injected  into  a  liga- 
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tured  loop  of  intestine  (dog,  cat,  rabbit),  these  labstinces  are  absorbed  bath  by  ibe  blood  and  I] 
vessels,  and  in  both  nearly  slmuliancously  [A*.  S.  LfAjnann).] 

II.  Absorption  of  the  smallest  particles.^The  largest  amount  of  the  fits 
is  absorbed  in  the  form  of  a  milk  like  emulsion,  formed  by  the  action  of  the 
bile  and  the  pancreatic  juice,  and  consisting  of  excessively  small  granules  of  ani- 
form  size  (§  170,  HI ;  §  181J.  The  fats  themselves  are  not  chcmicaMy  changed, 
but  remain  as  undccomposed  neutral  fats.  The  particles  seem  to  be  surrounded 
by  a  delicate  albuminous  envelope,  or  haptogen  membrane,  partly  derived  from 
the  pancreatic  juice  [probably  from  its  alkali  albuminate].  The  villi  of  the  small 
intestine  are  the  chief  organs  concerned  in  the  absorption  of  the  fatty  emulsion, 
but  the  epithelium  of  the  stomach  and  that  of  the  large  intestine  also  take  a  port. 
The  fatty  granules  are  recognized  in  the  villi— (i)  Within  the  delicate  caoaU? 
(§  190)  in  the  clear  band  of  the  epithelium  {KoiiiA'gr),  [It  is  highly  doubtful  ii 
the  vertical  lines  seen  in  the  clear  disk  of  the  epithelium  of  the  intestine  arc  due 
to  pores.]  (3)  The  protoplasm  of  the  epithelial  cells  is  loaded  with  fatty  granules 
of  various  sizes  duriny  the  lime  of  absorption,  while  the  nuclei  of  the  cells  remain 
free,  although,  from  the  amount  of  fat  within  the  cells,  it  is  often  difficult  10  dis- 
tinguish them.  (3)  The  granules  pass  into  the  spaces  of  the  parenchyma  of  the 
villi;  these  spaces  communicate  freely  with  each  other.  (4)  The  origin  of  the 
lacteal  in  the  axis  of  the  villus  is  found  to  be  filled  with  fatty  granules.  The 
amount  of  fat  in  the  chyle  of  a  dog,  after  a  fatty  meal,  is  8  to  10  per  cent.,  while 
the  fat  disappears  from  the  blood  within  thirty  hours. 

Forces  concerned. — With  regard  to  the  forces  concerned  in  the  absorp- 
tion of  fats,  V.  Wistinghausen  proved,  that  when  a  jKjrous  membrane  is  moiit- 
ened  with  bile,  the  passage  of  fatty  particles  through  it  is  thereby  facilitated,  but 
this  fact  alone  does  not  explain  the  copious  and  ra]iid  absorption  of  fats.  It  is 
possible  that  the  protoplasm  of  the  epithelial  cells  is  actively  concerned  in  the 
process,  and  that  it  takes  the  particles  into  its  interior.  Perhaps  a  fine  proto- 
plasmic process  is  thrown  out  by  these  cells,  just  as  pseudopodia  arc  thrown  out 
and  retracted  by  lower  organisms.  It  is  possible  that  absorption  may  take  place 
through  the  open  mouths  of  the  goblet  cells.  'Ihe  protoplasm  of  the  epithelial 
cells  is  in  direct  communication  with  the  numerous  protoplasmic  lymph  cells  within 
the  reticulum  of  the  villi,  so  that  the  particles  may  pass  into  these,  and  &om  them 
through  the  stomata  (?)  between  the  endothelial  cells  into  the  central  lacteal  of  the 
villus.  According  to  this  view,  the  absorption  of  fatty  particles,  and  perhaps  also 
the  absorption  of  true  proteids,  is  due  to  an  active  vital  process,  as  indicated  by 
the  observations  of  Briicke  and  v.  Thanhoffer.  This  view  is  suported  by  the  ob- 
servation of  Griinhagen,  that  the  absorption  of  fatty  particles  in  the  frog  is  most 
active  at  the  temperature  at  which  the  motor  phenomena  of  protoplasm  arc  most 
lively.  That  it  is  due  to  simiiU-  filtration  alone  is  not  a  satisfactory  explanation, 
for  the  amount  of  fatty  particles  in  the  chyle  is  independent  of  the  amount  of 
water  in  it.  If  absorption  was  chieily  due  to  filtration,  we  would  expect  that  there 
would  most  probably  be  a  direct  relation  between  the  amount  of  water  and  fat 
{Ludwig  ami  Zau'iisky).  [The  observations  of  Wat ney  have  led  him  to  suppose 
that  the  fatty  particles  do  not  [)ass  through  the  cell  protoplasm  to  reach  the  lacteal, 
but  that  they  pass  through  the  rrmfn/  su//seant:g  between  the  epithelial  cells  cover- 
ing a  villus.  If  this  view  be  correct,  the  absorbing  surface  is  thereby  greatly  di- 
minished.] 

[Zuwarykin,  and  also  Schafer,  suggest  that  the  leucocytes,  which  have  been 
observed  between  the  columnar  cells  of  the  villi  of  the  small  intestine,  are  carrien 
of  at  least  part  of  the  fat  from  the  lumen  of  the  gut  to  the  lacteal ;  they  also, 
pcrhajw,  alter  it  for  further  use  in  the  economy  (p.  322).  According  to  Zuwa- 
rykin, Peyer's  patches,  in  the  rabbit,  seem  to  be  especially  active  in  the  absorp- 
tion of  fat,  so  that  he  attaches  great  importance  to  the  leucocytes  of  the  adenoid 
tissue  in  the  absorption  of  fat.] 
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The  BCtivhy  of  the  cells  of  ihc  intntine  with  p&eutlopoclial  processes  may  be  studied  in  the  jntes- 
linal  canal  u(  InMomum  he^uticum.  Somrucr  has  tigured  these  pseudopodial  pracesses  actively 
en^^gcd  in  the  alnorption  uf  panicles  from  the  intcsiiuc.  Spina  observed  that  the  intestinal  epi- 
thelium of  ilie  larv:t  of  die*  ihorteiied  when  they  Mere  aimubted  with  elcciricity,  and  absorbed 
lluid  from  the  inleslinal  canal.  The  cells  of  the  villi  of  the  frog  alix)  react  to  electrical  stimulation. 
The  tocrcasc  in  the  ^i^e  of  the  cells  occurs  simultaneously  with  the  contraction  of  the  intestine. 
Spina  alsu  supports  the  view  thai  the  cells,  by  virtue  of  their  activity,  possess  the  property  of  absorb- 
ing fluid  from  the  tnicsiinal  contents,  and  again  giving  ic  Dp.  An  exchange  of  Quids  in  the  opposite 
direction  never  takes  place. 

The  »utements  of  former  observers,  th.it  panicles  of  charcoal,  pigments,  and  even  mammalian 
blood  corpuscles  (in  the  frog),  were  at^orbcd  by  the  epithelial  celts  of  the  intestine,  and  passed  into 
the  blood,  are  erroneous.  Even  for  the  absorption  of  completely  fluid  substances,  cndosmosu  and 
tiltraliim  seem  to  be  scarcely  sutTicient.  An  active  participation  of  the  protoplasm  of  the  cells  seems 
here  aIso — in  part,  at  last — to  be  neces^ar)*,  else  it  isdiflicutl  to  explain  liuw  verj' blight  disturbances 
in  the  activity  of  these  cells— ^.^.,  from  intestinal  catarrh — cause  sudden  variations  of  absorption, 
and  even  the  jKissage  of  Duids  into  the  intestine. 

If  absorption  was  due  to  diffusion  alone,  when  alcohol  is  injected  into  the  intestine,  water  ought 
to  pasA  into  the  intestine,  but  this  does  not  occur.  Hrieger  found  that  the  injection  of  a  0.5  to  I 
per  cenL  sL>luiion  of  salts  into  a  ligaured  loop  of  intestine  did  not  cause  water  to  paas  into  the  intes- 
tine;  Inil  it  ap|)cBreil  when  a  20  per  ceul.  solution  was  injected. 

193.  INFLUENCE  OF  THE  NERVOUS  SYSTEM.— With  regard 
to  iiie  intluencc  of  the  nervous  .system  upon  intestinal  absorjuion  we  know  very 
little.  After  extirpation  of  the  semilunar  ganglion  (Bui/f^^),  as  well  as  after  sec- 
tion of  the  mesenteric  nerves  (^Afar^au)^  the  intestinal  contents  become  more  fluid 
and  are  increased  in  amount  (§  183).  This  may  be  partly  due  to  diminished 
absorption.  V.  Thanhoffer  states  that  he  observed  the  protrusion  of  threads  from 
the  epithelial  cells  of  the  small  intestine  only  after  the  spinal  cord,  or  the  dorsal 
nerves,  had  been  divided  for  some  time. 

[Nfatthew  Hay  injected  saline  solutions  directly  into  the  exposed  intestine.  He  found  that  a  20 
per  cent,  solution  of  sulphate  of  soda  always  excites  a  profuse  secretion,  hut  lh.1t  a  10  per  cent. 
u>lution  only  does  so — or,  rather,  that  it  only  increases  in  bulk,  when  injected  111  sufficient  quantity 
— a  certain  weight  of  salt  failing  to  increase  the  bulk  of  the  lluid  secretion  when  dissolved  as  a  to 
percent,  solution,  but  exciting  a  profuse  secretion  when  forming  a  20  per  cent,  solution.  Secretion, 
he  has  reason  tn  believe,  is  aaive  in  Ixiih — perhaps,  almost  ei]ually  active;  but  alisorption  is  greatly 
impeded  in  the  case  of  the  conccntraied  salt,  by  itb  injurious  action  on  the  absorptive  mechanism  of 
the  mucous  memlirane.  Moreau  has  recently  mainiained  that,  under  such  circumstances,  there  is, 
actually,  no  abcorptton;  but  Hay  has  difprovcd  thu.  by  observing  that  ur)'chnia  injected  into  a  loop 
of  inicstinc  containing  the  concentrated  sali.Mill  causes  death,  although  after  an  inlcr\-al  three  times 
litozrr  than  when  the  loop  contains  a  lo  per  cent,  solution  of  the  salt.  Hay  has  also  observed  that 
the  local  effect  of  a  ligature  applied  to  the  intestine  is  to  excite  secretion  from  the  mucoas  membrane 
io  its  immediate  vicinity,  and,  therefore,  add  to  the  bulk  of  the  saline  solution;  whereas,  the 
reflex  eKect  of  a  ligature,  as  exercised  through  the  nervous  system,  is  to  diminish  the  quantity  of 
the  secreted  lluid  in  a  remote  portion  of  the  intestine,  probably  by  slimulating  and  accelerating 
almnption.     Division  of  the  vagi  does  not  afliect  the  nature  ur  the  quantity  of  the  secretion.] 

194-  FEEDING  WITH  "NUTRIENT  ENEMATA."— In  cases  where  food  cannot  be 
taken  by  the  mouth,  <*.  ^.,  \n  stricture  of  the  cesoph.igus,  continued  vomiting,  etc.,  food  is  given  per 
rectum  ( fVAuj,  jj-5  A.i>.).  .V**  the  digestive  activity  of  the  lai^e  intestine  is  very  alight,  fluid  food 
ought  (o  be  given  in  a  condition  ready  to  be  absorbed,  and  this  i^  beM  done  by  introducing  it  into 
the  rectum  through  a  tube  with  a  funnel  attached,  and  allowing  the  food  to  pass  in  slowly  t^  its 
own  weight.  The  patient  must  enc^cavor  lo  retain  the  enema  as  long  as  possible.  When  the  fluid 
is  slowly  and  gradually  introduced,  it  may  pass  above  the  ileocecal  valve. 

Solutions  of  grape  sugar,  and,  perhaps,  a  small  amount  of  soap  T-nlution,  are  useful ;  and  among 
nitrogenous  sulAtances,  the  commercial  tlesh-,  bread-  or  milk  peptones  of  Sandcrs-Ezn,  Adam- 
kiewicz.  in  Gcrminy,  and  DarhyV^  Huid  meat,  and  Carnrick's  beef  peptonoids  in  this  country, 
arc  to  tx  recommended.  The  amount  of  peptone  ref|uired  is  I. II  grms.  per  kilo,  of  body  weight 
< ^Catii/oH)  i  less  useful  are  btitiennitk.  egg  albumin,  with  common  salt.  I^ube  uses  a  mixture  of 
'  150  gnns.  Ilesh,  with  50  grms.  pancreas  and  100  grms.  water,  which  he  slowly  injects  into  the  rectum, 
rhere  the  proteids  are  pejKonued  and  absorbed.  QPcptontzcd  food  prepared  after  the  method  of 
is  very  useful  ({  i?^)-!  The  method  of  nutrient  encmata  only  permits  imperfect  nutrition, 
at  most,  only  1^  of  the  pmteids  necessary  for  maintaining  the  metabolism  of  the  body  is  ab- 
sofbed  {v.  J'««/,  liatt^r).  [Horace  l>obell  recommend-^  that  a  ^'  lb  of  cooke<t  l>eef  or  mutton  be 
gnted,  and  to  it  added  20  grms.  of  pancreas  pDwdet  and  the  same  of  pepsin.  Mix  the  whole  in  a 
worm  mijrtar,  and  add  a  tablespoonful  of  tminLly  and  warm  water,  suthcicnt  to  make  a  semi. Huid 
maw,  which  is  to  be  injected  into  the  rectum.] 
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195.  CHYLE  VESSELS  AND  LYMPHATICS.— LymphaUcB.— Within  the  ti»oe«  of 

the  tiody,  and  even  in  those  ii!.st]es  which  do  not  contain  blood  vesseU,  c^  ,  the  corncA,  o(  in  those 
which  contain  few  blrxid  vc^tseU,  there  exists  a  system  of  vessels  or  channels  which  contain  tW 
juices  gf  the  tissues,  nnd  williin  these  vessels  the  fluid  always  moves  in  b  centtipetal  direction. 
Hiese  canals  ari^e  within  the  tissues  in  a  variety  of  ways,  and  unite  in  their  courae  10  form  deUcue. 
and  afterward  thicker,  tubes,  which,  ultimately,  terminitc  in  two  lar^  trunks  which  open  at  Ike 
junction  of  the  ju^utar  and  sulxrlavian  veins;  that  on  the  left  Mde  is  the  thoracic  ilua,  and  that  on 
the  right,  the  right  lymjihaiic  trunk. 

Lymph. — With  regard  to  the  fympA  atid  its  movements  in  different  organs,  it 
is  to  be  noticed  that  this  occurs  in  diHercnt  ways  in  different  places.  (1)  In 
many  tissues,  the  lymphatics  represent  the  nutrient  channels,  by  which  the 
fluid  which  transudes  through  the  neighboring  vessels  is  diiitribuied,  as  in  the 
cornea  and  in  many  connective  tissues.  (2}  In  many  tissues,  as  in  glands,  r.£., 
l\\Q  salivary  glands  (Giamtzzi)  and  the  testis,  the  lymph  spaces  are  the  chief 
reservoirs  for  fluid,  from  which  the  cells,  during  the  act  of  secretion,  deriw 
the  rtuid  necessary  for  that  process.  (3)  The  lymphatics  have  the  general  func- 
tion of  collecting  the  fluid  which  saturates  the  tissues,  and  carrying  it  back  again 
to  the  blood.  The  cajjillary  blood  system  may  be  regarded  as  an  irrigation 
system,  which  supplies  the  tissues  with  nutrient  fluids,  while  the  lymphatic  system 
may  be  regarded  as  a  drainage  apparatus,  which  conducts  away  the  fluids  thai 
have  transuded  throtigh  the  capillary  walls.  Some  of  the  dcromposilit^n  products 
of  the  tissues — proofs  of  their  retrogressive  metaboli.sm— become  mixed  with  the 
lymph  stream,  so  that  the  lymphatics  are,  at  the  satne  time,  absorbing  vessels. 
Substances  introduced  into  the  parenchyma  of  the  tisstics  in  other  ways — <r. ^.,  by 
subcutaneous  injection — are  partly  absorbed  by  the  lymphatics.  A  study  of  these 
conditions  shows  that  the  lymphatic  system  represents  an  appendix  of  the  blood- 
vascular  system,  and,  further,  that  there  can  be  no  lymph  system  when  the 
blood  stream  is  completely  arrested  ;  it  acts  only  as  a  part  of  the  whole,  and  with 
the  whole. 

Lacteals. — When  we  speak  of  the  lymphatics  proper  as  against  the  fAr/r  i^s- 
se/s  or  liuicahy  we  do  so  from  anatomical  reasons,  because  the  important  and  con- 
siderable lymphatic  channels  coming  from  the  whole  of  the  intestinal  tract  are, 
in  a  certam  sense,  a  fairly  independent  province  of  the  lymphatic  vascular  area. 
and  are  endowed  with  a  high  absorptive  activity^  which,  from  ancient  times,  has 
attracted  the  notice  of  observers.  The  contents  of  the  chyle  vessels  or  lacteals 
are  mixed  with  a  large  amount  of  fatly  granules,  giving  the  chyle  a  white  color, 
which  distinguishes  them  at  once  from  the  clear,  watery  contents  of  the  trtic 
lymphatics.  From  a  physiological  point  of  view,  however,  the  lacteal^  roust  be 
classified  with  the  lymphatics,  for,  as  regards  their  structure  and  function,  Ihey  are 
true  lymphatics,  and  their  contents  consist  of  true  lymph  mixed  with  a  laige 
amount  of  absorbed  substances,  chiefly  fatly  granules.  [The  contents  of  the  lac- 
teals are  white  only  during  digestion,  at  other  limes  they  are  clear,  like  lymph.] 

196.  ORIGIN  OF  THE  LYMPHATICS.— The  mode  of  origin  of  the 
lymphatics  varies  within  the  different  tissues.   The  following  modes  are  known: — 

I,  Origin  in  Spaces. — Within  the  connective  tissues  (connective  tissue  proper,  boDe)  an 
numerous  Blellate,  irregular,  or  branched  spaces,  which  communicate  with  each  other  by  numeiou 
tubular  processes  (Fig.  204,  i);  in  ihese  communicating  spaces  he  the  cellnJar  elemmts  of  ibcae 
tt»ucs.  The^e  spaces,  however,  are  m>t  completely  filled  by  the  cells,  but  an  interval  exiMs  be- 
tween tlic  body  of  the  cell  and  the  wall  of  the  space,  which  is  greater  or  lest  according  to  the  con- 
diiion  of  movement  of  the  protoplasmic  cell.  'I'hcse  s|^ces  arc  the  so-called  *' juice  canals"  or 
•'  saft  caniUchen,"  and  they  represent  the  origin  of  the  lymphatic  vessels  (f.  HtckiiHghaHtfn).  As 
ihey  coiumunicate  with  neighlioring  ^]laces,  the  movement  ul  the  lymph  is  provided  for.  lite  cdu 
which  lie  in  the  spaces,  and  which  were  formerly  hut  erroneously  regarded  by  Virchow  «a  the  ori- 
giti3  uf  the  lymphatics,  exhiUi  amixbutd  movements.  Some  of  these  celU  remain  pemanenily  each 
in  its  own  s|>ace,  within  which,  huweNer,  it  may  change  its  form — these  arc  the  so-called  ** fixed" 
conneaive -tissue  corpu&cles,  and  bone  corpuscles — while  others  merely  wander  or  pass  into  these 
spaces,  and  arc  called  "wandering  cells,"  or  *•  /rufocyffs;"  hui  the  latter  are  merely  lytnph  cor- 
pusclc!»,  or  colorless  blood  corpuscles  which  have  passed  out  of  the  blood  vessels  into  the  ott^in  of 
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xhc  lymphuics.  These  cells  exhibit  amueboid  movements.  The&e  spaces  communicate  with  the  siroall 
tubular  lyrauhBllcs— the  so  culled  lymph  cupiliarm  (L).  The  spaces  lie  close  together  where  they 
pass  into  a  lymph  cipUlary  {a).  XVn  lymph  capiliary,  which  is  usually  of  crenier  diameter  than 
the  blood  cxpUlary,  generally  lies  in  the  middle  of  the  space  within  the  capillary  arch  (b).  The 
finest  lymphatics  are  lirtctl  by  a  layer  of  delicate,  nucleated  endothelial  cells  (i-,  /).  with  characteristic 
sinaouB  margins,  who9e  characters  are  cosily  revealed  by  the  action  of  silver  nitrate  (Fig.  305, 
L).  This  substance  blackens  the  cement  substance  which  holds  the  endothelial  cells  together.  Be- 
tween (he  endothelial  cells  are  .small  holes,  or  stoniata,  by  means  of  which  the  lymph  capillaries 
comnaunicate  (at.t')  with  the  juice  canalf^. 

Ir  is  assumed  that  the  blood  vessels  communicate  with  the  juice  canals  {J,  Ar- 
nold^ Tlioma,  Uskoff)^  and  that  fluid  passes  out  of  the  ihin-wallcd  capillaries, 
through  their  stomau.  into  these  spaces  (§  65).  This  fluid  nourishes  the  tissues, 
the  tissues  lake  up  the  substances  appropriate  to  each,  while  the  effete  materials 
pass  back  into  the  spaces,  and  from  these  reach  the  lymphatics,  which  ultimately 
discharge  them  into  the  venous  blood. 

Whether  the  cells  withio  these  spaces  arc  actively  concerned  in  the  pouring  out  of  the  blood 
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Oricia  of  Ijnnplutics  fioni  the  central  tcadon  of  the  diaphraetn  of  >  rabbit  (Mtni-diagnmnutic);  «,  the  iuic« 
caiuU,  cuntmunicatlag  «t  jr  with  the  lymphatici :  a.  origiii  uf  the  lymphallci  by  ihc  cooflucou  o\  ivvenit  juke 
cmmU.    The  liuuc  tuu  beCD  itaincd  with  oitrate  of  lilvcr. 


plA«ma,  or  take  part  in  its  movement,  is  matter  for  conjecture.  We  can  imagine  that  by  contracting 
their  body,  after  it  has  been  impregnate<l  with  Huid,  this  Huid  may  be  propelled  from  space  to  space 
lowftnl  the  lymphatics.  The  leucocytes  wander  through  these  spaces  until  they  pass  into  the 
lymphatics.  l-"tne  panicles  which  are  contained  in  these  spaces— <-.^'.,  after  tattooing  the 
skin,  and  even  fatly  particles  after  inunction — are  absorbed  by  the  leucocytes,  and  carried  by  them 
CO  other  parts  of  the  body.  [Tlie  pigment  panicles  used  to  tattoo  the  tioger  arc  usually  foand  within 
(he  first  iympfaAtic  gland  ai  the  elbow,] 

After  what  has  been  said  regarding  the  passage  of  colorless  blood  corpuscles 
through  the  stomata  of  the  blood  capillaries,  or  through  the  walls  of  the  smaller 
blood  vessels  (§  95),  the  passage  of  cellular  elements  from  the  blood  vessels  into 
the  origin  of  the  lymphatics  is  to  be  considered  as  a  normal  process  {K.  /fertn^). 
Granular  coioring  matter  passes  from  the  blood  into  the  protoplasmic  Ixidy  of  the 
cells  within  the  lymph  spaces ;  and  only  when  the  granular  pigment  is  in  large 
amount,  does  it  appear  as  a  granular  injection  in  the  branches  of  the  juice  spaces 
\^Uskoff). 
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This  S(iacc  ts  called  ilic  perivascular  sfmce  of  /lis,  but  tn  addition  to  it  the  blood  vessels  of  the  brain 
Iwi»c  a  lymph  space  within  the  advcntitia  of  the  l)lood  vessels  {  yirckmo-Kohin's  sfiaer).  It  is  partly 
lined  by  a  well  defined  enduthelium.  Witrre  ihe  bloiKl  vessels  begin  lo  increnje  considembly  tu 
diameter,  they  pas:$  through  the  wall  of  the  lytopliatics,  aod  the  two  vessels  afterward  take  sepa- 
ntc  coimes.  la  all  cases  where  there  is  a  {xrivascular  space,  the  [KisMH;e  of  lymph  and  blood 
oorposcles  into  the  lymphatics  i%  greatly  facilitated.  In  the  tortoise  the  large  blood  vessels  are  often 
surrounded  with  perivascular  lymphatics.  Fir.  io6,  A,  rivcs  a  representation  of  the  aorta  sur- 
roandcd  by  a  perivascular  space  (Cegftihaur)  which  is  visible  to  the  unaided  eye.  In  mammals  the 
penvucuUr  spaces  are  micmscopic, 

(4)  Ori(;in  in  the  form  of  interstitial  slits  within  organs. — Within  the  testis  the  lymphatics 
begin  nmply  iii  the  form  of  numerous  slits,  which  occur  between  the  coils  and  twists  of  the  seminal 
tubules.  Tliey  take  the  form  of  elongated  spaces  bounded  l>y  the  curved  cylindrical  surfaces  of  ihe 
tutjulcs.  The  surfaces,  however,  are  covtrcd  with  endothelium.  The  lymphatics  of  the  testis  g« 
independent  walls  .ifier  they  leave  the  irtrcnchyma  of  the  organ.  In  many  other  glands  ihe  |<laud 
substance  is  similarly  surrounded  by  a  lymph  space.  The  blood  vessels  pour  the  lymph  into  these 
spaces,  ami  froflo  them  the  secreting  cells  oUaiD  the  materials  necesitary  for  the  formation  of  their 
secret  inn. 

(5)  Ortjtin  )>y  mean!  of  free  stomata  on  the  walls  of  the  larger  serous  cavities  fFig.  207,  a). 
— The  investigations  of  v.  Hecklini.^hau'icn.  Ludwig,  Dybkowsky.  Schwei^er-Setdel,  Dogiel,  and 
others  have  shown  that  Ihe  old  view  of  M^scagni.  that  the  serous  cavities  freely  communicate  with 
the  lymphatics,  is  correct.  The  invr^iigation  of  the  serous  surfaces  is  most  easily  accomplished  on 
the  sepinm  of  the  great  abdominal  lymph  sack  of  the  frog.  Silver  nitrate  distinctly  reveals  the 
presence  of  relatively  large  free  openings  or  stomata  lying  between  the  cndotheUum.     Each  stoma 

Fn;.  208. 


Two  lymph  follklM. 


A,  a  toiall  (blllclc  hl^ltly  nugnified,  vhowliu  ihe  adenoid  reticulum  ;  B,  a  follicle  less  highly 
Ducnified,  showing  Injected  blood  veueb. 


Is  bounded  by  several  germinating  cells,  which  have  a  granular  appearance,  and  undc^  a  change 
«^f  sUiipr,  stp  th^t  the  si/e  of  (he  stoma  depends  upon  the  <legree  of  conlraclion  of  these  cclK ;  thus 
ihe  stoma  may  be  open  i».  half  open,  (*),  or  completely  closed  (^j.  These  stomata  are  the  origin  of 
the  lymphatics.  The  serous  cavities  belong  therefore  lo  the  lymphatic  syHem,  and  tluids  placed  in 
the  serous  cavities  readily  pass  into  the  lymphatics.  The  cavities  of  Ihe  penloneum,  pleura,  perl 
cardium,  tunica  vaginalis  testis,  arachnoid  s|iace,  aqueous  chambers  of  the  eye  {Schwatfv)^  and  (he 
latTTinth  of  the  ear.  are  true  lymph  cavities,  and  the  fluid  they  contain  is  to  be  regarded  as  lymph. 

(6)  Free  open  pores  have  l»ecn  observed  on  some  mucous  trtfm&raMfs,  which  are  regarded  as  the 
rigin  of  lymphatics.  e,g.^  in  the  bronchi  {Alfin) — the  nasal  mucous  membrane  {Hjaimar- Heiberg)^ 
'In  the  trachea  and  larynx. 

Structure. — Ihc  larger  lymphatics  resemble  in  structure  the  veins  of  conesponding  size.  The 
valves  are  particularly  numerous  in  the  lymphatics,  so  that  a  distended  lymphatic  resembles  a 
chain  of  pearls.     [Lymphatics  have  dilatations  here  and  there  in  their  coarse  (Fig.  205).] 

197.    LYMPH  GLANDS.— The  so-called  lymphatic  glands  belong  10 
ihc  lymph  apparatus.     They  are  incorrectly  termed  glands,  a.s  they  are  merely 
kuch  branched  lacunar  labyrinthine  spaces  composed  of  adenoid  tissue^  and  inter 
ilaied  in  the  course  of  the  lymphatic  vessels. 
They  are  simple  and  compound  lymph  glands. 

(1^  The  simple  lymph  glaiids,  or,  more  correctly,  lymph  follicles,  are  small,  rounded  bodies, 
about  the  sije  of  a  pin  head.  They  consist  of  a  ma^s  of  adenoid  tissue  (Fig.  208,  Al,  /.  /.,  of  a 
,  very  delicate  network  of  tine  rcclicular  tibrc«  with  nuclei  at  their  points  of  intersection,  and  in  the 
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spaces  of  the  mcshwork  lie  the  lymph  and  the  tymph  corpuKcles.  Near  Ihc  »ur6ice.  the  It 
sumewhot  denser,  where  it  forms  a  cs^isale,  which  is  not  however  a.  true  capsule,  as  it  is  [>crindted 
with  numerous  sronll^  ^ponge-lilte  spaces.  Small  lymphatics  come  directly  into  contact  with  tbcke 
lymph  foHicle^i,  and  often  cnver  thrir  .surfnce  in  the  form  of  a  close  network.  The  surface  of  the 
lymph  fuHictes  is  nnt  anfrequenlty  placed  in  the  wall  of  a  lymph  veKel,  so  that  it  is  rttrectly  bathed 
by  the  lymph  alrcam.  Although  no  direct  canal  like  opening  leads  from  the  follicle  into  the 
lymphatic  stream  in  relation  with  it,  a  cnnimunication  most  extKt,and  thii  is  obtained  by  the  nutner- 
otis  spaces  in  the  follicle  itself,  so  that  a  lymph  follicle  is  a  true  lymphatic  apparatus  whose  juices 
and  lymph  corpuscles  can  puss  into  the  neartst  lymphatic  {Brficie).  The  follicles  arc  surrounded 
by  a  network  of  blood  vcxseU  which  send  loop<t  nf  capillaries  into  their  interior  (Fig.  3oS,  B).  We 
may  assume  tliat  lymph  corpuscles  pass  from  these  capillaries  into  the  follicle. 

In  connection  with  these  follicles,  including  those  of  the  back  of  the  tongue,  the  solitary  gluwh 
of  the  intestine  and  the  adenoid  tissue  in  the  bronchial  tract,  the  tonsils,  IVycr's  patches,  it  is  import- 
ant to  remember  that  enormous  numbers  of  leucocytes  pass  out  between  the  epithelial  cells  cover- 
ing these  follicles.     The  extruded  leucocyies  undergo  disintegration  subsequently  (PA.  StSAr], 

(2)  The  compound  lymph  glands — the  so-called  lymphatic  glands— represent  a  cpttectio* 
of  lymph  ffjlliclc.s,  whose  form  is  somewhat  altered.  Every  lymph  gland  is  covered  externally  with 
a  connective-tissue  capsule  {Kig.  209,  c),  which  contains  numerous  non-Mriped  muscular  Hhrts  ((.1. 
Hey/eldfr).  From  its  inner  surface,  numerous  septa  and  irabccula:  {tr)  pa-^s  into  the  ioterior  of  ibe 
gland,  so  that  the  gland  substance  is  divided  into  a  large  number  of  compartments.     These  coa- 
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biagrammalic  Mction  of  a  lym^itiaiic  sUnd.    a,  /,  afferent ;  «,  t,  efferent  \ymphatfci ;  C,  cotttcd  ■uhttancc  :  M, 
ret>i:ul«r  cunin  of  medulla ;  /.  4,  lymph  sinus  ;  c,  cap«ulc,  with  trabecule,  tr.  (SAar^ty) 


partments  in  the  cortical  portion  of  the  gland  have  a  somewhat  rounded  form,  and  constitute  the 
alveoli,  while  in  the  medullary  poriioi^they  have  a  more  elongated  and  irregular  form.  [C>n  making 
a  section  of  a  lymph  gland  we  can  readily  distinguish  the  cortical  from  the  medullary  portion  of 
the  gland.]  All  the  compartments  are  of  equal  dignity,  and  they  all  communicate  with  each  ocber 
by  means  of  openings,  so  that  the  septa  bound  a  ridi  network  of  spaces  within  the  gland,  which 
communicate  on  all  sides  with  each  other. 

These  spaces  arc  traversed  by  tlic  follicular  threads  (Fig.  2\o,/,/).  These  represent  the  contents 
of  the  spaces,  but  they  arc  smaller  than  the  spaces  in  which  they  lie.  and  do  not  come  into  coniaa 
anywhere  with  the  walls  of  the  spaces.  U  we  imagine  the  spaces  to  be  injected  with  a  mass,  which 
ultimately  shrinks  to  one-half  of  it>  original  vulunie,  we  obtain  a  conception  of  the  relation  of  these 
follicular  threads  to  the  spaces  of  the  gUnrL  The  blood  vessels  of  the  gland  (ii|  lie  within  the^e 
follicular  threads.  They  arc  surrounded  b>*  a  tolerably  thick  crust  of  adenoid  ti<>sue,  with  very  fine 
meshes  [x,  x)  filled  with  lymph  corpuscles,  and  with  its  surface  fu.  o)  covered  by  the  cells  of  the 
■denoid  reticulum,  in  ^uch  a  way  as  to  leave  free  communications  tlirough  the  narrow  meshes 

Between  the  surface  of  the  follicular  threads  and  the  inner  wall  of  all  the  spaces  of  the  gland, 
hcs  the  lymph  channel  or  lymph  path  \}^^  B),  which  is  traversed  by  a  reticulum  uf  adenoid  ttwae. 
Containing  relatively  few  lymph  corpuscles.  It  is  very  probable  that  these  tymph  paths  are  lined 
by  endothelium  {v.  Rfcklinghat4Stn). 

The  vasa  afiferentia  (Fig.  209,  a»  /),  of  which  there  are  usually  several,  expand  upon  the  surface 
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tf  the  glanrl,  perforate  the  outer  capsule,  and  pour  their  content*  into  the  lymph  pnths  (C)  of  the 
in<l.  The  vasa  efTerencU,  which  are  Icm  numerous  than'  the  atTerentia,  nml  come  out  at  the 
ktlum,  form  l-nri^c.  «idc,  nhno&l  cavcruous  dUataiions,  and  they  anastomose  near  the  ^^lanJ  (f,/). 
~1ir"-»uyh  them  the  lymph  passes  out  at  the  opposite  sufface  of  the  gland.  The  lympli  pcrctjlates 
truugh  the  gland,  and  pa>^e<i  along  the  lyntpii  paihs,  which  represent  a  kind  of  rete  mirahile  inter- 
posed tKtwecn  I  tic  aflcrcnt  and  efferent  lymph  vessels. 

Otiring  il«  passage  throut;h  this  compHcaled   branched  system  of  spaces,  the  movement  of  the 

rmph  through  the  gland  is  retarded,  and,  owing  to  the  numerous  resistances  which  occur  in  its 

tlh.  it  has  very  lilllc  prupul5ivc  energy.     The  lymph  corpuscles  which  lie  in  the  meshes  of  the 

lennid  rriicuUim  are  washed  out  of  the  gland  by  tlic  lymph  stream  [Jiriickf).     The  lymph  cor- 

_        Ics  lying  within  the  follicular  threads  pas;,  through  the  iKirrow  me-^hes  (O)  into  the  lymph 

-ptkUis.     The  formation  of  lymph  corpuscles  occurs  either  locally,  from  diviwon  of  the  prc-eniiting 

cells,  o»  new  leucocyte*  wander  out  into  the  follicular  threads.     The  movement  of  the  lymph 
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A,  Vr>  alTeren« :  H.  D.  lymph  pAthft  wilhln  ihiclaod:  A.x.sepuor  traltcculse  seen  ua 
,_  .  JkiiUeuiju-  ktrand  frani  t1i«  recdiitb;  ^,  ^,  iIk  atlenuid  mtlcumin  ,  ^.  lu  blood  vcwhcU;  #,  «,  oarrow 
iput  limiliDtt  lltc  r<illiciil.4r  iintnilt  from  the  lyni|th  paih, 


ihr^nigh  the  gland  is  favored  by  the  muscular  action  of  the  capsule.  When  the  capsule  contracts 
energetically,  it  most  compress  the  gland  like  a  sponge,  and  the  direction  in  which  the  Huid  moves 
b  regulated  by  the  position  and  arrangement  of  the  valves.  The  researches  of  Teichmann,  His, 
Frey,  UrUcke  and  v.  Rctkliughaiiscn  have  chieHy  contributed  to  the  clucidatinn  of  the  morpho- 
logical and  physiological  relaiion<>;  of  the  I}-mph  glands. 

Chemistry.  —  ln  aildttion  to  the  constituents  uf  lymph,  the  following  chemical  substances  have 
t»een  found  in  lymphatic  glands:   Leucin  [J-rrriiAi  atui  Stifi/der)  and  Xanthin. 

198.  PROPERTIES  OF  CHYLE  AND  LYMPH.— Chyle  and 
Lymph  are  albutninous,  colorless,  clear  juires,  tonlaining  lymph  corpuscles, 
which  are  ideniical  with  the  colorless  blood  corpuscles  (§  9).  In  some  places, 
r,^,,  in  ihe  lymphatics  of  the  spleen,  especially  in  starving  animals  {Naise)^  and 
33 
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in  the  thoracic  duct,  a  few  colored  blood  corpuscles  have  "been  found.  The 
lymph  corpuscles  are  supplied  to  the  lymph  and  chyle  from  the  lymphatic  glands 
and  the  adenoid  tissue.  As  to  their  source  see  §  200,  2,  They  also  pass  out  of 
the  blood  vessels  and  wander  into  the  lymphatics.  As  red  blood  corpuscles  have 
also  been  seen  to  pass  out  of  the  blood  vessels  {Strieker,  J.  ArnoU),  this  explains 
the  occasional  presence  of  these  corpuscles  in  some  lymphatics;  but  when  the 
pressure  within  the  veins  is  high  near  the  f^/z/Va/ orifice  of  the  thoracic  duct,  red 
blood  corpuscles  may  pass  into  the  thoracic  duct.  But  we  are  not  entitled  to  con- 
clude from  their  pressure  that  lymph  cells  form  red  blood  corpuscles.  In  addi- 
tion, the  chyle  contains  numerous  fatt/  granules  each  surrounded  with  an  albu- 
minous envelope.  [Thus  the  chyle,  in  addition  to  the  constituents  of  the  lymph, 
contains,  especially  during  digestion,  a  very  large  amount  of  fat,  in  the  form  of 
the  finely  emulsionized  fat  of  ihe  food,  which  gives  it  its  characteristic  tt-A//^  or 
milky  appearance.  During  hunger,  the  fluid  in  the  lacteals  resembles  ordinary 
lymph.  The  fine  fat  granules  constitute  the  so-called  '•  molecular  basts'*  of 
the  fhyle.] 

Composition  of  Lymph. — The  lymph  consists  of  a  plasma  with  lymph 
corpuscles  suspended  in  it.  The  corpuscles — for  the  mo^t  part  investigated  m 
the  furm  o( /us  Ci'//y— consist  of  a  swollen-up /r(;/W(/ and  soiubU  paraghbuhn, 
together  with  Ucithin^  cercbrin^  choUsterin  and _/(//,  while  their  nuclei  yield  nvc/an. 
Nuclein  contains  P,  and  is  prepared  by  the  artificial  digestion  of  pus,  as  it  alone 
remains  undigested  ;  it  is  soluble  in  alkalies,  and  is  precipitated  from  this  solution 
by  acids.  It  gives  a  feeble  xanthoproteic  reaction.  When  subjected  to  the  pro- 
longed action  of  alkalies  and  acids,  it  yields  substances  allied  to  albumin  and 
syntonin.  Miescher  found  ghco^fn  in  the  lymph  corpuscles  of  serous  fluids  (§ 
24).  The  lymph  plasma  contains  the  three  so-called  fibrin  factors  (|  29), 
derived  very  probably  from  the  breaking  up  of  lymph  corpuscles.  When  lymph 
is  withdrawn  from  the  body,  these  substances  cause  it  to  coagulate.  Coagula- 
tion occurs  slowly,  owing  to  the  formation  of  a  soft,  jelly-like,  small  "lymph 
clot,"  winch  contains  most  of  the  lymph  corpuscles.  The  exuded  fluid  or 
lymph  serum  contains  aika/i  alhumitmte  (precipitated  by  acids),  serum  aJbumin 
(coagulated  by  heat),  and  f>araghlmiin — the  two  latter  occurring  in  the  same  pro- 
portion as  in  blood  serum  ;  37  per  cent,  of  the  coagulable  proieids  is  paraglobu- 
iin  iSah'ioli).  Peptone  has  been  found  in  chyle  (?  and  f>erhaj)s  also  in  lymph); 
also  urea  (  H'ur/z),  lettiin  and  sugar. 

(2)  Chyle,  which  occurs  within  the  lacteals  of  the  intestinal  tract,  can  only 
be  obtained  in  very  small  amount  before  it  is  mixed  with  lymph,  and  hence 
the  difficulty  of  investigating  it.  A  few  /ymph  corpuscles  occur  even  in  the 
origin  of  lacteals  within  the  villi,  but  their  number  increases  in  the  vessels 
beyond  the  intestine,  more  especially  after  the  chyle  has  passed  through  the 
mesenteric  glands.  The  amount  of  solids  which  undergoes  a  great  increase 
during  digestion,  on  the  contrary,  diminishes  when  chyle  mixes  with  lymph. 
After  a  diet  rich  in  fatty  matters,  the  chyle  contains  innumerable  y</^^frwjtir/^/ 
(2-4  tt  in  size).  [This  is  the  so-called  *'  molecular  basis"  of  the  chyle.]  The 
amount  of  fibrin  factors  increases  with  the  increase  of  lymph  corpuscles,  as 
they  are  formed  from  the  breaking  up  of  the  lymph  corpuscles.  Grohe  found 
a  diastatic  ferment  in  chyle,  which  was  probably  absorbed  from  the  intestine, 
occasionally  sugar,  to  2  per  cent.  {Colin);  after  much  starchy  food,  laetates 
have  been  found  i^Lchmann)^  peptone  in  the  leucocytes  (§  192,  I,  3),  and  traces 
of  urea  and  leucin  (  VVurtz). 


The  Cbyle  of  a  person  who  was  executed  contatoed  :— 


Woter 90,5  per  cent. 

Solids 95       " 


Solid 


'Fibrin true. 

Alhomio ,   .   ,    7-1 

F«« O^ 

Exiractives. ].o 

Sails 04 


QUANTITY   OF    LYMPH    AND   CHYLE. 


339 


O.  Schmidt  found  the  following  inorganic  subataoces  in  looo  {larts  of  chyle  (horse) ; — 


Sodic  chloride  ....  S-^ 

Soda 1.17 

Potash 0.13 


Sulphuric  acid  ....  0.05 
I'hosphoric  acid ....  0.05 
Calcic  phosphate    .   .   ,  o.30 


Magne&ic  pliosphaie  .    .  0.05 
Iron trace. 


(3)  The  lymph  obtained  from  the  beginning  of  the  lymphatic  system  also 
contains  very  tew  lymph  corpuscles ;  it  is  clear,  transparent  and  <  olorlcss,  and 
closely  resembles  the  fluids  of  serous  cavities.  That  the  lymph  coming  from  dif- 
ferent tissues  varies  somewhat,  is  highly  probable,  but  this  has  not  been  proved. 
After  lymph  has  passed  through  lymphatic  glands,  it  contains  more  corpuscles, 
and  also  more  solids,  especially  albumin  and  fat.  Hitter  counted  8200  lymph 
corpuscles  in  one  cubic  centimetre  of  the  lymph  of  a  dog. 

Hensen  and  Dahnhardt  obtained  pure  lymph  in  considerable  quantity  from  a 
lymphatic  fistula  in  the  leg  of  a  man.  It  had  an  alkaline  reaction  and  a  saline 
taste.  It  had  the  following  composition;  which  may  be  compared  with  the  com- 
position of  serous  transudations: — 


Pure  Lymph 
{//tmem  A>  DSAmJkmrtf/). 

Cercbro-ipinal  KIuM 

Pericardial  l-lutil. 

Waier 9863 

SoUds 1.37 

Fibrin o.n 

98.74 
1.2s 

•  • 

a  16 

•  . 

1'he  cerehro-spinal  fluid   and   ab. 
domlnai   lymph  contain  a  kind  of 
sugar  ( without  the  propeny  of  rotat- 
ing polarixed  ligbt — iUppt-Styttr), 

95-51 

0.08 
2.46 

1.2'6 

Albumin 0.14 

Alkali  albuminate  ....    0.09 
Kxiiadivcs 

Urea,  Lcucin 1,05 

70  vol.^  of  CO,,  50%  of  which 
could  be  pumped  out.  and  20% 
by  the  addition  of  an  acid. 

100  pans  of  the  Ash  of  Lymph  contained  the  following  substances; — 


Soditim  chloride     .   .    .  74.48 

Soda 10.36 

Potash 3.26 


Sulphuric  acid i.aS 

Carbonic  acid 8.21 

Iron  oxide 0,06 


Lime 0.98 

Magnesia 0.27 

Phosphoric  acid      ...  1 .09 

Just  as  in  blood,  potash  and  phosphoric  acid  are  most  abundant  in  the 
corpuscles,  while  soda  (chiefly  soduiiu  chloride)  is  most  abundant  in  the 
lymph  serum.  The  potxsh  and  phosphoric  acid  comjjounds  arc  most  abundant 
in  cere  bro -spin  a  I  fluid,  according  to  C  Schmidt.  The  anwunt  of  tvaUr  in  the 
lymph  rises  and  falls  with  that  of  the  blood.  Gases. — Dog's  lymph  contains 
much  CO3 — more  than  40  vols,  per  cent.,  of  which  17  per  cent,  can  be  pumped 
out,  and  23  per  cent,  expelled  by  acids,  while  there  are  only  traces  of  O  and  1.2 
vols,  percent.  N  {Ludwigy  Hammersten). 

The  observation  that  when  lymph  is  collcclcd  from  large  vessels  and  exposed  to  the  air.  it  becomes 
re<l  {funke),  is,  a&  yet,  unexplained;  but  it  is  certainly  not  due  to  the  formation  of  colored  corpus* 
cics  from  colurle&s  ones,  nwiny  to  contact  with  the  tJ  of  the  air. 

199.  QUANTITY  OF  LYMPH  AND  CHYLE.— When  it  is  stated 
that  the  total  amount  of  the  lymph  and  chyle  passing  through  llie  large  vessels 
in  twenty-four  houis  is  equal  to  the  amount  of  the  blood  {^Bidder  and  C.  Schmidt)^ 
It  must  be  remembered  that  this  is  merely  a  conjecture.  Of  this  amount  one-half 
may  be  lymph  and  the  other  half  chyle.  The  formation  of  lymph  in  the  tissues 
takes  place  continually,  and  without  intemipiion.  Nearly  6  kilos,  of  lymph  were 
collected  in  twenty-four  hours  from  a  lymphatic  fistula  in  the  arm  of  a  woman, 
by  Gubler  and  (^uevenne ;  70  to  100  grms.  were  collected  in  1 34  to  a  hours  from 
the  large  lymph  trunk  in  the  neck  of  a  young  horse.  The  following  conditions 
affect  the  amount  of  chyle  and  lymph  :  — 
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( I  ^  Tlie  amount  of  chyle  undergoes  very  considerable  increase  during  diges- 
tion, more  esijecially  after  a  full  meal,  so  thai  the  larteals  of  the  mesrniery  ;ind 
intestine  are  distended  with  white  or  milky  chyle.  During  hunger,  the  lymph 
vessels  are  collapsed,  so  that  it  is  difficult  to  see  the  large  tnmks. 

(2)  The  amount  of  blood  itta-fases  with  the  activity  of  the  organ  from  which 
it  proceeds.  Active  or  passive  muscular  movements  greatly  increase  its  amount. 
I,esser  obtained  in  this  way  300  cubic  centimetres  of  lymph  from  a  fasting  dog. 
whereby  its  blood  became  so  inspissated  as  to  cause  death. 

(3)  All  conditions  which  increase  the  pressure  upon  the  juices  of  the  tissues 
increase  the  amount  of  lymph,  and  vice  tend.     These  conditions  are : — 

(o]  An  increase  of  the  blood  pressure,  not  only  in  the  whole  vascular  system,  hot  also  in  tbc 
vessels  of  the  cur  responding  organ,  auj^mctils  llic  iimount  of  lymph  and  r-ite  vtrsS  { Ludteig^  Temi4\. 
TliU,  however,  is  doulrtful,  as  has  Iwcn  shown  by  P.iscliuiin  and  Kjnminghaus,  [In  mdrr  tt>  incrcax 
the  amount  of  lymph  depending  upon  presi«ure  «'iihin  ihe  vessels,  nhot  tnust  bappen  is  incuwtd 
prcssuie  within  the  capdlarics  and  veins.] 

\J>)  Ligature  or  obstruction  ol  the  cHcrcnt  veins  greatly  increases  Ihe  amount  of  lymph  which 
flows  from  the  corresponding  iiarts  {Hiddfr^  EmmiHghaHi).  It  may  he  duuliled  in  amount  \  ti  rtii). 
Tight  bandages  cause  a  swellini:  of  the  pans  on  the  peripheral  side  of  the  bandage,  nntug  lu  a 
copious  effuMon  of  lymph  into  the  tisMic  tcongcslivc  ordcma). 

{t^)  An  increased  supply  of  arterial  blood  acts  in  the  same  vay,  but  to  a  less  degree,  Parmlysu 
of  the  vasomotor  nerves  {Lut/ivi^').  or  kiimulatiun  of  vaso<Iilaior  fihre*  (Gianuzsi),  by  increasing  the 
Kupply  of  blood,  increa-tes  the  amount  of  lymph;  while  diminution  oi  the  blood  supply,  owing  iv 
stimulation  of  Tasomntor  libres  or  other  causes,  diminishes  ihe  amount.  Even  after  ligature  of  tulh 
camti(L«,  as  the  head  is  still  sup)>Hed  with  blood  by  the  vertcbrals,  the  lymph  stream  in  iIk  large 
cervical  lymphalic  dots  not  cease  (  tV.  A'rausr). 

(4)  When  Ihe  tot.i1  amount  of  the  blood  i«  incrca-^ed,  by  the  injection  of  blood,  serom,  or  milk 
iuio  the  arteries,  much  Huid  parses  into  the  tissues  and  increaM:&  the  formation  of  lymph. 

(5)  The  romintion  of  lymph  still  gttrs  on  for  a  short  lime  alter  death,  and  after  complete  ce«ftaliott 
of  the  action  of  the  heait,  but  only  to  .1  slight  extent.  If  fresh  blood  be  caii»ed  tu  cticulale  in  the 
body  of  an  animal,  while  it  is  still  warm,  more  lymph  flows  from  the  lymphatic^  (  Cfii/rsu4\.  It 
appears  as  if  the  tissues  obtained  plasma  from  the  blood  for  a  time  after  the  stoppage  of  the  <ifvuU' 
(ion.  Thig,  pcrh.ips.  explains  the  circumstance  that  some  tissues — f.g.^  connective  tissues — concain 
more  lluid  after  death  than  during  life,  while  the  blooit  \cssels  have  given  out  a  coasidcrablc  anxiBul 
of  their  piajima  after  dcaih. 

(6)  The  amount  of  lymph  is  increased  under  the  influence  of  curara  {Ltsitr^  Pau-fmiim'),  and  so 
islheamDuni  of  lolidsin  ihe  lymph.  A  large  amount  of  lymph  collects  in  the  lymph  sacs[esiircully 
Ihe  BtdilingiialJ  of  frogs  poisoned  with  curara,  which  i^  partly  ckplamed  liy  the  fact  that  the  1ymf<li 
hearts  arc  [»ara1yred  by  curara  [BitiJer).  The  amount  of  lymph  is  also  increased  in  inllajncd  poru 
\Lai3ar). 

200.  ORIGIN   OF   LYMPH. — (i)  Origin  of  the  Lymph  Plasma.— 

The  lym[>h  ])la:4ma  may  be  regarded  xs  fluid  wnith  has  been  pressed  throii^h  the 
walls  of  the  lilood  vessels  by  the  blood  pressure,  /.  <r.,  by  filtration  into  the  ti^tir>. 
The  stt//s  which  pass  most  readily  through  membrane?,  ^o  through  nearly  in  the 
fiatiie  proportion  as  they  exist  in  blood  plasma — \V\c  ^dnn  factors  10  sihoMX.  two- 
thirds,  and  ailmmin  to  al)Out  one-hali  of  that  in  the  blood.  .\s  in  the  case  of  other 
filtration  processes,  the  amount  of  lymph  must  increase  with  increasing  pressure. 

This  was  proved  by  Ludwig  and  Tomsa,  who  found  thai  when  they  passed  blood  serum  umler 
varymt;  pressures  throui^h  tlic  blood  vessels  of  an  excised  testis,  ihc  amount  of  transuded  tluid  Mhiek 
flowe<l  from  the  lymphatiL-s  varied  with  llie  pressure,  niis  "  artificial  lymph  "  had  a  comi.>oMtio«i 
similar  i>t  that  of  ihe  natural  lymph.  Kvcn  the  amount  of  albtimin  increased  wiih  increasing  [ires>urc. 
The  lymph  plasma  is  mixed  m  the  ddicreut  tissues  with  the  dccumpoiiitian  products,  ihe  recnii*.  <^f 
the  metabuliMH  ol  the  ussues. 

When  ihe  muscies  are  in  action,  not  only  is  the  lymph  poured  out  more  rapidly, 
but  more  lymph  is  formed.  The  tendons  and  fasci.-e  of  the  muscles  of  the  skelctoa, 
whit:h  are  pruvided  with  nmnerous  small  stomata,  absorb  the  lymph  £roni  ibc 
muscles.  Hy  the  alternate  contmction  and  relaxation  of  these  fibrous  structures, 
they  act  like  suction  iium]w,  whereby  the  lymphatics  are  alternately  filled  and 
emptied,  while  the  lymph  is  propelled  onward.  Even  pttssive  miK'emefr/s  act  in 
the  same  way.     If  solutions  be  injected  under  the  fascia  lata,  they  may  be  propdfed 
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>nwnrd  to  the  thoracic  duct  by  passive  movements  of  the  limb  {^Ludwig,  S^h^oeigger- 
Srt\/r/t  and  GtHcrsich). 

(^\  The  Origin  of  the  Lymph  Corpuscles  varies. — (i )  A  very  consider- 
able number  of  the  lympli  coriuisclcs  are  derived  from  the  lymphatic  glands; 
ihey  are  washed  out  of  these  glands  into  the  vas  efierens  by  the  lymph  stream, 
hence,  the  lymph  always  contains  more  corpuscles  after  it  has  pxsscd  through  a 
lymph  gland.  Small,  isolated  lymph  follicles  permit  corpuscles  to  pass  through 
their  limiting  layer  into  the  lymph  stream.  (2)  A  second  source  is  those  organs 
whose  basis  consists  of  adenoid  tissue,  and  in  whose  meshes  numerous  lymph 
corpuscles  occur,  <*. .c,  the  mucous  membrane  of  the  entire  intestinal  tract,  red 
marrow  of  bone,  and  the  spleen  (§  103).  In  these  cases  the  cells  reach  the  origin 
of  the  lymph  stream  by  their  own  am<eboid  movements.  (3)  As  lymph  corpuscles 
are  returned  to  the  blood  stream,  where  they  appear  as  colorless  blood  corpuscle;:, 
so  they  again  pass  out  of  the  blood  capillaries  into  the  tissues,  partly  owing  to 
their  annuboid  movements  {Cohnheim),  and  ihey  are  partly  expelled  by  the  blood 
pressure  {Hering\.  In  rare  cases  lym])h  corpuscles  wander  from  lymphatic  spaces 
l>ack  again  into  the  blood  vessels  {v.  Recklinghausen). 

Fine  particles  of  cinnabar  or  milk  gtnhulcs  iotniHuccd  into  ihc  blood  soon  pass  into  the  lymphatics, 
and  the  vasomotor  nerves  ito  not  afFeci  the  process.  The  exlrmion  of  particles  is  greaicr  duriim 
rennB»  con^^estion  \\\kv\  when  the  ettculation  Is  inidisUirlxrH,  just  as  with  HiapcdcMs  (^  93) ;  inflnm- 
maiory  affections  of  the  vascular  wall  al«o  favor  their  p.-i»;age.  The  vessels  of  the  portal  system  are 
especially  pervious  {/Cuiimtyer). 

(4>  By  division  of  the  lymph  corpuscles,  and  also  by  proliferation  of 
the  fixed  connective-tissue  corpuscles  {ffis).  This  process  certainly  occurs 
during  inrtiimmation  of  many  organs.  This  has  been  proved  for  the  excised  cor- 
nea kept  in  a  moist  chamber  (?*.  ReckUnghattscn.  Hoffmann)  ;  the  nuclei  of  the 
cornea  corpuscles  proliferate  also  {Strieker,  //orris). 

That  the  connective-lisRuc  corpuscles  proliferate  if  fhown  by  the  enormous  production  of  lymph 
coq>iiM:le«  in  acate  intlammalion:^  ^wilh  tlie  fornialion  uf  \ms],  f.^.,  in  extensive  erysipelas,  and  m* 
flommatory  punileni  eflTnviuns  into  serous  cavities,  where  the  number  yf  corpuscles  i»  100  ^reat  to  be 
esplaineil  t>y  the  wrandenng  of  blootl  corpuscles  out  of  the  t>]ood  vessels. 

Decay  of  Lymph  Corpuscles. — The  lymph  corpuscles  disappear  partly 
where  the  lymphatics  arise.  The  occurrence  of  the  librin  factors  in  the  lymph — 
formed  as  they  are  from  the  breaking  up  of  lymph  corpuscles — would  seem  to  in- 
dicate this.  In  inflammation  of  connective  tissue,  in  addition  to  the  formation  of 
numerous  new  lymph  corpuscles,  a  considerable  number  seems  to  be  dissolved  ; 
hence  the  lymph,  and  also  the  blood,  in  this  case  contains  more  fibrin.  Lyniph 
corpuscles  are  also  dissolved  within  the  blood  stream,  and  help  to  form  the 
fibrin  taciors. 

aoi.  MOVEMENT  OF  CHYLE  AND  LYMPH.— The  ultimate 
cause  of  the  movement  of  the  chyle  and  lymph  depends  upon  the  difference  of 
the  pressure  at  the  origin  of  the  lymphatics,  and  the  pressure  where  the  thoracic 
duct  opens  into  the  venous  system. 

(O  The  forces  which  arc  active  at  the  origin  of  the  lymphatics  are  con- 
cerned in  moving  the  lymph,  but  these  must  vary  according  to  the  place  of  origin 
— ia)  The  lacteals  receive  the  first  impulse  toward  the  movemeots  of  their  con- 
tents— the  chyle — from  the  contraction  of  the  muscular  fibres  of  the  villi  (pp. 
322,  327).  When  these  contract  and  shorten  the  axial  lacteal  is  compressed,  and 
Its  contents  forced  in  a  centripetal  direction  toward  the  large  lymphatic  trutiks. 
When  the  villi  relax,  the  numerous  valves  prevent  the  return  of  the  chyle  into  the 
villi.  (^)  Within  those  lymphatics  which  lake  the  form  of  perivascular  spaces, 
every  lime  ihe  cuntained  Mood  vessel  is  JiUUed  the  surrounding  lymph  will  be 
pressed  onward,  (r)  In  the  case  of  the  pleural  lymphatics  with  open  mouths, 
every  inspiratory  movement  acts  like  a  suction  pump  upon  the  lymph  {Dyb- 
i&U'sky)^  and  the  same  is  the  case  with  the  openings  (storaata)  of  the  lymphatics 
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on  the  abdominal  side  of  the  diaphragm  {Lmiwig^  Schweigger-Seidei^.  (d )  In 
the  case  of  those  vessels  which  begin  by  means  of  fine  jnice  canals,  the  movement 
of  the  lymph  must  largely  depend  upon  the  tension  of  the  juices  of  the  par- 
enchyma, and  this  again  must  depend  upon  the  tension  i^x  pressure  in  tht  NoqJ 
capiiiaritSt  so  that  the  blood  pressure  acts  like  a.  lis  a  terge  in  the  rootlets  of  the 
lymphatics. 

[In  some  orgnns  peculiar  pumping  arrangetnents  are  brought  into  aclion.  Ai  alrcAtly  men- 
tioned, the  abdominal  i^urface  of  the  central  tendon  of  the  diaphragm  is  provided  with  stomati,  or 
open  comniutiicalioni  between  the  peritoneal  cavity  and  the  lymphatics  in  the  sul>stftnce  of  the  ttn- 
don.     V.  Kccklinghausen  found  that  niilk   put  upon  the  peritoneal  surface  of  tlie  central  lendoa 

Fir..  211. 


Sectioa  of  central  tendon  of  diapbrnirni.  The  Injected  lymph  spncci.  k  and  A,  are  black.  At/  ihe  tnkUs  of 
thcipACc  are  colljiptcd  {Brunt^n,  ^trr  LmJwi^ aitit Sehu/Htgrr-iieidti). 

showed  little  eddies  caused  by  the  milk  globulefi  pa<>sing  through  the  uomata  and  entering  the  }ym- 
phatics.  Tlie  central  tendon  consists  of  Iwo  layers  of  (ibrous  tissue  arranged  tn  different  diredioti* 
(Fig.  211,  f>,  c).  When  the  tiiaphrat:m  moves  during  respiration,  thr»e  layers  are  ahernaiely  [iressnl 
together  and  pulled  apart.  Thus  the  spaces  are  alternately  dilated  and  contracted,  lymph  being 
drawn  into  the  lymphatics  (Fig.  2ii,  h)  through  the  stomata.] 

[Ludwjg's  Bxperiment. — Tie  a  re.'^piration  cannula  in  the  trachea  of  a  dead  ral>bii:  cut  accon 
the  body  of  the  animal  immediately  below  the  diaphragm;  remove  tlie  viscera,  and  ligature  the 
vessels  (lai^^iiig  between  the  thorax  and  abdonnen;  tie  the  thorax  to  a  ring,  and  hang  it  up  with  the 
head  downward  ;  ]x>ur  a  solution  of  Uerlin  blue  upon  the  peritoneal  surface  of  the  diaphragm ;  coti- 
ncct  the  respiration  cannula  cither  with  a  pair  of  bellows  or  an  apjmratus  for  aitjficiu  rcspiratioo. 

Fig.  212. 


TitJceted  lymph  cpsces  from  the  Gwda  lau  of  the  Aag.    The  injected  spaces  are  Ikl^tik  in  ilic  fifwrc 
{Btmrntrm,  t^fttr  Lmdufig and Sckutiggtr-StiJti), 


and  imitate  the  respiratory  movements.     After  a  few  tninutefi  the  lymphatics  arc  filled  with  &  Mac 
injection  showing  a  lieautifnl  jilexus.] 

[The  same  kind  of  pumping  mechanism  exists  over  the  <osfai  plntra.  The  fascia  covering  tlie 
muscles  is  another  similar  mechanism.  The  fascia  consists  of  two  layers  of  Abrous  tissue,  with  icK 
lervening  Ij-mphatics  (hig.  2t2).  \Vhen  a  muscle  cotiimct*.  lymph  is  forced  out  from  between  the 
layers  of  the  fasria,  while  when  it  relaxes,  the  lymph  from  the  muscle,  carrying  with  it  vomc  of  ibe 
wftste  products  of  niuscuUr  action,  ^tasses  out  of  the  mtiscle  into  the  fascia. between  (he  now  pattiall; 
separated  layers.} 

(2)  Within  the  lymph  trunks  themselves,  the  independent  contraction  of 
their  muscular  fibres  partly  aids  the  lyraph  stream.  Heller  observed  in  the 
mesentery  of  the  guinea  pig  that  the  peristaltic  movements  of  the  lymphatic  wall 
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passed  in  a  centripetal  direction.  The  numerous  valves  prevent  any  reflux. 
T*hc  eoniraction  of  the  surrouniUng  rnuscUs,  and  every  pressure  upon  the  vessels 
and  the  tissues  aid  the  current  {Luihvig,  No//).  If  the  outflow  of  blood  from 
the  veins  is  interfered  with,  lymph  flows  copiously  from  the  corresponding  tissues 
{JVasse^  Tomsa),  [If  a  cannula  lie  tied  in  a  lymphatic  of  a  dog,  a  few  drops  of 
lymph  flow  out  at  long  intervals.  But  if  even  passive  movements  of  the  limb  be 
made,  e.g.,  simply  flcxinjf  and  extending  the  limb,  the  outflow  becomes  very  con- 
siderable and  continuous.] 

(3)  The  lymph  glands,  which  occur  in  the  courae  of  the  lymphatics,  offer 
very  considerable  resistance  to  the  lymph  stream,  which  must  jwss  through  the 
lymph  paths,  whose  spaces  are  travereed  by  adenoid  tissue,  and  contain  a  few 
lymph  corpuscles.  But  this  is,  to  a  certain  extent,  compensated  by  the  non-striped 
muscle  which  exists  in  the  capsule  and  trabeculie  of  the  glands.  When  they  con- 
tract they  force  on  the  lymph,  while  the  valves  prevent  its  reflux.  Knlarged 
lymphatic  glands  have  been  seen  to  contract  when  stimulated  electrically.  [Bot- 
kin  has  stimulated  enlarged  lymphatic  glands  with  electricity  in  cases  of  leu- 
kaemia.] 

(4)  As  the  lymph  vessels  gradually  join  and  form  larger  vessels,  and  finally 
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form  one  trunk,  the  transverse  section,  or  section^/  area,  diminishes,  so  that  the 
velocity  of  the  current  and  the  pressure  are  increased.  Nevertheless,  the  velo- 
city is  always  small  ;  it  varied  from  2^^o  to  300  millimetres  per  minute  in  the  large 
lymphatic  in  the  neck  of  a  horse  ( IVe/'ss),  a  fact  which  enables  us  to  conclude 
that  the  movement  must  be  very  slow  in  small  vessels.  The  /utera/ pressure  at 
the  same  place  was  10  to  20  mm.,  and  in  the  dog  5  to  10  mm.  of  a  weak  solution 
of  soda  {Weiss,  No//),  although  it  was  found  to  be  12  mm.  Hg  in  the  thoracic 
duct  of  a  horse  ( liWss). 

(5)  The  respiratory  movements  exercise  a  considerable  influence  upon  the 
lymph  stream  m  the  thoracic  duct,  and  in  the  right  lymphatic  duct ;  every  inspira- 
tion favors  the  passage  of  the  venous  blood,  and  also  of  the  lymph  toward  the 
heart,  whereby  the  tension  in  the  thoracic  duct  may  even  become  negative  {£14/- 
der).  [The  diasto/ie  suction  of  the  heart,  by  diminishing  the  pressure  in  the  sub- 
clavian vein,  also  favors  the  inflow  of  lymph  into  the  thorax.] 

(6)  Lymph  hearts  exi^  in  certain  coUl-blocHlcd  ^VM%\3\^{PaKi&ia,  Jok,  MQlUr).  The  frog 
hu  Iwo  axtilary  Imils  (atinvc  the  slioulder  near  the  vertebral  column,  and  two  ititro/  hearts,  one 
on  each  sjiie  of  itie  coccyx  near  the  anu<-  ( I'ig.  213,  I.).  [If  the  skin  covering  iheiu  Ite  rcflcCTcd 
tbej  arc  brought  into  view  at  once]     lliey  )>cat,  but  not  &yncbronously,  abuut  &ixly  times  per 
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minute,  and  contain  lo  cubic  centimetres  of  ly^mph.  They  have  traasvcfsely'Striped  mascvlRr 
fibres  in  their  walls,  aod  &,re  also  provided  vith  nerve  ganglia  ( tVaUeytr).  The  posterior  ipair 
pump  the  lymph  into  the  branch  of  the  vena  iliaca  communicaiu,  and  the  imterior  pur  iirio  the 
vena  subscnpulnris.  Their  [>itliation  depends  luirtly,  but  not  exriutively,  upon  the  <pituU  citrd,  (ur 
if  the  cord  be  rapidly  destroyed,  they  tnAy  cease  to  pulsate  (  t-WJemanH),  but  not  unfrvquenllf  ihcy 
continue  to  piil^nte  after  removal  of  the  cord  {I'ai^nfin,  Lu<ksiM}^cr\.  A  itecond  source  of  tbeir 
piiUatile  movements  is  to  be  sought  for  in  Waldcyer's  ganglia.  Siimulation  of  the  skin,  intcKtet 
or  blixtd  heart  influences  them  reflexly — partly  accelerating  and  portly  retarding;  them.  If  the 
coccygeal  nerve,  which  connecl<>  the  sacral  hearts  to  the  spinal  cord,  be  divided,  these  etfecls  do  nd 
occur  (:■.  i'ViffuM).  Siryt/iHio  accelerates  their  movements  (.SV^vr^cy'l.and  so  does  heating  of  ihr 
spinal  oord,  but  if  the  cord  be  cooled  they  axe  retarded  {/•ubini  tintt  Sptilitfa).  A  lyrapb  hean 
nrre&ted  by  being  exposed,  or  after  the  action  of  muscarin.  can  l>c  caused  to  l>eat  by  filling;  it  undci 
pressure,  but  this  is  not  the  case  when  the  arrest  i-i  caused  by  destruction  of  it<«  nerves  i  B<U/,  Lam- 
^er^orff').  Aittiarin  paratyxcs  the  lymph  heart  and  the  blood  licart  at  the  iuime  time  ^  \  'iutfrhgQm). 
while  (urara  paralyses  the  former  alone  {BU<it*).  In  other  amphibians,  there  are  two  tympih 
hearts:  in  the  ostrich  and  cassowary  and  some  swimming  birds  l  Pamzin),w\i\  \\\  the  cmb<t)0  chick 
(j4.  Budge)  I  or  2.     They  occur  in  some  Fishes,  e.  g.,  near  the  caudal  vein  of  the  eel. 

(7)  The  nervous  system  has  a  direct  efTL-ct  upon  the  lytnph  stream)  on 
account  of  its  connection  with  the  inwscles  of  the  lymphatics  and  lymph  glands, 
and  with  the  lymph  hearts,  where  these  exist.  Further,  Kiihne  observed  that  the 
corne;!  corpuscles  contracted  when  the  corneal  nerves  were  stimulated.  Golti 
also  observed  that  when  a  dilute  solution  of  common  salt  was  injected  under  the 
skin  of  a  frog,  it  was  rapidly  absorbed,  but  if  the  central  nervous  system  was 
destroyed  it  was  not  absorbed. 

If  intlammalicn  be  produced  in  the  posterior  cxtremilics  of  a  dog,  and  if  the  sciatic  tterre  be 
divided  on  one  side,  ordema  and  a  simuhaneous  increase  of  the  lymph  stream  occur  on  thai  side 
(Jankmvski).  [A  combmation  of  con|;eMion  and  inflammation  t^reatly  incrrases  the  lymph  sii«an, 
and  lIuB  is  siill  more  the  case  when  the  nerves  arc  divided  at  the  same  time.] 

LigHiiuc  the  le^  of  a  frog,  except  the  nerves,  so  as  to  arrest  the  circulation,  and  place  the  Icf  in 
w.itcr ;  ii  swells  up  very  rapidly,  but  a  dead  limb  does  not  fwell  up.  i>o  thai  attt(>r(>tion  \%  itide- 
pendcnt  of  the  continuance  of  the  circulation.  Section  uf  the  sciatic  nerve,  or  desttudiun  of  the 
spinal  cord  (but  nut  section  of  the  brain),  arrests  absorption  ( Laitlcnhnck). 

aoa.  ABSORPTION  OF  PARENCHYMATOUS  EFFUSIONS.— Fluids  whicb  pa» 

from  the  l>lood  vessels  into  the  spaces  in  the  tissues,  or  those  injected  sutxuianeuusly,  are  abturtied 
chiefly  by  the  blood  vessels,  t>ut  also  by  the  lymphatics.  Small  particles,  as  after  tniiLKiina  with  ciiy< 
nabar  or  China  ink,  m^y  pass  from  the  tissue  >»pace5  into  the  Ivmphaiics— and  vi  do  blood  cv- 
puscles  from  extravasations  of  blood,  and  fat  granules  from  the  marrow  of  a  broken  U>ne.  If  all 
the  lyntphslics  kA  a  \>ax\.  nrc  ligatured,  absorption  takes  place  quite  as  rapidly  >••  l>efurc  1  M-tgmdif)  \ 
hence,  absorbed  fluid  must  pass  through  thethin  membranes  ol"ihc  blood  vessels.  The  correspond- 
ing cxperimeitt  of  ligaturing  all  the  blood  vessels,  when  no  absorption  of  the  fvircnchymAiiius  juices 
takes  place  {Emmert.  HenU^  xk  Dus(M),  docs  not  prove  that  the  lymphatics  arc  not  concerned  in 
absorption,  for,  after  ligaturing  the  Mood  vessels  of  a  part,  of  course,  the  furmation  of  lymph,  and 
also  the  lymph  stream,  mast  cease. 

When  fluids  arc  injected  under  the  skin  absor|}tion  takes  place  very  rapidly — niurc  rapidly 
than  when  the  substance  is  given  by  the  mouth.  The  Bubcutaneous  injection  of  many  drugs  is 
now  extensively  used,  but,  of  course,  the  substances  used  must  itot  cotrode,  irritate,  or  coagulate 
the  tis->ues.  Sisme  substances  <Io  ikM  act  when  given  by  the  mouth,  as  snake  ^«i!j^>n,  pooons 
from  dead  IkkJics,  or  putrid  things,  although  they  act  rnpidly  when  introduced  (tubcuianeou&Iy.  If 
emulftin  be  given  by  the  mouth,  and  amygdalin  he  injected  into  the  veins  of  an  animal,  hydro* 
cyanic  acid  is  not  formed,  as  the  emulsin  seems  to  be  tlesiroyed  in  the  alimentary  canal.  If  the 
eumlsin,  however,  l»e  injected  into  the  blood,  and  the  amygdaliu  be  gi^-en  by  the  iuouth,ihe  animal 
is  rapidly  poisoned,  owing  lo  the  formation  of  hydrocyanic  acid,  as  the  amygiUlin  is  rapidly  absorbed 
from  the  intestinal  cnnal.  The  amygdalin,  a  glucoside  (C^„H.j..\Oj ,),  i<^  acted  upon  by  fresh 
emulsin  like  a  ferment;  it  takes  up  31  ll^O)  and  yields  hydrocyanic  add  (CIIN).  -^  oil  nf  l>(tter 
almonds  jC^H^O).  +  sugar  2(C„H,.jO,) — (t7.  Bernard^.  When  serum  is  injccte«l  subcuta- 
neously,  it  i'-  rapidly  absorbed ;  it  is  decomposed  within  the  blomi  strt^int,  anil  increases  the  amuvflft 
of  urea.    Albuminous  solutians,  oil,  peptones,  and  sugars  are  also  absort«d  \^E%ihh«nay 

303.  GCDEMA.  DROPSY.  AND  SEROUS  EFFUSIONS.— [Dropiy.  As  afnly  llltts 
traled  by  LauJcr  Ilrunion,  the  lymph  spaces  may  Ijc  represented  by  cisterns,  each  of  which  is  pro- 
vided with  supply  pipes — the  arteries  and  capillaries;  while  there  arc  two  exit  pii'tcs  — the  veins  and 
lymphatics.  In  health,  the  balance  between  the  mflow  and  outflow  is  such  that  ihe  spaCrs  an 
merely  moistened  with  fluid.  When  a  cannula  is  placed  in  a  lymphatic  vessel  in  a  dog,  only  a  few 
drops  of  lymph  flow  out  at  long  intervals.     Erominghaus  found  that  if  the  veins  of  tbe  limb  Uc 
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'Ugatmcd  the  lymph  flowi  much  more  quickly.  I'bts  is  in  part  due  to  the  increowd  transudation  of 
llui<l  from  the  smaU  bicwct  vessels,  but,  as  Bnintnn  suggcas,  it  may  also  be  due  to  tluic)  pnsang  away 
by  the  lyiiiphalics  when  ti  can  no  longer  he  carried  away  by  the  veins.  \Vc  cannot  say  what  is  ihe 
Tvlative  fhare  of  the  vrin*  and  tymphatics,  nor  in  the  al>rive  experiment  do  we  know  how  much  is 
(boe  lo  increased  (ransudaiicMi  or  diminished  absorption.  When  there  is  on  undue  accumulation  of 
ftwi'l  more  or  less  like  serum  in  ihe  lymph  spaces,  we  have  llie  Condition  (cmicd  dropsy.  When 
there  ts  general  drn|isy  it  in  called  anasarca.  J 

SdemB.^U  the  clTercnt  veins  and  lymphatics  of  an  organ  (je  lij^lorcd,  or  if  resistance  l»c 
oHercil  to  the  outflow  of  their  conienls.  crxi^cstinn  and  a  copious  lraiisti>i:iiion  of  lyntph  into  the 
lumes  take  place.  Thc*e  arc  most  marked  in  the  .ikin  and  »;nbcut;\ncou5  cellular  lissue.  The  soft 
mtts  swell  up,  without  |Kiin  or  redness,  and  a  doughy  swelling,  which  pits  on  pressure  with  the 
nnger.  results.  These  are  the  signs  of  lymph  cungc^ion,  which  ii  called  asdenia  wlicn  the  l1uid 
is  vfatety  and  locatiied. 

tlflder  similar  circumslincci,  lymph  ts  effused  in  the  serous  cavities.  [In  the  itentoaeum  it  \& 
-J  lax,    hytirtithorax — pericardium,   ftyJrofierUayMum^cuWwxnx,    hyjroifpkahii — tunica 

Jf&cilt — joint),  hyirartkrofis,  clc.j  If,  at  the  same  time,  a  LarRc  number  of  colorless 
,iicle<  pas*  out  of  the  b!ood  vessels  mto  the  cavity,  ihc  fluid  become:^  more  and  more 
In  order  that  these  corimscles  may  proliferate,  a  considerable  percentage  of  allmmin  is 
When  the  pressure  within  the  serous  cavity  rises  above  that  in  the  small  blood  vcsscb, 
water  may  pass  into  the  blood.  These  seio  purulent  efTuKiuns  not  unfrequently  undergo  changes. 
snd  yield  deconi^ioMtion  products,  such  as  leuciii,  lyrosin,  xanthin,  kreatin.  kreatinin  (?),  uric  acid 
"^).  urea.     Endothelium  from  the  serous  cavity  ( QniHeke).  sugar  in  pleuritic  cnusions  (EuAAan/) 

'  in  oedemas  with  little  albumin  {/^ostn/tacA),  cholestcriri  l're'(uenily  in  hydrocele  fluid,  and  suc< 
'tinic  acid  in  the  tluid  of  ecliinucocci,  have  all  been  found  in  the*ie  effusions. 

The  effusion  of  lymph  may  arise  not  only  from  pressure  upon  the  lymphatics,  but  also  from  in* 
flammaiion  and  throinl>os'ts  of  the  lymphatics  themselves,  in  which  cases  not  unfreijuently  new 
tytnphatic*  are  formed,  so  that  ihe  communicirion  is  re-established.  Sometimes  Ihe  dncius  tho- 
f»cictts  bursts,  and  lymph  is  poured  directly  into  the  abdomen  or  thorax.  [Ligature  of  the  thoracic 
duct  results  in  rupture  of  the  rcceptaculum  chyli  and  escape  of  chyle  and  lymph  into  the  large 
scmua  cavities  { /.w*/?/'//).] 

When  drop^  or  effusion  of  fluids  occurs  into  serous  cavities,  there  is  always:  a  greater  tronsuda- 
lion  of  lluid  thmujih  the  binod  vessels.  The  abdominal  blood  vessels,  and  those  which  yield  a 
watery  efl'uiion  under  normal  circiimMance?,  are  those  nioM  liable  to  l>e  affected. 

Transudation  is  favored  l>)- — (i )  Venous  congestion,  so  as  to  raii^c  the  blood  pressure,  in 
whidi  case  the  etTuMun  uMially  contains  lirtlc  albumin  and  few  lymph  corpuscles,  M-hili;  the  colored 
corpuscles,  on  the  C(mlrary.  are  more  numerous  the  greater  the  venous  obsiruclion.  l<.invier  pro- 
tluccil  (cdcma  artiticiaily  by  ligaturing  the  vena  cava  in  a  dog,  and  at  the  same  lime  dividing  the 
hCiaitc  nerve.  Tlie  p.tnilytic  dilaialion  uf  the  bloud  vessels  thereby  produced  caused  an  increased 
amount  of  tilood  to  pasf  to  the  limb,  wliile  the  blood  pressure  was  raised,  and  l)oth  factors  favored 
the  transudation  of  fluid.  [Ranvicr's  cx|>crirncnt  proves  that  mere  ligature  of  the  venous  irunk  of 
a  Ilmli  ^jf  ituif  is  not  sufficient  to  cause  u'denia.  Tlie  tvdcnia  is  due  to  the  concumitani  fNiralysisof 
the  vasomotor  ncrvt*.  If  the  motor  roots  of  the  sciatic  nerve  alone  be  divided  along  with  ligature  of 
the  vena  cava,  no  i^dcma  occurs,  hut  If  the  vasomotor  fibres  are  divided  a1  the  same  time,  the  limb 
raindly  1>ecomes  iL-<lematau!>.  There  is  such  an  increa5c<I  transudation  through  the  vascular  walls 
that  the  vetns  and  lymphatics  cannot  remove  it  uiih  •iufhcient  rapidity,  and  i^il'ma  occurs.  If  there 
be  Weakness  of  the  vasomotor  nerves,  slight  oltstruction  is  HutVicietit  to  produce  trdema  {^Lander 
'\'rtnt,^n\.\  When  the  leg  veins  are  occluded  with  an  injection  of  gyi»um,  ii.-<lema  occurs 
\:-^  inifrhf%vsity'\.     {2\  .Snoe  unknown  physical  changes  occur  in  the  protoplasm  of  the  endo- 

rliuiii  of  the  capillaries  and  blood  vessels,  which  favor  the  transudation  of  albumin,  hxmoglobin, 

««en  liIiM-nt  corpu!«cle$.     This  occurs  when  abnormal  substances  accumulate  in  the  blood — e,  ^•., 

*.,liin— and  when  the  blood  contains  little  O  or  albumin.     The  same  has  Iieen  ob- 

virv  to  loo  hiijh  temperatures,  and  the  swelling  of  soft  patts  in  the  neighborhootl 

>>otv  focus  seems  due  to  the  transudation  of  tluid  through  the  altered  vascular  wall, 

i*  (>ro!»ahlc  thai  a  ncr\'ouB  influence  may  affect  particular  areas  through  its  action  on  ihe  bUtod 
rtv  of  the  i>ait  (it  may  l>e  upon  the  protoplasm  of  the  blood  capilbries).  Tlie  transudations  of 
Ihia  nature  usually  cotiiain  much  albumin  and  many  lymph  cor^msclcs.  (3)  When  the  blood  con- 
tains a  very  large  amount  of  water  the  tendency  to  transudation  of  fluid  is  incrcxneiL     After  a 

le  it  may  produce  the  changes  indicated  in  (2),  and  when  long  continued  may  increase  the  pennen- 

ity  of  the  vascular  wall  {Cohnkiim).  Watery  lymphatic  eRusions.  from  watery  blood — **  cachec- 
ladetna"— 4Hxur  iti  feeble  and  badly  nourished  in<iivi<luaJ«.  [( Ine  of  the  commonest  forms  of 
dropsy  is  the  slight  rrdcma  of  the  legs  in  anx'tnic  i>ersons  In  whom  the  heart  and  lungs  are  healthy. 
Many  factors  arc  involved — 'the  bI<ioiI  pressure,  watery  corirlitinn  of  the  blood,  the  condition  of 
nutrition  of  the  c.i]>illancs,  and  probal'ly  a  tendency  to  vasomotor  |>arc»is  (/trttn/fn).'] 

[T!k  fluid  pourc<I  out  varies  according  to  the  rapidity  with  which  this  occurs.  In  acute  Inflamma- 
iii>n,  rfiiisinn  or  exudation  takes  place  rapidly,  and  the  fluid  contains  the  fibnn  factors,  so  that  it 
tends  to  cnagiilalc  »|x>ntancously.  There  is  every  gratUtion  between  the  non-ctHigulable  hydrocele 
Haid  snd  the  coagulable  exudation  in  ioflammaljun.     The  fluids  in  different  dropsies  vary  in  com- 
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position,  and  some  have  more  cclk  in  tbem,  depending  on  local  causes  «&  In  some  situalioni  abtorp- 
lion  is  more  Acxivc  than  in  oihcn  (/ames).  Ihe  plcaral  fluid  contains  moit  solids,  tbcn  asdnc 
cerebro-sptnal,  aiid,  lastly,  that  in  the  subcutaneous  li<<!«uc.] 

[(4)  OstrouinofT  fouu^  thai  stimulation  of  the  lint^ual  nerve  not  only  causes  the  blood  vc«9cko( 
the  tongue  10  dilate,  tnit  the  corresponding  side  of  the  tongue  becomes  fe:)cmalous.  If  a  solidoi 
of  dilute  hydrochluric  acid  or  >]uiiiinc  (^  145!  I>e  injected  into  the  iluct  of  the  submaxilUry  glaBtl. 
and  the  chorda  tyinpani  stimulated,  ihere  is  no  secretion  of  saliva,  but  the  |*land  hccon»e»  cedeitu 
tous.  In  an  animal  ix>isc>ned  with  alropin,  stiinulaiton  of  the  chorda  causes  dilatation  of  the  blood 
TcsseU,  allliou^h  there  is  no  secretion  of  saliva ;  nevertheless,  the  gland  does  not  l>ecotne  urdct&a- 
tous  {NeiJenkain).  As  Brunton  suggests,  this  experiment  points  to  some  action  of  atioptn  00  tte 
bloml  vessels  which  has,  hitherto,  l>cen  entirely  overlooked.] 

304.  COMPARATIVE  PHYSIOLOGY.— In  the  iTO%  large  lymph  sacs,  lined  wicb  cndn- 
theliom,  exist  under  the  skin,  while  large  lymph  sacs  lie  in  relation  with  the  vertebral  colunn— ^k  i 
on  each  side — «e[>aralcd  from  the  abdominal  cavity  by  a  thin  membrane,  perforated  with  stonuia. 
This  is  tlic  cysterna  lymphatica  magna  of  Paniz^i.  Some  amphibian«,  and  many  reptiles,  have 
large  lymph  spacer  under  the  skin,  which  occupy  the  whole  of  the  dorsal  region  of  the  oody.  All 
reptiles  and  the  tailed  amphibians  have  large  elongated  reservoirs  for  lymph  along  the  course  of  the 
aorta.  The  lymph  apparatus  of  the  tortoise  (Fi^.  206)  is  very  exteiiMve.  The  osseous  fishes 
have  in  the  lateral  parts  of  their  backs  an  elongated  lymph  trunk,  which  reaches  from  the  tail  to 
the  anterior  6ns,  and  is  connected  with  the  dilated  lymphatic  rootlets  in  the  base  of  the  tAil  anJ  10 
tlic  fins.  The  largest  internal  lymph  sinus  is  in  the  region  of  the  <xsophagus.  Many  birds  pcnsni 
a  sinus-like  dilatation  or  lymph  space  in  the  region  of  the  tail.  The  lymph  spaces  coaimunicste 
with  the  venous  system — with  valves  properly  arranged — usually  in  connection  with  the  upper  veni 
cava.  Lymph  hearts  have  already  been  referred  to  ({  201,  6).  In  carnivors  the  lymph  glands  of 
the  mesentery  are  united  into  one  large,  cotn|Kict  mass,  the  so-called  **  pancreas  Asellii." 

305.  HISTORICAL. — Although  the  Ilip|XKratic  School  was  acquainted  with  the  lymph  glandsj 
from  their  becoming  swollen  from  time  to  lime,  atid  although  Herophilus  and  Rra&istrstua  hw) 
Ihe  mesenteric  glands,  yet  AselH  (1662)  was  the  tinrt  who  accurately  described  the  lacteals  of  the 
mesentery  with  their  valves.  Pecquet  (1648)  discovered  the  receptaculum  chylt;  Rudbeck  ami 
Thorn.  &irthoHnus,  the  lymphatic  vessels  (1650-52);  Eu^tachias  (1563)  was  acc^uainted  with  the 
thoracic  duct,  which  Gassendus  (1654)  maintained  that  he  was  the  first  to  see ;  Lister  noticed  tbtt 
the  chyle  t>ecame  blue  when  indigo  was  injected  into  the  intestine  (1671);  SOmmering  obterved 
the  separation  of  fibrin  when  lymph  coa^latcd;  Rcuss  and  Emmert  discovered  the  lymph  corpus 
clcs.  The  chemical  investigations  date  from  the  first  iiuoricr  uf  this  century ;  they  were  carried  out 
l>y  Lassaigne,  Tie<lemann,  Gmelin  and  others.  The  last  two  observers  noticed  that  the  white  tutor 
of  chyle  was  due  to  the  presence  of  small,  fatty  granules. 


Physiology  of  animal  Heat. 


ao6.  SOURCES  OF  HEAT.— Heat.— The  heat  of  the  body  is  an  unin- 
terrupted evolution  of  kinetic  energy,  which  wo  must  represent  to  ourselves  as  due 
to  vibrations  of  the  corporeal  atoms.  The  ultimate  sot4ri:e  o(  the  heat  is  contained 
in  the  potential  energy  taken  into  the  body  with  the  food,  and  with  the  O  of  the 
air  absorbed  during  respiration.  The  dwr/A«/ of  heat  formed  depends  upon  the 
amount  of  energy  liberated  (see  Introduction), 

The  energy  of  the  food  stuffs  may  be  called  •*  latent  heat,"  if  we  assume  that 
when  they  are  used  up  in  the  body — chiefly  by  a  process  of  combustion — kinetic 


Fig.  314. 
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energy  is  liberated  only  in  the  form  of  heat.  As  a  matter  of  fact,  however, 
mechanical  energy  and  electrical  energy  are  developed  from  the  potential  energy. 
In  order  to  obtam  a  unit  measure  for  the  energy  liberated,  it  is  advisable  to  ex- 
press all  the  potential  energy  as  heat  units. 

The   Calorimeter. — This  instrument  enables  us  to  transform  the  potential 
lergy  of  the  food  into  heat,  and,  at  the  same  time,  to  measure  the  number  of 
Lt  units  produced. 
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Favre  anil  Silhermann  used  a  water  calorimeter  (Fig.  214).  The  siihsinnce  lo  be  trarned  a 
placeJ  in  a  large  cylimlricxl  comltuMiuQ  chamhcr  (K),  suspradcc!  in  a  \!Uf^c  cylinrlricKl  veuel  {U 
(illtrd  with  water /urK^o  that  the  conihusiinn  chamher  is  coniplclely  surrounded  by  the  wilcr.  Ttm 
tubes  ftpen  into  the  upper  pan  of  the  chamber;  one  uf  them  lO)  su|iptic>i  the  aT  which  U  necenar^ 
for  cimbuslion  ;  it  reachei*  almost  lo  the  Uiitum  of  the  chamber ;  the  second  tube  ( u  t  is  tuccd  tn  tbc 
middle  of  the  lid,  and  is  closed  abu%'e  with  a  thick  (^lass  plnte,  atid  on  this  is  placed,  al  an  an|*le.« 
small  mirror  (1),  whicii  enables  nn  olifen'er  to  nee  into  the  ini.'rior  of  ihe  chamlwr,  and  to  nloem 
the  process  of  combuilion  at  c.  The  ihinl  lube  (a' )  is  used  only  when  combustible  gases  are  lu  be 
burned  in  the  chaiiilicr.  It  can  be  closed  by  means  of  a  stop-cock.  A  lead  lulie  (r,  e)  with  manf 
twists  on  il.  passeii  from  Ihe  upper  part  of  the  chamber  through  the  water,  and  Hnally  opens  it  (. 
The  ^a&cous  products  of  combustion  pass  out  lhrouf;h  this  tube,  and  in  doing  ^  help  to  hcai  ike 
vvnier.  The  cylindrical  vessel  witli  the  water  is  closed  with  a  lid  which  transmits  the  four  tulio. 
The  w.iier  cylinder  standi*  on  four  feet  within  a  large  cylinder  ( M  I,  which  is  lilted  with  sonte  fpoA 
□on  conductor  of  heat,  and  lhi»  a^in  is  placed  in  a  lari;e  venel  fdled  with  water  (W).  This  is  to 
prevent  any  heat  reaching  the  inner  cylinder  frnm  without-  A  wci|;hed  quantity  nf  the  jubilance 
(,-)  In  l>c  inveMigalcd,  is  placed  in  the  cninbu«ion  chamber.  When  combustion  is  ended,  dnnoi* 
which  the  inner  water  must  be  repeatedly  !^tirred,  the  tem|>crature  of  the  water  is  avccrtaineii  b^ 
means  of  a  delicate  Ihermnmeier.  If  the  increase  of  ihe  icmpcrniure  3n<l  the  amount  of  wsiet  at* 
known,  then  it  is  easy  to  calculate  the  nutnherof  heat  unita  produced  by  the  combastion  o(  1 
known  weight  of  the  substance  (see  Introduction). 

The  ice  calorimeter  may  al.v)  be  U5ed.  The  inner  cylinder  is  Blled  wUh  iCe  and  not  with  wMeti 
and  ice  is  also  placed  in  the  outer  cylinder,  to  prevent  any  heat  fn^m  without  from  acting  upon  tbc 
inner  ice.  The  heat  given  ofT  from  the  combustion  chamber  causes  a  certain  amount  of  ibe  ice  lo 
melt,  and  the  water  thereby  produced  is  collected  and  measured.  Il  requires  79  heat  units  to  ndl 
I  grm.  of  ice  to  I  grm.  of  water  al  0°  C. 

Just  as  in  a  calorimeter,  althoutjh  muck  more  sUnt>l}\  the  food  stuffs  within  our 
body  are  burned  up,  oxygen  being  supplied,  and  thus  patentlal  energy  is  trans- 
formed into  kinetic  energy,  which  in  the  case  of  a  jierson  at  rest,  t\  e.,  when  ihe 
muschs  are  inaciive^  almost  completely  ap|>ears  in  the  form  of  heat  (sec  ItttraSii- 

Hon). 

Heat  Units. — Favre,  Silbermnnn,  Frankland,  Kechenberg,  B.  Danilewsky,  and  others  have 
made  calorimetric  experimcrils  im  the  heat  produced  by  food.  Thus,  I  gramme  of  the  following 
dry  sutistaDCCS  yields  heat  units : — 


Casein      .    . 

-  5785 

Alcohol    . 

-    .   8958 

Potatoes  .    . 

•   3752 

Stearin     . 

.   9036 

Milk     .    .    . 

■   S093 

Palmitin  . 

.   SSS3 

Hread   .    .    . 

.  3984 

Olcin    .    . 

.  8958 

Uice     .    .    . 

58'3 

Glycerin  . 

.  4<79 

Starch  .    .    . 

4479 

Leucin     . 

6141 

Yelk  of  egg 

.  6460 

Crcalin     . 

.  4it8 

Grape  sugar  .  3939 

Cane  sugar  .  4173 

Milk  sugar  .  .  4162 
Vegetable  fibrin  6231 

Glutin      .    .  6141 

Legumin     .  5573 

Blood  fibrin  .  570*; 


Peptone  .    ,    .  49I4 
GInttn      .    .    .  5419J 
Chondrin     .    .  4909 
Flesh     extract 
(Lichig)  ,    ,  3116 


As  albumin  is  only  oxidi/ed  lo  the  staf^c  of  area«  we  must  deduct  the  heat  unit&  oUnmable  bom 
urea  from  th<ue  of  albumin,  anr{  ok  i  part  nf  albumin  yields  in  round  numlwrs  about  {  of  urea,  we 
ubtaia  about  5100  calories  \^  2170  kilogram  metresl  for  i  grm.  of  albumin. 

Isodynamic  foods,  f.<r.,  those  that  produce  a  similar  amount  of  heat:  100  grnis  animal  allnnnia 
(after  deducting  the  heat  units  of  urea)  =^  53  fat,  =■  1 14  starch  ==  129  dextrose  ;  100  grms.  oJ  vege- 
table albumin  =  55  fat,  =  121  starch  —  137  dextrose  {DaHilmnky),  Kubner  calcnlaicd  thai  ui 
m.in.  with  a  mixed  diet,  the  availahU  heal  units  for  I  grm.  of  albumin  ^^=4100;  i  grm.  fat  ^  9J0O; 
and  fur  I  grm.  carbohydrate  ^=  4100  calonc^s. 

When  we  know  the  weight  of  any  of  the  above-named  substances  consumed  by 
a  man  in  twenty-four  hours,  n  simple  calculation  enables  us  to  determine  how  many 
heat  units  are  formed  in  the  body  by  oxidation,  /.  **.,  provided  the  sul>itance  is 
completely  oxidi/cd. 

Sources  of  Heat. — The  individual  sources  of  heat  are  lo  be  found  in  the 
following:  — 

(i)  /«  the  transformation  of  the  chewicaf  constituents  of  the  food,  endowed  wiA  a 
lar^e  amou9ti  of  pi*tential  energy^  into  sttch  substanees  as  have  iittie  or  no  tmtrj^. 
The  organic  substances  used  as  food  consist  of  C,  H,  O.  N.  so  that  there  lakes 
place — {a)  Combustion  of  C  into  CO,,  of  H  into  H,0,  whereby  heat  is  pro- 
duced ;  I  ijrm.  C  burned  to  produce  CO,  yields  80S0  heat  units,  while  1  gnn.  H 
oxidized  to  H,0  yields  34,460  heat  units.  The  O  necessary  for  these  purposes  is 
absorbed  during  respiration,  so  that,  to  a  certain  extent  al  least,  the  amount  of 
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heat  produced  may  be  estimated  from  the  amount  of  U  consumed.  The  same 
consumittion  of  O  gives  rise  to  the  same  amount  of  heat  whether  it  is  uiicd  to 
oxidize  H  or  C  (/^w.C'TJ-  There  is  a  relation,  amounting  to  cause  and  effect, 
between  the  amount  of  heat  produced  in  the  body  and  the  O  consumed.  The 
rold-bloodtd  animals,  which  consume  little  O,  have  a  low  temperature  ;  among 
warm-ijlooded  animaU,  i  kilo,  of  a  living  rabbit  takes  up  withm  a  hour  0.914  grm. 
(.*,  and  its  body  is  heated  to  a  mean  of  38**  C.  1  kilo  of  a  living  fowl  uses  1.186 
grms,  O,  and  gives  a  mean  temperature  of  43.9°  C.  i^H^^^nauI/  ami  Rdstt).  The 
amount  of  ht-at  produced  is  the  same  whether  the  combustion  occurs  slowly  or 
i4uickly ;  the  rapidity  of  the  metabolism,  therefore,  affects  the  rapidity,  but  not 
the  absolute  amount  of  heat  production.  The  combustion  of  inorganic  substances 
in  the  body,  such  as  the  sulphur  into  sulphuric  acid,  the  phosphorus  into  phosphoric 
acid,  is  another,  although  very  small,  source  of  heat. 

(/)  In  addition  to  the  processes  of  combustion  or  oxidation,  all  those  chemical 
processes  m  our  Irody,  by  which  the  amount  of  the  available  potential  energy 
ivhi(.h  i.s  present  is  diminished,  in  consequence  of  a  greater  satisfaction  of  atomic 
affinities,  lead  to  the  production  of  heat.  In  all  cases  where  atoms  assume  more 
stable  [positions  with  their  affinities  satisfied,  chemual  energy  passes  into  kinetic 
thermal  energy,  as  in  the  alcoholic  fermentation  of  gra|H.'  sugar,  and  other  similar 
processes, 

llcat  i»  nlso  developed  during  the  following  chemical  processes: — 

yit)  louring  the  union  of  base*  wtlh  ncids  {Amirexoi).  The  nature  of  the  haw  determines  the 
vnount  or  heat  produced,  whtlc  the  nature  of  the  acid  is  without  effect.  Only  in  those  cases  where 
the  Jicid.^.,{'.,  CO],  is  unaljlc  to  set  aside  the  ulLahne  reaction,  the  amount  of  heat  produced  is  less. 
Tbc  formation  of  compounds  of  chlorine  {e.g.,  in  the  stomach)  produces  heat. 

ib)  When  a  neutral  ^t  is  changed  into  a  basic  one  {Andretoi).  In  ihc  blood  Ihc  sulphnric  and 
phosphoric  acids  dcTivvd  from  the  cumbustiun  of  S  Rtul  P  are  united  with  the  alkalies  of  the  blood 
to  form  Uayic  salte.  The  dec(im[>osition  of  ihc  cart>un3ies  of  the  blood  by  lactic  and  phosphoric 
aci'Jk  i*yxxn*,  a  double  source  of  heat,  on  the  one  hand,  by  the  formation  of  a  new  sail,  as  well  as  by 
lfa«  libcratiuQ  of  CO,,  which  is  paitly  absorbed  by  the  blood. 

\A  The  combination  of  hsemoglobin  with  O  (|  36). 

In  connection  with  those  chemical  processes,  whereby  the  heat  of  the  body  is 
produced,  heat-absorbing  intermediate  compounds  are  not  unfrequentlv  formed. 
Thus,  in  order  that  the  final  stage  of  more  complete  saturation  of  the  affinities  be 
reached,  intermediary  atomic  groups  are  formed,  whereby  heat  is  absorbed.  Heat 
is  also  absorbed  when  the  solid  aggregate  condition  is  dissolved  during  retrogres- 
sive processes.  Hut  these  intermediary  processes,  whereby  heal  is  lost,  are  very 
small  comfjared  with  the  amount  of  heat  liberated  when  the  end  products  are 
formed. 

(2j  Certain  physical  processes  are  a  second  source  of  heat:  (tf)  The 
transformation  of  the  kinetic  mechanical  energy  of  internal  organs,  when 
the  work  dune  is  not  transferred  outside  the  body,  produces  heat.  Thus  the  whole 
of  the  kinetic  energy  of  the  heart  is  changed  into  heat,  owing  to  the  obstructions 
which  are  opposed  to  the  blood  stream  (tj  93).  The  same  is  true  of  the  mechanical 
energy  evolved  by  many  muscular  viscera.  The  torsion  of  the  costal  cartilages, 
the  friction  of  the  current  of  air  in  the  respiratory  organs  and  the  ingesta  in  the 
digestive  tract,  all  yield  heat. 

An  cuccpiivcly  minute  amount  of  the  mechanical  cncr^  of  the  heart  is  transfcrrtd  to  »>uriuunding 
bodies  by  the  cjirdiac  impulse  and  the  superficial  puUe  beats,  but  ibis  is  inlinitesiinajly  small.  Lturing 
miptraiion,  when  the  respiratory  ga&es  and  other  subsiances  are  expired,  a  very  small  amount  of 
energy  diupixuin  externally,  which  does  not  become  changed  into  heat.  If  mc  assume  that  the 
daily  worL  of  the  circulation  exceeds  S6,ooo  kilogram  meUcs,  the  beat  evolved  is  equal  to  204.000 

loriea.  in  twenty-four  hours  \\  93),  which  is  siiAtcient  to  raise  the  temperature  of  a  person  of 
icdium  «i<e  2°  C. 

(^'j  When,  owing  to  muscular  activity,  the  body  produces  work  which  is  trans- 
ferred to  external  objects,  ir. i^,  when  a  man  ascends  a  lower  or  mountain,  or 
throws  a  heavy  weight,  a  portion  of  the  kinetic  energy  passes  into  heat,  owing  to 
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friction  of  the  muscles,  tendons,  and  the  articular  surfaces,  as  well  as  to  the  shock 
and  pressure  of  the  ends  of  the  bones  against  each  other. 

(c)  The  electrical  currents  which  occur  in  muscles,  nerves,  and  glands  very 
probably  are  changed  into  heat.  The  chemical  processes  which  produce  heit 
evolve  electricity,  which  is  also  changed  into  heat.  This  source  of  heal,  hovevcf, 
is  t'tfy  small. 

{d)  Other  processes  are  the  fannaiion  of  Iicai  from  tbc  abtorpthpt  of  CO,  (^emry),  bjr  tbe  tm- 
eettiraiion  of  water  as  \\  pajtses  through  membranes  [A'fgnauit  and  PouUlH\^  in  imbitiiikon  {.Mm- 
Uucci^  f8j4),  Jormatwn  of  the  soiids,  t.  g.,  uf  chalk  in  tbe  bones.  After  death,  and  in  tome  pttho- 
logical  processes  during  life,  the  coogalaiiun  uf  bluod  ( Valentin,  &htffer\  anil  the  prodactioo  o( 
ri^or  mortis  are  sources  of  heat. 

ao7.  HOMOIOTHERMAL  AND  POIKILOTHERMAL  ANI- 
MALS.— In  plLtce  uf  the  uld  classification  of  animals  into  **  cold  blooded*' 
and  "  warm  blooded,"  another  basis  of  classification  seems  desirable,  vi/.,  the 
relation  of  the  temperature  of  the  body  to  the  temi^erature  of  the  surrounding 
medium. 

Bergmann  introduct:d  the  word  homoiothermal  for  the  warm-blooded  ani- 
mals (mammals  and  birds),  because  these  animals  can  maintain  a  very  uniform 
temperature,  even  although  the  surrounding  temi)erature  be  subject  to  considerable 
variations.  The  so-called  cold*bloodcd  animals  are  railed  poi  kilo  thermal, 
because  the  temperature  of  their  bodies  rises  or  falls,  within  wide  limits,  with  the 
heat  of  the  surrounding  medium. 

When  homoiothermal  animals  are  kept  for  a  long  time  in  a  cold  mcdturo. 
their  heat  production  is  increased,  and  when  they  are  kept  for  a  long  time  in  a 
warm  medium  it  is  diminished. 

Fordycc  gave  a  [itoof  of  tlir  nearly  uniform  temperature  in  man.  A  man  remained  ten  minotes 
in  an  oven  cuDlatmng  very  dry  hut  air  ^2  3lS),  and  yet  ihe  lemperaiure  of  the  palm  of  his  lund. 
mouth,  and  urine  was  increased  only  a  few  tenths  of  a  degree.  tJccqucrcI  and  Krechet  invcA^ated 
(he  temperature  uf  the  human  biceps  (by  means  of  thermo-electric  needles),  when  ihc  arm  bad  been 
one  hour  in  ice,  and  yet  the  tcmpcraiurc  uf  the  muscular  tissue  was  cooled  only  0.2°  C  The  lune 
muscle  did  nut  undergo  any  incrcue  in  temperature,  ur  at  most  0.2°  C,  when  the  maa'f  aim  wu 
placed  for  a  quarter  of  an  hour  in  water  at  42°  C. 

If  heat  be  rapidly  abstracted  (§  335)  or  rapidly  supplied  (§  aai)  to  the  bod]r» 
so  as  to  produce  rapid  variation  of  the  temperature,  life  is  endangered. 

Poikilothcrmal  animals  behave  very  differently  ;  the  temperature  of  their 
bodies  generally  lollows,  although  with  considerable  variations,  the  temperature  of 
the  surroundings.  When  the  temperature  of  the  surroundings  is  increased,  the 
amount  of  heat  produced  is  increased,  and  when  the  surrounding  tempenUure 
falls,  the  amount  uf  heat  evolved  within  the  body  also  fails. 

The   following  table   shows  very   clearly  the  characters  of  poikilothcrmal   animals,  f.g.,  fit>cft| 
{J^ana  escni/nta),  which  were  placed   in  air  and  water  of  varying  temperatures.     The  frogs  weft  J 
fixed  10  an  iron  support,  and  immersed  up  to  the  mouth.   The  temperature  was  measured  b; 
of  a  ihennoineter  introduced  through  the  rauutU  into  the  siutuach. 


I 
I 


In  Water. 

In  Air.                                    1 

TcnpenluR  of  ibe 

Tempemtiuc  at  Fros'a 
SUMMck 

TeniMnturcaf  dts 
Air. 

Tenpcnoun  of  Ft^> 
Stomach. 

41  Xi'  c. 

35a 
30.0 

230 

30. 6 
11*5 

1:1 

38.0°  c. 

34.3 
29.0 

32.6 
20.7 

"9 

27-4 
19.S 
16.4 
U.7 
6.a 

5-9 

3«.7*C 

24^ 

19.7 

15.6 

14.6 

laa 
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[Temperature  of  Different  Animala. 


Birds. 

Temp. 
Thalauidroma    .  .    .  40.30 

IVuccUaria 40.V0 

Goose 41.70 

S-- {^^fo 

rigcon    .    .    .  41. 80-43. 50 

Turkey 4270 

Guinea  Ibwl  ....  43.90 

Dock -I  *3-90 


Tctiii>, 

Swallow 4403 

Gull 37.8 

Mammals. 

Tiger 37.20 

Horse   .    .    .  36.80-57.50 


Crow 


Kal 38.80 

Hare 3780 

Cat    ....  38.30-38.90 

Guinea  pig  ....  38.S0 

I  37-40 

I  42.50     Dog ]  39.00 

41.17  1 3960 


Temp. 

Panther 38.90 

Mouse 41.1 

Dulpbtn 35.5 

(  37-30-40.00 
Sheep  .  .    .   ]  39.50-4000 

[  40.00-40.30 

Ape 35-50 

Guinea  pig  .  ,  35.76-38  00 
Rabbit    .    .    .  37.50-^8.00 

Ox 37.50 

A» 36.9S 

( Gnvarret  and  Jfosertikai)\ 


Fig.  315. 


/ifpHIft. — Snakes,  lo^-ia",  but  higher  wlicn  incubating.  Amphibians  anJJishts — 
0-5*~3**  ^l^ovc  the  temperature  of  the  surroundings.  Arihropoda — o.l*-5.8*'  atwve  the 
Mirroundiiigs.  Bees  in  a  hi»c,  30°-32*',  ami  when  swarming.  40**.  The  following 
antnial»  have  n  icni)M;r3iiure  higher  than  the  surrounding  temperature :  Cephalopods, 
0.57°;  molluscs.  0.46*^ ;  cchinoderms.  0,40°  :  medusce,  0,27  ;  polyps,  0.21°  C. 

308.  ESTIMATION  OF  TEMPERATURE— THERMOMETRY.— 
Thermometry. — iJy  using  Ihermometric  apparatus,  we  arc  enabled  to  obtain  tnforma- 
non  regarding  the  degree  of  heal  of  the  body  to  be  investigated.  For  this  purpose  the 
following  meiliod*  are  employed  :— 

\K)  The  Thermometer  {^GaliUo^  f^oj). — Sanctorius  made  the  first  thcrmomctric 
oljocrvBlions  on  man  ^1636).  Celsius  (1701-J744)  divided  his  thermumcler  intu  100 
partft,  and  each  pan.  was  again  divided  imo  10  pails,  so  that  ,\,°  C.  could  be  easily 
read  off.  All  thermometers  which  have  been  used  for  a  long  time  give  too  high  rcad- 
ings  [Sel/ani),  hence  they  should  be  compared,  from  Ume  to  time,  with  a  nunnal 
tbcnnometer.  When  taking  the  tem[<eraiure,  the  bulbs  ought  to  be  surroun^led  for  hf- 
tecn  minutes,  and  during  the  last  H%c  minutes  the  mercury  column  ought  out  to  vary. 
A  very  sensitive  thcrmumctcr  will  indicate  the  temperature  after  seven  seconds  if  the 
urine  Mream  be  directed  upon  its  bulb  [Oertmann).  Minimal  and  Maximal  ther- 
mometers arc  often  of  u.-*  to  the  physician. 

Walferdin'k  metastatic  thermometer  (Fig.  215)  is  specially  useful  for  compara- 
tive observation.  The  tube  is  ver}'  nanow  in  comparison  with  the  tHilb,  .ind  in  order 
that  the  stem  be  not  too  long,  it  is  cuusiructcd  so  that  the  amount  of  mercury  co-ti  be 
varied.  A  quantity  of  mercury  is  taken,  so  thai  with  the  temjwniturc  expected  the 
thread  of  mercury  will  stand  .ibout  the  middle  of  the  stem.  A  small  butt>  at  the  upper 
port  of  the  stem  receive*  the  excess  of  Hg.  Suppoi*e  a  temperature  between  37''-40° 
C.  is  10  be  measured,  the  bulb  is  first  heated  a  little  over  40°  C,  it  is  tlien  suddenly 
cooled,  and  shaken  at  the  same  time,  so  ihar  the  thread  of  mercury  Is  thereby  suddenly 
broken  above  40°.  The  tube  is  so  narrow  that  i^  C.  is  equal  to  about  10  centimetres 
of  ihe  length  of  the  tube^so  that  ^\^°  C.  is  still  1  millimetre  in  length.  The  scale  is 
divided  ciiifiirically,  but  the  valve  of  the  divisions  must  be  compared  with  n  normal 
thermometer. 

Kruneckcrand  Meyer  used  very  small  maximal  "outflow  thermometers"  {Duhng 
am*i  Petit  \,  and  cau.sed  them  to  pass  through  the  inic&imal  canal,  orihrough  large  blood 
Tcaaclt.  "Ihc  mercury  flows  out  of  the  short  open  lube,  and,  of  cjurtc,  more  (lows  out 
the  higher  the  temperature.  After  these  small  tubes  have  passed  through  the  aniinal, 
a  com|)«nson  is  laMituied  with  a  normal  thermometer,  to  determine  at  what  temi>era. 
ture  the  mercury  reaches  the  free  margin  of  the  tube. 

(Bi  Thermo-electric  Method. — This  method  enables  us  to  determine  the  metas- 
tatic icmpenuurcftccuroicly  and  rapidly  (Kig.  3 [6,  I).  The  thermo-electric  galvano- 
meter of  Meissner  and  Meyersteui  consists  of  a  circular  magnet  (m),  suspended  by  a 
ttiread  of  silk  ^t-),  to  which  a  small  mirror  (S)  is  attached.  A  large  stationary  bar 
magnet  (M)  i»  placed  near  the  magnet  \m),  so  that  the  north  poles  in  and  N|  nr  bctb 
magnets  point  10  Ihe  same  direclioD.and  it  is  so  arranged  thai  the  suspended  magnet  is 
caused  to  point  to  the  north  by  a  minimal  action  of  M.  \  thick  copper  wire  fd,  b)  i.s 
coiled  sercrai  limes  round  m  (although  in  ttic  figure  it  is  represcntetl  as  a  single  coil), 
and  Ihe  ends  of  the  wire  aie  soldered  to  two  ihermo  elements,  each  composed  of  two 
different  metals,  iron  and  (Jemian  silver,  the  two  similar  free  elements  being  united 
by  a  wire  (i(,),  to  that  the  two  thermo  elements  form  part  of  a  closed  circuit.  \ 
horizontal  scale  ^  K,  K )  is  (>laced  at  a  distance  of  3  metres  from  the  mirror,  so  that  the 
the  scale  are  seen  in  the  mirror.  The  scale  itself  rests  upon  a  telescojte  (F)  directed 
mirrur.     The  observer  (U)  who  looks  through  the  telescope  can  see  the  divisions  of  the 
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mirror.  When  the  magnet,  and  with  k  ihe  mirror,  swing  out  of  the  rongneiic  meridUn,  lU 
ul»terver  notices  i4hrr  iiivihions  of  the  .scale  in  the  mirror.  When  one  uf  the  tbcrxoo  elcmcnUt* 
hcoied,  an  electrical  cunent  is  produced,  which  )>a.sses  fruin  Uie  iion  t«  llie  Ccim.-in  vlTf-  m  ibt 
heated  couple,  and  causes  a  dcviolion  of  ihe  suspended  mo^et.     Suj^tose  a  pcTWn  .  i  r.iif 

in  the  direction  of  the  currenl  in  the  cnnduciing  wire,  then  the  nurth  pntc  uf  tit-  -tig 

the  north  {Ampere).  'ITie  tangeot  of  the  nngle  y,  through  u-hich  ilic  freely  iunv;ii.ic  nu-.gnetii 
diverted  by  a  galvanic  ctirrent.  fruni  ii«  position  of  rest  or  zero,  in  the  m^^netic  mendian,  is  Ihe  luw 

as  the  galvanic  »treain;  (j  is  propurtionat  to  the  magnetic  energy  D,  i.  r.,  taiig.  ^  ^  ~-    If  C  b 
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Scheme  of  thenao-clectric  amneementa  for  cttimatitic  Uie  icmpcikture. 


to  remain  the  same,  and  the  tang.  ^  to  be  as  large  as  possible,  the  magnetic  energy  must  be 
i<>hed  as  much  as  possible.  If  the  magnetism  u(  ihe  suspended  magnet  be  indicaietl  In*  w.  and  tl»t 
cif  ihe  eaTih  by  T,  the  numnelic  directing  energy  D  =:  Tm,  so  that  D  can  he  diminished  in  t»« 
wa>'s:  (I)  by  diminishing  the  magnetic  moment  of  the  suspended  magnet,  as  may  be  done  Ity  ttu( 
a  pair  of  astntic  needles,  such  as  are  used  in  Nobili's  galvanometer ;  (2)  and  also  by  weakealBf 
the  magnetism  of  the  earth,  by  placing  an  accci(sor\'  staiinnary  magnet  [  Hnuy's  rod)  in  the  nac 
direction,  and  near  the  suspended  magnet.  An  important  arrangement  for  rapidly  getting  the  tstt- 
net  to  zero  is  the  dead-beat  arrsngemetil  of  Gauss  ( not  figured  in  the  scheme).  It  consists  of  a  thsw 
copper  cylinder,  on  which  the  wire  of  the  coil  is  wound.    This  mass  of  capper  may  be  rrgaitkd  u 


I  ctowd  miutiplical or  vrtlh  a  very  large  transverse  section.  Tlic  vibrating  mai^ct  induces  a  current 
li  electhctiy  in  this  closed  circuit,  whc&c  intensity  i&  greatest  wlieii  the  velocity  uf  the  excursion  of 
he  magnet  ts  grealesi,  and  which  takes  the  op^xtsitc  direction  an  soon  as  the  magnet  returns  lowAr^l 
tcro.  These  induced  currents  cause  a  diminution  of  the  vibntions  of  the  magnet  in  this  way,  that 
he  arc  of  vibration  of  the  magnet  diminishes  very  rapidly,  ulmost  in  a  geometrical  progression. 
The  induced  damping  current  is  stronger,  the  leu  the  resistance  in  the  closed  circuii,  and  in  the 
tamper  or  dead-beat  arrangement  itself,  the  grentcr  the  section  of  the  copper  ring.  Thi^  damping 
urangcmeut  limits  the  mcillation  of  the  niagoei,  and  it  comes  to  rest  rapidly  and  promptly  afttr 
hrec  or  four  small  vibrations,  so  that  much  time  is  saved.  The  angle  of  deviation  is  so  small  that 
Ibc  angle  itself  may  t>c  taken  instead  of  the  tangent. 

The  thermo-electric  needles  of  Duirochei  (It)  may  be  placed  in  the  circuit.  Tliey  consist  of 
Ton  and  tjerman  silver  soldered  at  their  points ;  or  the  needles  of  Bccquerel  (III)  may  be  used, 
rhey  cooAtst  of  the  same  melats  soldered  in  a  straight  line,  unc  behind  ttic  other.  The  nccdlct 
nust  always  be  covered  by  a  varnish,  which  will  prevent  the  parenchymatous  juices  from  acting 
ipoD  them,  and  so  causing  a  current.  Before  the  experiment  we  must  delermine  what  extent  of  cx- 
:uT^ton  on  the  scale  is  obtained  with  a  cenain  temperature.  In  order  to  determine  this,  a  delicate 
licrfDomctcr  is  fixed  to  each  of  the  thermo  couples,  and  both  are  placed  in  oil  baths,  which  differ  in 
:cinpcrature — say  by  t°  C. — as  can  be  determined  by  tlie  thcruionieler.  When  the  current  is  closed, 
he  excurvoo  on  the  scale  will  indicate  i"  C.  Suppose  the  excursion  was  150  mm.,  tlien  each  mm. 
>f  the  scale  would  be  equal  to  ^^g°  C.  When  this  is  determined,  the  two  thermo  needles  may  be 
placed  m  the  difTcrcnt  tissues  or  organs  of  atiimala,  and.  of  course,  we  obtain  the  diBcience  of  tem- 
perature in  these  places.  Or  one  thermo  couple  may  be  placed  in  a  l>aih  of  c^jnstant  temperature 
(nearly  that  of  the  body),  in  which  is  placed  a  delicate  thcrmomeicr,  while  the  other  needle  is  Intro- 
QDCcd  into  the  organ  to  be  investigated.  In  this  case,  we  obtain  the  diHerence  of  temperature  lie- 
Iween  the  tissue  and  the  source  of  the  constant  heat.  The  electric  current  pas-^es  in  the  warnier 
needle  from  the  iron  to  the  German  silver,  and  thus  through  the  wires  of  the  apparatus.  For  small 
difiierenccs  of  temperature,  such  as  occur  in  the  body,  the  thcrmu  electric  energy  is  always  prupor- 
Itoaal  to  the  difference  of  temperalure  of  the  two  needles  or  couples.  In  place  of  a  single  pair  of 
Deedlca  several  may  lie  used,  whereby  the  sensitiveness  of  the  apparatus  Is  greatly  increased.  Helm- 
holti  found  that  by  using  sixteen  antimony -bismuth  couples  he  could  detect  an  iucrcusc  of  ic^aa°^- 
SchifTer  prepared  a  simple  thermo  pile  (IV)  by  soldering  together  oUemaicly  four  i>airs  of  uues  of 
iron  (/)  and  German  silver  (a).  These  are  placed  in  the  two  organs  (A  and  B},  which  arc  to  be 
iorett^ted,  whereby  ■  very  high  degree  of  exactness  is  obtained. 


209.  TEMPERATURE  TOPOGRAPHY.— AUhough  the  blootl,  in 
virtue  of  its  cunttmial  motion,  comi'leting,  as  il  does,  the  cirtjulation  in  twenty- 
three  seconds,  must  exercise  a  very  considerable  influence  on  the  cqnilibmtion  of 
the  temperature  in  difTerent  organs,  nevertheless  a  completely  uniform  temperature 
does  not  exisif  and  the  temperalure  varies  in  difTerent  parts: — 

X.  Temperature  of  the  Skin. 


Middle  of  the  wile  of  the  foot  .    ,  32.26°  C, 

Near  teodo-Achillis 33*^5 

Antenor  surface  of  leg 3J05 

ddle  of  calf 33.S5 

nd  of  knee 35-00 

Middle  of  upper  arm 35-40 

Inguinal  fold 35'iio 

Near  cardiac  impulse    .....  34.40 


^' 


J.  Davy  made  theie  observations  directly  after 
standing,  while  naked,  with  the  iem{>eni- 
ture  of  the  room  at  Si"*  C.  Only  the  under 
surface  of  the  thermometer  touched  tbe 
skin. 


Id  the  closed  axilla,  36.49  (meon  uf  505  individuals) ;  — 36.5  to  37.25  ( IVundiriieA) ;  — 3689°  C. 

The  temperalure  of  the  skin  of  the  head  is  higher  in  the  forehead  and  parietal  region  than  in  the 
occtpiul  region ;  the  left  side  Is  warmer  than  tbe  right  (Afaraf^/iano).  Dy^nodt  increa.sea  the 
temperature  of  the  skin  [I/eideniutiH,  frankcl). 

Method. — Uebermeiucr  determines  the  temperature  of  free  cutaneous  surfaces  thu»:  The 
bulb  of  the  ihcrmometcr  \%  heated  slightly  above  the  temperature  expected ;  after  the  mercury  begins 
to  fall,  the  bulb  ts  placed  on  the  skin,  and  if  the  bulb  l)a:s  Ihc  same  tcmjicrature  as  ttic  »kin,  the 
mercury  remaini  stationary.     ThiA  experiment  muM  be  repeated  several  times. 

3.  Temperature  of  the  Cavities. 

Mouth  under  the  tongue 37*I9*  C., 

Rectum 38.01 

Vagina 38.30 

{Uterine  cavity  somewhat  warmer;  cervical  canal  somewhat  cooler) 
Urine ,  37.03 

a3 
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The  temperature  falls  in  the  stomach  during  digestion  (§  i66,  i).  Cold  in- 
jections ( 11°  C. )  into  the  rectum  rapidly  lower  the  temperature  in  the  stomach  i" 
C.  ( li'iu/crm'h). 

3.  The  temperature  of  the  Blood  is,  as  a  mean,  39**  C.  The  venous  blood 
in  interna!  viscera  is  warmer  than  the  arterial,  but  it  is  cooler  in  periphnil 
parts: — 

Blocxl  of  ihc  superior  vena  Cava  .    .  36  78* 


Blood  of  the  right  heart 38.8' 

»'         left  heart 38.6 

"         ■««» 38.7 

"        hepotic  veins    ....  39.7 
{a.  Bemorii). 


inlerior  vena  cava 
crural  veio 


3»-u 
V.  Li*hig. 


The  lower  temperature  of  ihc  blood  in  the  left  heart  may  he  explained  by  the  blood  tiecmnlng 
cooled  in  ii*  pa-^saje  through  the  lungs  dining  respiration.  According  in  Heidcnham  and  K^mn, 
the  ri^ht  heart  is  slightly  wanner  bcL-nuse  it  lies  in  relation  with  the  wrann  liver,  while  the  left  beui 
\%  KuriDundcd  by  the  lung  which  coriains  .lir.  This  observation  of  Malgaigne  ( 183Z),  Bergef,  iimI 
G.  V.  Licbig  is  disputed  l>y  others,  who  say  that  the  Uft  hean  is  sUghtly  warmer  {Jact^hfin  amd 
Bft^hartit)  bccaufc  ihc  combustion  processes  are  more  active  in  arterial  hlood.  and  heat  is  evolved 
during  ihc  formation  of  oxyhn.-moglobin  |  Cami^re).  l"he  blood  in  the  veina  is  usually  cooler  than 
in  the  corresponding  inerics  (///i//rr),  owing  to  the  superficial  position  of  the  former,  whereby  ibey 
give  off  heat  during  their  long  coursi: ;  thus  the  blood  of  Xhcjupt/ar  \rin  is  )^  to  2^  C.  lower  than 
the  blood  in  the  (acotiii  {Colin);  the  frurnivnn  l^  to  l"  cooler  than  in  the  frwni/ artery  \Be,qut- 
rel anj  HrechttV  Superficial  veins,  more  es|jetially  than  those  of  the  ikin,  give  ofl  much  Heat, 
and  their  blood  is.  therefore,  somewhat  cooler.  The  warmest  blood  is  that  of  the  kepotU  Vfin. 
39.7°  C.  (tV.  iff^Wfjro'),  partly  owing  to  the  great  chemical  changes  which  occur  within  the  liver 
owing  10  its  secretory  activity  (\  2io,  a),  and  partly  to  its  protected  situation. 

(4)  Temperature  of  the  Tissues. — The  individual  tissues  are  warmer — (i) 
the  greater  the  transJbrmation  of  kinetic  energy  into  heat,  /.  f.,  the  greater  the 
tishue  metabolism  ;  (2)  the  more  blood  they  contain  ;  (3)  and  the  more  protected 
their  situation.  According  to  Heidenhain  and  Korner,  the  cerebrum  is  the  warm- 
est organ  in  the  body. 

Bergcr  measured  the  temperatiire  of  the  tiitaes  of  a  .iheep,  and  found — 

Subcutaneous  tissue 37-35'*  C.  ^  While  the  temperature  was  in — 

Brain 40.25         \^         Rectum 40-fi7°  C 

Liver 41-25  (  Right  heart 41.60 

Lungs 4^-50         J  Lett  heart 40.90 

Itecqucret  and  Hrechet  found  the  temperature  of  the  human  sulxmlancous  tissue  to  be  2.  iT. 
lower  than  thai  of  the  neighboring  muscles.  I'he  horny  tJBSuea  do  not  produce  heal,  and  fhett 
low  iemj)crature  is  due  to  the  conducnon  of  heat  from  the  parts  on  which  they  grow.  The  leai- 
peraturc  of  the  cornea  partly  dqwnds  on  that  of  the  iria,  and  the  tnore  contracted  the  pupil  is.  it 
receiver  niurc  heat  frum  the  blood  vessels  of  the  iris. 

210.  CONDITIONS  AFFECTING  THE  TEMPERATURE  OF 
OKGANb. —  rhc  temperature  ot  the  individual  organs  is  by  no  means  constant; 
It  is  inrtuenced  by  many  conditions  ;  among  these  are  the  following: — 

( T )  The  more  heat  that  is  produced  indcpendcntiy  within  a  part.,  the  higher  is  its 
temperature.  As  the  amoum  uf  heal  produced  within  a  part  def>ends  upon  its 
metabolism,  therefore,  wlicn  the  mctabolLsm  is  increased,  the  amount  of  heat  pro- 
duced is  similarly  increased. 

ia)  Glands  prodtirc  more  heat  during  the  act  of  secretion,  as  Is  proved  by 
the  higher  tuniperature  of  their  secretion,  or  by  the  higher  temperature  of  the 
venous  blood  flowing  out  of  their  veins. 

Ludwig  found  that  when  he  stimulated  the  chorda  tympant.ibe  saliva  of  the  submaxillary  gland 
was  1.5"  C.  warmer  than  the  lilood  in  the  carotid,  which  supplied  the  gland  with  blood  \p.  339; 
I'hc  blood  in  the  renal  vcni  in  a  kidney  which  is  secreting  is  warmer  than  the  blood  in  tOe  renal 
nriei>.  Ihc  secreting  liver  pruduces  much  heat  [\  17S).  CI.  Bernard  investigated  the  lempcra- 
lute  of  the  bloo<t  ol  the  portal  and  hepatic  vcina  during  hunger,  at  the  beginning  of  digcstioo, 
and  vt  ben  digestion  was  most  active,  and  he  found  : — 
'I  emperature  of  portal  vein 37.8°  C.  ^      A/irr  4  days      f  Blood  of  r^hl  heart,  38.S*. 


hepatic  vein  . 


3»-4 


ttarvcitoH, 


(Hunger  period.) 
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iperalnrc  of  portal  vein 39.9'' C-  )      Beginning  of 

•*  hepatic  vein 39,5        /         digution. 

Temperature  of  ponal  vein 39.7        \    Digestion  most    i  Blood  of  right  heart  during 

•*  hepaltc  vein  ....      41.3        /  active.  \      digestion,  39.2°. 

In  the  dog  a  moderate  diet.  chemtOLl  or  mechanical  stimiilation  of  ilie  gastric  mucous  membrane, 
or  even  the  sight  of  food,  raises  the  temperAiure  in  the  stomach  ami  intestine. 

(3)  When  the  muscles  contract  they  evolve  heat  [Jiunsgn,  iSoj)-  Davy 
found  that  an  active  nauscle  became  0.7°  C.  warmer;  while  Becquerel  (1835),  by 
means  of  a  thermo-galvanometer,  found  that  human  muscles,  when  kept  con- 
tracted for  five  minutes,  became  1°  C.  warmer  (§  302). 

This  is  one  of  the  reasons  why  the  temperature  may  rise  above  40°  during  rapid  running  A 
temperature  obtained  by  energetic  muscular  action  usuaUy  does  not  fall  to  the  normal  umil  after 
resting  for  1  >.^  hours  (BiJ/rc/A).  The  low  temperature  of  paralyzed  limbs  depends  partly  upon  the 
abftCDCe  of  the  muscular  contractions. 

(0  With  regard  to  the  effect  of  sensory  nerves  upon  the  temperatures,  some 
of  the  chief  points  to  ascertain  are  whether  the  ctnu/ation  is  accelerated  or  re- 
tarded by  iheir  stimulation,  or  whether  the  respiration  is  increased  or  diminished 
(§  214,  II,  3),  and  whether  the  muscUs  of  the  skeUton  are  relaxed  or  contracted 
rcflexly  (§  214,  I,  3).  In  the  former  case  the  temperature  of  the  interior  and 
rectum  is  increased ;  in  the  latter,  diminished. 

That  there  are  Aftn*  r<yM/rj//Mi,'-«^a'f  i-rtf/rrt  has  not  been  definitely  proved  ;  with  regard  to  the 
influence  of  vatomoter  nervts  (g  371). 

(</)  The  temperature  of  the  body  rises  during  mental  exertion.  Davy  ob- 
served an  increase  of  0.3''  C.  after  vigorous  mental  exertion. 

Lombard  observed  that  the  temperature  of  the  forehead  roM  0.5°  C.  during  mental  activity  and 
emotional  disturbances.  The  part  of  the  forehead  corresponded  to  the  posterior  region  of  both 
upper  frontal  convolutions,  to  the  anterior  centra)  convolution,  and  (?)  to  the  anterior  port  of  the 
posterior  central  convolution.     The  temperature  was  higher  on  the  left  side. 

{i)  The  parenchymatous  fluids,  serous  fluids,  and  lymph  produce  little  heal, 
owing  to  their  feeble  metabolism,  hence  they  have  the  same  temperature  as  their 
surroundings ;  the  epidermal  and  horny  tissues  do  not  produce  heat,  they  merely 
conduct  it  from  subjacent  structures. 

(2)  The  temperature  dependsy  to  a  large  extent,  upon  the  amaunt  of  blood  in  an 
organ,  and  also  upon  the  rapidity  with  which  b hod  is  rene^ved  by  the  circtilation. 
This  is  best  observed  in  the  difference  of  the  temperature  between  a  cold,  pale, 
bloodless  hand  and  a  warm,  red,  congested  one. 

Bcccfuerel  and  Brechct  found  that  the  temperature  of  the  human  biceps  fell  leveral  tenths  of  a 
dc^ee.  when  the  axillary  artery  was  compressed.  Ligature  of  the  iliac  artery  in  a  Jug  causetl  a  fall 
of  ^°  C.  withm  eighteen  minutes;  while  the  remov.iTof  the  ligature  caused  the  tempcraiure  to  nse 
rapidly  to  normal.  Ligature  of  the  crural  artery  and  vein  in  a  dog  causes  a  fall  of  several  degrees 
(LamJch).     If  the  extremilies  be  ke)H  suspended  in  the  air,  they  twcome  bloodless  and  cold. 

Liet>ermeister  has  pointed  out  a  dilference  with  regard  to  the  external  and  internal  parts  of  the 
boily.  The  external  parts  give  off  more  heat  than  they  produce,  so  that  they  become  cooler  the 
more  slowly  utw  blood  iIoks  into  them,  and  warmer  the  greater  the  rapidity  of  the  blood  stream 
through  them,  .'\cceleration  of  the  blitod  stream,  therefore,  causes  the  temperature  of  peripheral 
parts  to  i4jproaimate  mure  and  more  to  the  temperature  of  internal  organs,  while  retardation  of  the 
otood  stream  causes  them  to  approach  the  temperature  of  the  surroundmg  medium.  Kxactly  the 
reverse  is  the  case  with  internal  parts,  where  a  large  amount  of  heat  is  produced,  and  heat  is  given 
ap  almuu  alone  to  the  blooii  which  Huws  through  them.  Their  temperature  must  fall  when  the 
titood  stream  thn^ugh  th^m  is  accelerated,  and  it  is  raised  when  the  blood  stream  is  retarded  {JM- 
4tnJkaim).  Hence  it  follows,  that  the  greater  the  difference  of  ike  tem/eraturc  between  peripherat 
^mtiinttrHai partly  the  \lirufer  must  be  the  vehdty  cf  the  cireulation, 

(3^  If  the  position  of  an  organ  be  such,  or  if  other  conditions  cause  it  to 
give  off  heat  by  conduction  or  radiation,  then  its  temperature /a/A. 

A  good  example  of  this  is  the  skin,  which  varies  greatly  in  temperature  .iccnrding  to  the  tempcrn- 
terc  of  the  sunuunding  medium,  whether  it  is  covered  or  uncovered,  whether  it  is  dry  or  moist  with 
sweat  ^wbich  abstracts  heat  when  it  evaporates).     When    much   cold  food   or  drink   is  taken  the 
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stomach  is  cooled,  oiul  when  ice  cold  air  is  breathed  the  respiratory  passages  as  far  u  the 
bronchi  are  cooled. 

an.  ESTIMATION  OF  HEAT— CALORIMETRY.—Calorimetry 

is  the  rnclliod  of  determining  the  amount  of  heat  possessed  by  any  body,  or  what 
amount  of  heat  it  is  capable  of  producing.  The  unit  of  measurement  is  the 
"heat  unit,"  i.  e.^  the  amount  of  heat  (or  potential  energy)  required  to  raise 
the  temperature  of  i  gramme  of  water,  i°  C.  (sec  Iniroductiofi). 

ExpcrimcDl  his  shown  that  tqual  qutiniitiei  of  different  substantet  require  very  un^umi  tnmtaiti 
0/  heat  to  raue  them  to  the  same  temj^rature.  e.  ^.,  I  kilo,  water  requires  nine  times  as  much  bat 
as  I  kilo,  iron  to  rai5e  it  (o  the  same  temperature.  In  the  human  body,  therefore,  which  is  taa- 
posed  of  very  different  substances,  unequal  amounts  of  heat  will  be  required  to  raise  them  all  tot^c 
same  t<*mperaturc.  I'he  same  amount  of  heat  transferred  to  two  different  suttstances  will  raise  ihem 
to  diffcrcnl  iciDpcrtiturcs.  Hence,  bodies  of  diflTcrcnt  temperatures  may  contain  equal  amounts  of 
beat.  The  amount  of  heat  required  to  raise  n  definite  quantity  [e-  g-,  1  grm.)  of  a  subittaocc  to  a 
certain  higher  degree  {^.j-.,  1°  C.)  is  called  *' specific  heat  *'  { lVi//tif, /ySo\ .  The  specific  hen 
of  water  (wliich  of  all  bodies  has  the  highest  lipccific  heat)  is  token  as  —  1.  By  "  beat  capacity** 
is  meant,  that  property  of  bodies  in  virtue  of  which  they  mud  absorb  a  given  amount  of  beat  la 
order  to  have  a  certain  temperature  {Crawford). 

Calorimetry  is  employed  :  I.   To  lUiermine  the  specific  heat  of  the  different  or^m 

Fig.  J17. 
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Kvpp*  upppmius  for  Uifl  Mtlmatloa  or  spftdSc  h«au 

of  the  body.     Only  a  few  observations  have  been  made, 
heat  of  the  following  animal  parts  (water  ^  i)  is — 

Human  blood        = 

Arterial  blood        = 

Venous  blood         = 

Cow's  milk  = 

Human  muscle      = 

Ox  muscle  = 


The  mean  specific 


1.02        (?) 

Compact  bone 

=         0.3 

1-031        ? 
0.89a      (?) 

Spongy  bone 

=         0.71 

Fat  tissue 

=         0.71a 

0.992 

Striped  muscle 
Dchbrinatcd  blood 

=          0.825 

0.741 

=          0.927 

0.787 

(/.  HwntAal) 

c  human  body. 

as  a  whole,  is  about 

that  of  an 

equal 


Method.— Kopp  has  estimated  the  specific  heat  of  aoUds  and  fluids  thus  (Fig.  217)  :  The  teifd 
to  be  investigated  is  broken  in  pieces  about  the  size  of  a  pea.  and  placed  in  a  test  tube,  A.  with  thta 
walls,  which  is  closed  above  with  a  cork,  from  which  a  copper  wire  with  a  hook  on  it  projecu. 
The  test  tube  contains  a  certain  {|uaiitily  of  fluid  which  does  not  dissolve  the  sutfslaiKe,  but  which 
lies  between  its  pieces  and  covers  it.  It  is  weighed  three  times,  to  ascertain  the  weight,  (l)  of  the 
empty  glass,  (2)  after  it  is  filled  with  the  solid  substance,  (3)  after  the  fluid  is  added,  ao  that  we 
oUoin  the  weight  of  the  s<jhd  substance,  m,  and  that  of  the  fluid  /.  The  teat  tube  and  its  conicnts 
are  jilaced  in  a  mertur}'  ^'tf^t  BD,  and  this  again  io  an  pi7  bath.  CC,  and  the  whole  is  raised  to  s 
high  temperature.  Into  BB  there  is  introduced  a  fine  thermometer,  T.  W^en  the  lube.  A,  has 
reached  the  neceaaary  temperature  (say  40°)  it  is  rapidly  placed  in  the  water  of  the  accompaiqrinC 
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imetcr  bnx,  DD.  The  water  in  this  box,  which  also  contains  a  tberrnomctcr,  D,  i*.  kept  in 
motJon  umil  it  has  comptetcly  ibsorbed  all  the  heat  given  ofT  by  A.  I^t  T  represent  the  lempen- 
icurc  to  which  A  and  ils  contents  were  raised  in  the  mercury  bath,  and  T,  the  temperature  to  which 
It  fell  In  the  catarimcler;  let  s  be  the  specttic  heat,  and  m  the  weight  of  the  solid  substance  in  the 
test  tube,  while  ff  and  p.  represent  the  specific  heat  of  the  weight  of  the  interstitial  fluid  in  the  tcM 
enbe :  and  laMly,  let  w  equal  the  amount  of  water  in  contact  with  A,  which  absorbs  and  gives  off 
beat ;  then  W  represents  the  amount  of  heat  which  the  test  tube  and  its  conteats  give  off  during 

^  W  =  (*.  «  +  w  4-  iT.  ;£l  T  —  T,). 

The  amount  of  heat,  W|,  absorbed  by  the  calorimeter  is 


where  M  rrpresents  the  amount  of  water  in  the  calorimeter,  and  /  the  original  temperature  of  the 
Water  in  the  calorimeter,  and  /j  the  temperature  to  which  it  is  raised  by  placing  A  in  it.     If  W  and 

I'm  are  equal,  then 
ti 


tAe  t/fcific  htat,  s 


M  {h  -')-  (--^  +  '''  /'I  (T  -  T,) 


Che 


«(T-T,) 

^If  E  fluid  sul»tance  is  placed  in  the  test  tube,  and  Its  weight  =  m^  and  its  specific  heat 
formula  for  the  specific  heat  of  the  fluid  to  be  investigated  is — 

M(/^-/)_a.(T-T,) 
■  '-  «(T-T.) 

Ihia  is  a  subject  which  has  been  very  slightly  investigated.  J.  Rosenthal,  in  his  researches,  used 
an  ice  calorimeter  (|  206). 

kll.   Calorimetry  is  more  important  for  determining  the  amount 0/ hea/  produced 
a  given  time  by  the  body  as  a  whole,  or  by  its  individual  parts. 

Lavoisier  and  Ijiplace  made  the  (irst  calorimctic  obfcrvslions  on  animals  in  17S3,  hy  means  of 
an  ice  calorimeter;  a  guinea  pig  melted  13  oz.  of  ice  in  ten  hours.  Crawford,  ond  afterward 
Dulong  and  Dcsprelz  (1824).  used  Ruraford's  water  calorimeter,  which  is  similar  to  the  one  already 
described,  viz.,  of  P'avre  and  Silbermnnn.  Small  animals  are  placed  in  the  inner  thin-wsUed  copper 
chamber  (K).  which  is  placed  in  a  water  bath  surrounded  oa  all  sides  by  some  non-conducting 
nuteriaL  We  require  to  know  the  amount  of  water,  and  its  original  temperature.  The  number 
of  calories  is  obtained  from  the  increase  of  the  temperature  at  the  end  of  the  experiment,  which 
lasts  several  hours.  The  air  is  supplied  to  the  animal  through  a  special  apparatus  resembling  a 
gasumeter.     The  amount  of  CO,  in  the  gases  evolved  is  estimated  chemically. 

According  to  Despretz,  a  bitch  forms  14,610  heat  units  per  hour—/.  (.,  393,000 
in  twenty-four  hours.  Other  things  being  equal,  a  man  seven  times  heavier  than 
this  would  produce  in  twenty-four  hours  about  2,750,000  calories.  Senator  found 
that  a  dog  weighing  6330  grms.  produced  15,370  calories,  and  excreted  at  the 
same  time  367  grms.  CO,.  The  first  calorimetric  experiments  on  man  were  made 
by  Scharling  (1849).  Liebermeister  estimated  the  amount  of  heat  given  off  by 
a  man  placed  in  a  cold  bath,  which  was  surrounded  with  a  woolen  covering. 
Leyden  placed  a  lower  limb  in  the  calorimeter,  whereby  6000  grms,  water  were 
raised  1°  C.  in  an  hour.  If  we  assume  that  the  total  superficial  area  of  the  body 
is  fifteen  times  greater  than  that  of  the  leg,  the  human  body  would  produce 
2,376,000  calories  in  twenty-four  hours. 

aia.  THERMAL  CONDUCTIVITY  OF  ANIMAL  TISSUES.— The  thermal  con- 
ductivity of  animal  tissues  is  of  special  interest  in  connection  with  the  skin  and  subcutaneous  fatty 
tissue.  The  fatty  layer  under  the  skin,  more  especially  in  the  whale,  walrus,  and  seal,  forms  a  pro- 
tective covering,  whereby  the  conduction  of  heat  from  internal  organs  is  rendered  almost  impossible. 
Invcsligations  upon  this  subject,  however, are  few.  (mess  (1870)  attempted  to  estimate  the  theniul 
conductivity  by  heating  one  part  of  the  tissue,  and  determining  when  and  in  what  ilirection  pieces 
of  wax  placed  on  the  tissue  to  be  tnvcstigaled  t)Cf:an  to  melt.  He  investigated  the  stomach  of  the 
sheep,  the  bladder,  skin,  hoof,  horn,  and  bones  of  an  ox,  deer's  horn,  ivory,  mother-of-pearl,  ihcll 
of  haliotu.  He  found  thai  tibrous  li^soe^  conducted  heal  more  readily  in  the  direction  of  their 
fibres  than  at  right  angles  to  the  course  of  the  6brcs.  Hence,  the  figures  obtained  from  the  mehcd 
wax  were  usiutlly  elliptical.  Landois  has  made  similar  observations,  and  be  finds  that  tissues  con- 
duct bener  in  the  direction  of  their  fibres.  After  bones,  blood  clot  was  the  best  conductor,  then 
>wed  spleen,  liver,  cartilage,  tendon,  muscle,  elastic  tissue,  nail  and  hair,  bloodless  skin,  gastric 
icous  membrane,  washed  fibrin.  It  U  specially  interesting  to  note  how  much  better  skin  con- 
ling  hlood'wi  its  blood  vessels  conducis,  compared  with  bloodless  skin.  Hence  little  heal  is  given 
from  a  bloodless  skin,  while  congested  skin  conducts  and  gives  off  much  more  heat. 
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LHie  all  other  substances,  the  human  body  U  ealarged  by  heal.  A  man  weit>liin2  60  Sciloa..  laA 
whoM  tem|>eralure  is  raised  from  37°  C.  lo  40°  C,  is  enlarged  about  63  cuhic  ceniimeires.  Con- 
ucctivc  tis&uc  (tcndoD)  is  extended  t>y  heat,  while  elastic  tissue  and  the  akin,  like  caoutcbouc.  are 
contracted  {Lembard  and  Wallon"). 

213.  VARIATIONS  OF  THE  MEAN  TEMPERATURE.— 1  n 
General  Climatic  and  Somatic  Influences. — In  the  tropics  the  tneaQ  tea* 
peraturt  of  the  body  is  about  J/J^  C.  higher  than  in  temperate  climates,  where 
again  it  is  several  tenths  of  a  degree  warmer  than  in  cold  climates  \  J.  Davy}^ 
but  this  has  recently  been  denied  by  Boileau  and  Pinkerton.  This  difference  il 
comparatively  trivial,  when  we  remember  that  a  man  is  subjected  to  a  \'iiria!tnn  of 
over  40°  C.  in  i>assing  from  the  ecpiator  to  the  poles.  Observations  on  m  ■ 
4000  persons  show  that  when  a  person  goes  from  a  warm  to  a  cold  clin. 
temixfratiire  is  but  slightly  diminished,  but  when  he  goes  from  a  cold  to  a  wum 
climate  his  temperature  rises  relatively  considerably  more.  In  the  tcmperatt  loti^ 
the  temperature  of  the  body  during  a  cold  winter  is  usually  o.i**  to  0.3*  C-  lo»<t 
than  it  is  on  a  ^«-a^m  summer  day.  The  elevation  of  a  place  above  sca4ev<I  has 
no  obvious  effect  on  the  temperature  of  the  body.  There  seems  to  be  no  diflerwice 
in  different  races,  nor  in  the  sexes,  other  conditions  being  the  same.  P^tkmu 
of  powerful  physique  and  constitution  are  said  to  have  generally  a  slEghU)* 
higher  temperature  than  feeble,  weak,  anaemic  persons. 

(2)  Influence  of  the  General  Metabolism. — As  the  formation  of  heat  de- 
|>ends  upon  the  transformation  of  chemical  comjwunds,  whose  chief  fir«l  pro- 
ducts, in  addition  to  H,0,  are  CO,  and  urea,  the  amount  of  heat  formed  tmist 
%o  pari  passu  with  the  amount  of  these  excreta.  The  more  rapid  mctaboluns 
which  sets  in  after  a  full  meal  causes  a  rise  of  temijcraturc  lo  several  tenths  of  a 
degree  (*' Digestion  fever").  As  the  metabolism  is  much  diminished  during 
hunger,  this  explains  why  the  mean  temperature  in  a  fasting  man  is  36.6^,  while 
it  is  37.17**  on  ordinary  days  {Lichienfrls  ami  J^rdhiich)  (§  137). 

jQrgcnKu  abo  fouod  that  the  temperature  fell  on  the  first  day  of  inanition  (although  iberc  nsa 
tempofary  itse  on  the  second  day).  In  experiments  made  upon  starving  aDimflh.lhetemperalurcii 
first  fell  rapidly,  then  remained  constant  for  a  considerable  time,  while  during  the  last  days  il  fell 
considerably.  Schmidt  starved  a  cat:  on  the  15th  day  the  tcmpciaiure  was  38^.6;  on  the  f6tb, 
SS^-J;  171b,  37''.64;  18th,  35°.8;  19th  (death)  —  33''.o.  Chossat  Tound  that  starring  manmak 
and  birds  had  a  temperature  16°  C.  below  nonnal  on  the  day  of  their  death. 

(3)  Influence  of  Age. — Age  has  a  decided  effect  upon  the  temperature  of  the 
body.  The  extent  of  the  general  raetabolLim  is  in  part  an  index  of  the  heat  of 
the  body  at  different  ages,  but  it  is  possible  that  other  as  yet  unknown  influences 
are  also  active. 
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Newly-bom  Animals  exhibit  peculiarities  owing  to  the  sndden  change  in 
their  conditions  of  existence.  Immediately  after  birth,  the  infant  is  0.3°  warmer 
Ihan  the  vagina  of  the  mother,  viz.,  37.86°.  A  short  time  after  birth,  the  tem- 
perature falls  0.9°,  while  twelve  to  twenty-four  hours  afterward  it  has  risen  to  the 
normal  temperature  of  an  infant,  which  is  37.45*.     Several  irregular  variations 
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uring  the  first  weeks  of  life.     During  sleep,  the  temperature  of  an  infant 

4®  to  0.56',  while  continued  crying  may  raise  it  several  tenths  of  a  degree. 

tople,  on  account  of  their  feeble  metabolism,  produce  little  heat ;   they 

cold  sooner,  and  hence  ought  to  wear  warm  clothing  to  keep  up  their 

Fig.  318. 
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eriodical  Daily  Variations. — In  the  course  of  twenty-four  hours  there 
lar  periodic  variations  in  the  mean  temperature,  and  these  occur  at  all  ages, 
eral  rule,  the  temperature  confhmes  to  rise  during,  the  dny  (maximum  at  5  to 
?hile  It  continues  io  fail iiuria^  tiu  w^///(mininuim  2  to  6  a.m.).  The  mean 
:ore  occurs  at  the  third  hour  after  breakfast  {Liihtenfels  ami  Frohlich). 
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[*  Indicates  tiking  of  fooJ.] 


5Jt50  CONDITIONS   AFFECTING  THE   MEAN   TEMPERATURE, 

The  mean  height  of  all  the  temperatures  taken  during  a  day  in  a  patient  n 
called  the  "daily  mean,"  and  according  to  Jaeger,  it  is  37.13*  in  the  rectnm 
in  health.  A  daily  mean  of  more  than  37. S''  is  a  "  fever  lemperature,"  while « 
mean  under  37.0°  C.  is  regarded  as  a  "collapse  temperature." 

Accoffling  10  Lichicnfels  and  Frfthtich,  the  morning  temperature  rises  four  to  six  houn  ititi 
bteAkfoM  until  its  fint  maiiimuni,  ihca  it  falls  until  dinner  time ;  and  it  riAcs  again  within  t«m  buun 
l(j  a  second  maximum,  falls  again  toward  evenint^.  while  supper  does  nnt  appear  to  cjum  urj 
obvious  increa-MT.  The  daily  variation  of  the  temperaiure  is  given  in  Fig.  218,  acconltng  to  ljet«i- 
meisier  and  jiirgcnsen.  According  tn  Ronnnl,  the  minimum  occurs  between  12  and  3  A.M.  |tn 
winter  36.05,  in  summer  36.45°  C),  the  maximum  htiween  2  and  4  i-.m. 

As  the  variations  occur  wlien  a  person  is  starved  for  a  day — although  those  that  (kccur  u  the 
periods  at  which  food  ought  to  hove  been  taken  ore  lew — it  is  obvious  that  the  variations  arc  vol 
due  entirely  lo  the  taking  of  food. 

The  daily  variation  in  the  frequency  of  the  pulae  often  coincides  with  variation  of  the  tem> 
pcralurc.  Barcnspning  fuund  that  the  mid-day  temperature  maximum  sligblly  preceded  the  pulse 
maximum  ({  70,  3,  C). 

If  we  sleep  during  the  day,  and  do  alt  our  daily  duties  during  the  night,  the 
above  described  typical  course  of  the  temperature  is  inverted  (.Kn'fger).  Witli 
regard  to  the  effect  of  activity  or  rest,  it  appears  that  the  activity  of  the  muscle* 
during  the  day  tends  to  increase  the  mean  lemperature  slightly,  while  at  nighl  the 
mean  temperature  is  less  than  in  the  case  of  a  person  at  rest  i^Litbemmster), 

The  peripheral  parts  of  the  body  exhibit  more  or  1e»  regular  varialions  of  their  temixritsre. 
In  the  palm  of  the  hand,  the  progress  of  events  is  the  following:  .\fter  a  relatively  high  ta^ 
temprrature  there  is  a  rapid  fall  at  6  A.M.,  which  reaches  its  minimum  at  9  to  10  a.m.  This  is  fol- 
lowed by  a  slow  rise,  which  reaches  a  high  maximurn  after  dinner;  it  falls  between  i  and  3  P.I 
after  two  or  three  hour^  reaches  a  minimum.  It  rij^e-s  from  6  lo  8  I'.M.,  and  falls  again 
morning.  A  rapid  fall  of  the  temperature  in  a  peripheral  part  correqnnds  to  a  rise  of  texn{ 
ID  internal  parts  {Rbmtr\. 

(5)  Many  operations  upon  the  body  affect  the  temperature.  After  lumor- 
rhage,  the  lemperature  falls  at  first,  but  it  rises  again  several  tenths  of  a  degree, 
and  is  usually  accompanied  by  a  shiver  or  slight  rigor;  several  days  thereafter  it 
falls  to  normal,  and  may  even  fall  somewhat  below  it.  The  sudden  loss  of  a  large 
amount  of  blood  causes  a  fall  of  the  temperature  *^  to  2°  C.  Very  long-continued 
hemorrhage  (dog)  causes  it  to  fall  to  31**  or  29®  C.  {Marsha//  Ha/i). 

This  is,  ohvioasly,  due  to  the  diminution  of  the  processes  of  oxidatioo  in  the  anaemic  body,  and 
to  the  enfeebled  circolatlou.  Similar  conflitions,  causing  diminished  metabolism,  effect  the  same 
result.  Continued  stimutation  of  the  [)eripheral  end  of  the  vagus,  so  that  the  heart's  action  is  enor- 
mously slowed,  diminishes  the  temperature  scvcraJ  degrees  in  rabbits  [Londoij  and  Amman). 

The  transfusion  of  a  considerable  quantity  of  blood  raises  the  temperature 
about  half  an  hour  after  the  operation.  This  gradually  passes  into  a  febrile  attack, 
which  disappears  within  several  hours.  When  blood  is  transfused  from  an  artery  lo 
a  vein  of  the  same  aniraal  a  similar  result  occurs  {A/bert  and  Strieker)  (§  loj). 

(6)  Many  poisons  diminish  the  temijerature,  ^.  ^.,  chloroform  (5VA<7i»r/f<"»)i 
and  the  anaesthetics,  as  also  alcohol  (§  235),  digitalis,  quinin,  aconitin,  musrarin. 
These  appear  to  act,  partly,  by  rendering  t/ie  tissues  iess  /iab/e  to  undirgo  mo/enf 
iar  traftsforma/ions  for  the  production  of  heat.  In  the  case  of  the  ana^sthetic^, 
this  effect,  perhaps,  occurs,  and  is  due,  possibly,  to  a  semi-coagulation  of  the 
nervous  substance  (?).  They  may  also  act  partly  by  influencing  the  giving  off 
of  heat  (§  214,  II).    Other  poisons  increase  the  temperature,  for  opixwitc  reasons. 

The  temperature  is  increased  by  strychnin,  nicotin,  picrotoxin.  verairin  (//(t^^j).  Utidanin 
{F.  A.  /■aUit).     (."iitarii  (muicarin — //oi^rs),  laudanosin  (/.  .4.  Fti/i-i),  cause  an  uncenaia  affect 

(7)  Various  diseases  diminish  the  temperature.  M'hich  may  be  due  cither  to  lessened  produc- 
tion of  heat  (iliniinuticin  of  the  metabolism),  or  to  increased  expenditure  of  heat.  Ix>eweiihardl 
found  that  in  paralytics  and  in  ins-ine  persons,  several  weeks  before  their  death,  the  rectAl  tempera 
lure  was  30"  to  31"  C. ;  Bechtcrew  found  in  dementia  paralytica,  before  death,  27.5"  C.  (mtaai); 
the  lowest  temperature  observed,  and  life  retained,  in  a  drunken  person,  was  24^  C  i,Xnm^ 
Nito/ajfSfn), 
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The  tCTnpenUuR  is  increased  'mfrvtr,  and  tbc  highest  point  reached  just  before  death,  and  re> 
cnrded  by  Wnndcrlich,  was  44>65®  C.  (cocnpare  {  2V>).  InCTease  of  temperatare,  constituting  fever, 
is  treated  of  in  j  uo. 

214.  REGULATION  OF  THE  TEMPERATURE.— As  the  bodily 
temperature  of  man  and  similar  animals  is  nearly  constant — notwithstanding 
great  variations  in  the  temperature  of  their  surroundings — it  is  clear  that  some 
mechanism  must  exist  in  the  body  whereby  the  heat  economy  is  constantly 
regulated.  This  may  be  brought  about  in  two  ways:  either  by  controlling  the 
transformation  of  potential  energy  into  heat,  or  by  affecting  the  amount  of  heat 
given  off  according  to  the  amount  produced,  or  to  the  action  of  external  agencies. 

I.  Regulatory  Arrangements  Governing  the  Production  of  Heat. — 
Licl>ermcister  estimated  the  amount  of  heat  produced  by  a  healthy  man  at  1.8 
calories  per  minute.  It  is  highly  probable  that,  within  the  body,  there  exist 
mechanisms  which  determine  the  raoWcular  trausformiations,  upon  which  the  evo- 
lution of  heat  depends  {Hoppe-SeyUr^  Liebermeisier).  This  is  accomplished, 
chiefly,  in  a  reflex  manner.  The  peripheral  ends  of  cutaneous  nerves  (by 
thermal  stimulation),  or  the  nerves  of  the  intestine  and  the  digestive  glands  (by 
mechanical  or  chemical  stimulation  during  digestion  or  inanition)  may  be  irri- 
tated, whereby  impressions  are  conveyed  to  the  heat  centre,  which  sends  out 
impulses,  through  efferent  fibres,  to  the  depots  of  potential  energy,  either  to 
increase  or  diminish  the  extent  of  the  transformations  occurring  in  them.  The 
nerve  channels  herein  concerned  are  entirely  unknown.  Many  considerations, 
however,  go  to  support  such  an  hypothesis  (§  377). 

Heat  Centre. — So  far,  the  investigations  x^  lo  the  existence  of  such  a  centre  are  not  quite  con- 
cluuve.  Tschetschechin  and  Niunyn.  ()tt  and  \S'ooH,  assume  that  there  is  a  cerebral  heat  centre, 
which  inhibit*  ihe  combu->tion  processes  in  ihe  twady  by  means  of  fibres  deftcendiiig  through  tlie 
pons,  medulla  oblongata  and  spinal  cord,  so  that  destruction  of  this  centre,  or  its  conducting  paths, 
increavrs  the  productiun  of  heat.  Aronsohn  and  Sachs  observed  that  puncture  of  a  rabbit's  brain, 
several  miUimefres  to  the  «ide  of  and  behind  the  large  fontanelle,  was  followed  by  a  lemporarv  rise 
of  the  leroiieratnre.  Richet  noird  a  similar  result,  but  he  referred  It  to  increased  production  of  heat ; 
the   animaU  ale  more  and   lost  flesh.     Repeated  puncture  of  the  brain  finally  caused  eraaciaiion, 

IBtnutton  of  temperature  (26^  C.j  and  death. 
The  following  phenomena  indicate  the  existence  of  mechanisms  regulating  the 
Dduction  of  heat : — 
(i)  The  temporary  application  of  moderate  cold  raises  iht  bodiiy  temperatttre^ 
while  heat,  similarly  applied  to  the  external  surface,  lowers  it  (^222  and  224). 

t(j)  Cooling  of  the  surroundings  increases  the  amount  of  CO,  excreted,  by 
:reasing   the  production   of  heat   {.Lieheruieister,   Gi/dermeister)^  while  the  O 
nsumed   is  also  increased  simultaneously ;  heating  the  surrounding  medium  di- 
minishes the  CO3  (§  127,  5). 

^b)  Tinkler  fnund,  from  experiments  upon  guinea  pigs,  that  the  production  of  heat  was  more  than 
^■Bbled  when  the  surrounding  (cmpcrolure  was  diminished  24"  C  The  metabolism  of  ihe  guinea 
pig  is  increa*eil  in  winter  23  p<?r  cent.,  as  compared  with  summer;  so  that  the  same  relation  obtains 
as  ill  the  case  of  a  diminution  of  the  surrounding  temperature  of  short  duration. 

C.  Ludwig  and  Sanders- E/n  found  that  in  a  rabbit  there  was  a  rapid  increase  in  the  amount  of 
CO,  jjiven  nfT,  when  the  surrounding*  were  cooled  from  3S''  to  6°  or  7°  C. ;  while  Ihe  excretion  was 
diroinlihed  when  the  surrounding  temperature  was  raised  from  ^°-f)°  to  J5*'-J7*',  so  that  ihc  thernial 
ttimulaiiun,  due  lo  ihe  temperature  of  ihc  surrounding  medium,  acted  upon  the  combustion  within 
tke  bocW.     Pfliiger  found  that  a  rabbit  which  was  dipped  in  cold  water  used  more  O  and  excreted 

^pif  the  cooling  action  was  so  great  as  to  reduce  the  bpiiily  temperature  lo  30°,  the  exchange  of 
ipues  diminished,  and  where  the  temperature  fell  to  20°,  the  exchange  of  gases  was  diminished  oae- 
balf.  It  is  to  be  rcmeml<red,  however,  that  the  excretion  of  CO,  does  not  go  hand  in  hand  with 
the  formation  of  CCJ^.so  that  the  increased  excretion  of  CO,  in  a  cold  hnth  is,|ierhnpf,due  10  more 
coiRpleic  expiration,  ant)  Bcrthclot  has  proved  that  the  formation  of  CC>,  is  not  a  certain  lest  of  the 
aniounl  nf  heat  produced.  If  mammals  he  placed  in  a  loarm  bath,  which  is  2"  to  3°  higher  than 
their  own  temperature,  the  excretion  of  COj  and  the  consumption  of  O  are  increased,  owing  to  the 

lutaiinn  of  their  metabolism  ( P/iH^er)^  whde  the  excretion  of  urea  is  ilso  increased  in  animals 

Vim/*)  and  in  man  {Sfhlrirh)  (|  x^^,  5). 
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(3)  Cold  acting  upon  the  skin  causes  involuntary  muscular  movcmencs 
(shivering,  rigors),  and  also  voluntary  movements,  both  of  which  produce  hcu. 

The  culd  excites  the  action  of  the  muscles,  which  is  connected  with  processes  uf  oxidiooQ 
(/^/i,Cf*)-  After  iraisoninK  with  curara.  which  paralyzes  voluntary  motion,  this  rr^uUlion  uf  ibc 
heat  falls  to  a  minimum  {Jiiihri^'^  iwti Zttnit)  [while  the  tx>(iily  icmpcraiure  rises  and  falU  *>iifa« 
rise  or  ^11  in  the  temperature  of  the  surrounding  medium]. 

(4)  Variations  in  the  temperature  of  the  surroundings  affect  the  appetite 

for  food  ;  in  winter,  and  in  cold  regions,  ttic  senhation  ol'  hunger  and  ihc  apit'tiie 
for  the  fats,  or  such  substances  as  yield  iniicli  heat  when  they  arr  oxidized,  art 
increased  ;  in  summer,  and  in  hot  climates,  Ibey  arc  diminished.  Thus  the  mean 
temperature  of  the  surroundings,  to  a  certain  extent,  determines  the  amouai  of 
the  heat-producing  substances  to  be  taken  in  the  food.  In  winter  the  amount  of 
ozone  in  the  air  is  greater,  and  thus  the  oxidizing  power  of  the  inspired  air  it 
increased. 

II.  Regulatory  Mechanisms  Governing  the  Excretion  of  Heat.— 
The  mean  amount  of  iicat  given  off  by  the  human  skin  m  twenty-four  hour^  b/  a 
man  weighing  82  kilos.,  is  2092  to  2592  calories,  /.  e.,  1.36  to  1.60  per  minute. 

(t)  Increased  temperature  causes  dilatation  of  the  cutaneous  vessels; 
the  skin  becomes  red,  congested,  and  soft;  it  contains  more  fluid:*,  so  that  it 
becomes  a  better  conductor  of  heat ;  the  epithelium  is  moistened,  and  sweat 
appears  upon  the  surface.  Thus  increased  excretion  of  heat  is  provided  u>r,  while 
the  eva|Kiration  of  the  sweat  also  abstracts  heat. 

The  amount  of  heat  nece«sar)'  to  convert  into  vapor  1  grm.  of  water  at  loo^  C.  is  equal  to  llut 
required  to  heal  10  gnns.  from  o**  to  53.67°  C.  The  sweat  as  secreted  is  at  the  leniperaiure  of  the 
bo<ly:  if  it  were  comptetcly  changed  into  vapor,it  would  require  the  heat  Dccessar)'  to  raise  tt  to  ihc 
boiling  point,  and  also  thai  necessary  lo  convert  it  into  vapor. 

Cold  causes  contraction  of  the  cutaneous  vessels ;  the  skin  becooiei 
pale,  less  soft,  poorer  in  juices,  and  collapsed  ;  the  cpiihelmm  becomes  dry.  and 
does  not  ixrrmit  fluids  to  pass  through  it  to  be  evaporated,  so  that  the  excretion  of 
heat  is  diminished.  The  excretion  of  fuat  from  the  periphery,  and  the  transveise 
thrrmai  conduction  through  the  skin,  are  diminished  by  the  contraction  of  the 
vessels  and  muscles  of  the  skin,  and  by  the  expulsion  of  the  well-conducting  blood 
from  the  cutaneous  and  subcutaneous  vessels.  The  cooling  of  the  body  is  very 
much  affected,  owing  to  the  diminution  of  the  cutaneous  blood  stream,  just  ax 
occurs  when  the  current  through  a  coil  or  worm  of  a  distillation  apparatus  is  greatly 
diminished  (  Wintirnitz).  If  the  blood  vessels  dilate,  the  temperature  of  the  surface 
of  the  body  rises,  the  difference  of  temperature  between  it  and  the  surrounding 
cooler  medium  is  increased,  and  thus  the  excretion  of  heat  is  increased.  Tooua 
has  shown  that  the  fibres  of  the  skin  are  so  arranged  anatomically,  that  the  tension 
of  the  fibres  produced  by  the  erector  pili  muscles  causes  a  diminution  in  the 
thickness  of  the  skin,  this  result  being  brought  about  at  the  expense  of  the  easily 
expelled  blood. 

Landois  and  Ilauschild  ligatured  the  arteries  alone,  or  the  arteriei  and  veins  (dogl.  f.^,.  Ibe 
axillary  artery  and  vein,  the  Crorah,  the  carotids  and  the  jugular  veins,  and  fisaiul  that  in  a  shon 
lime  the  temperature  rose  several  temh^  of  a  degree. 

By  the  systematic  application  of  stimuli,  e.g.,  cold  baths,  and  washing  with  cold  water. the 
muscles  nf  the  skin  and  its  bloo<'l  vessels  may  be  caused  to  contract,  and  become  so  vigoroos  and 
excitable  that,  when  cold  is  suddenly  applied  lo  the  body,  or  to  a  part  of  it,  the  excretion  nf  hen  is 
energetically  prevented,  so  that  cold  baths  and  washing  with  cold  water  are,  to  a  certain  exleol. 
"gymnastics  of  the  cutaneous  muscle*,"  which,  under  the  atwve  circumstances,  prcteci  the  body 
from  cold  {RosfHthnt,  du  Bois  Reymend'). 

(2)  Increased  temperature  causes  increased  heart  beats,  while 
diminished  temperature  diminishes  the  number  of  contractions  of  the 
heart  (§  58,  11,  a).  The  relatively  warm  blood  is  pumped  by  the  action  of  the 
heart  from  the  internal  organs  of  the  body  to  the  surface  of  the  skin,  where  it 
readily  gives  off  heat.     The  more  frequently  the  same  volume  of  blood  paaes 
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through  the  skin — twenty-seven  heart  beats  being  necessary  for  the  complete 
circuit  of  (he  blood — the  greater  will  be  the  amount  of  heat  given  off  and  con- 
versely. Hence,  the  frequency  of  the  heart  beat  is  in  direct  relation  to  the 
rapidity  of  cooling  {IVaifhtr).  In  very  hot  air  (over  ioo°  C.)  the  pulse  rose  to 
over  i6o  per  minute.  The  same  is  true  in  fever  (§  70,  3,  c).  Liebermcisier  gives 
the  following  numbers  with  reference  to  the  temperature  in  an  adult : — 


Pulse  belts,  per  min. 
Temperature  in  C.°  . 


78.6 — 91.2 — 99.S — 10S.5 — 1 10 — 137.5. 
37*— 38*— 39°—    AO^—Al"—    42**. 


(3)  Increased  Temperature  increases  the  Number  of  Respirations. 
— Under  ordinary  circumstances,  a  much  larger  volume  of  air  passes  through  the 
luDgs  when  it  is  warmed  almost  to  the  temperature  of  the  body.  Further,  a  cer- 
tain amount  of  watery  vapor  is  given  off  with  each  expiration,  which  must  be 
evaporated,  whereby  heat  is  abstracted.  Energetic  respiration  aids  the  circula- 
tion, so  that  respiration  acts  indirectly  in  the  same  way  as  (2).  According  to 
other  observers,  the  increased  consumption  of  O  favors  the  combustion  in  the 
body  (§  127.  S),  whereby  the  increased  respiration  must  act  in  producing  an 
amount  of  heat  greater  than  normal.  This  excess  is  more  than  compensated  by 
the  cooling  factors  above  mentioned.  Forced  respiration  produces  cooling,  even 
when   the  air  breathed  is  heated  to  54°  C,  and  saturated  with  watery  vapor. 

(4)  Covering  of  the  Body. — Animals  become  clothed  in  winter  with  a  winter 
fur  or  covering,  while  in  summer  their  covering  is  lighter,  so  that  the  excretion  of 
heat  in  surroundings  of  different  temperatures  is  thereby  rendered  more  constant. 
Many  animals  which  live  in  very  cold  air  or  water  (whale)  are  protected  from  too 
rapid  excretion  of  heat  by  a  thick  layer  of  fat  under  the  skin.  Man  provides  for 
a  similar  result  by  adopting  summer  and  winter  clothing. 

(5 )  The  position  of  the  body  is  also  important ;  pulling  the  parts  of  the  body 
together,  approximation  of  the  head  and  limbs,  keep  in  the  heat  ;  spreading  out 
the  limbs,  erection  of  the  hair^,  phiming  the  feathers,  allow  more  heat  to  be 
evolved.  If  a  rabbit  be  kept  exposed  to  the  air  with  its  legs  extended  for  three 
hours,  the  rectal  temperature  will  fall  from  39°  C.  to  37°  C.  Man  may  influence 
his  temperature  by  remaining  in  a  warm  or  cold  room — by  taking  hot  or  cold 
drinks,  hot  or  cold  baths — remaining  in  air  at  rest  or  air  in  motion,  e,  g.,  by  using 
a  fan. 

Stimulolion  of  the  cemril  end  of  a  sensory  nerve  (sciatic)  increases  the  sorface  temperalnre  and 
diminUhcs  the  inrernal  temperaiure  {Ostrtniminif,  Afitro/H>/sky), 

Clothing — Warm  Clothing  is  the  Equivalent  of  Food. — As  clothes  are  intended  to  keep  in 
heal  of  the  Iwdy,  and  heat  is  prcMiuccd  by  the  comljustion  and  oxidation  of  the  food,  we  may  say 
the  body  takes  in  heat  directly  in  the  food,  while  clothing  prevails  it  from  giving  off  too  much  heal. 
Sommer  clothes  wei(;h  3  to  4  kilos.,  and  winter  ones  6  to  7  kilos. 

In  connection  with  clothes,  the  following  considerations  are  of  importance  : — 

( 1 1  Thtir  iQpticity  for  (otuiuclum. — Those  nuhsiance*  which  conduct  heat  badly  keep  us  warmest. 
I-|are  ikin.  dntrn,  beaver  skin,  raw  silk,  tatfela,  sheep's  wool,  cotton  wool,  Hax,  spun  silk,  are  given 
in  order,  from  the  worst  tu  the  best  conductors,  (2)  The  capacity  far  radiation. — Coarse  materials 
radiate  more  heat  than  smooth,  but  color  has  no  effect.  {3)  kttatinn  to  the  sun's  rays. — Dark 
materials  absorb  more  heat  than  light  colored  ones.  (4)  Their  Aygrctcofic  6ro/vrfifj  are  iniportanl, 
whether  they  can  ab»orb  much  moisture  from  the  skin  and  gradually  give  it  off  by  evaporation,  or 
the  reverse.  Ttic  same  weight  of  wool  takes  up  twice  as  much  as  linen  ;  hence,  the  latter  ^ves  it 
off  in  evaporation  more  rapidly.  Klannel  next  ibc  skin  is  not  so  easily  moistened,  nor  does  it  so 
rapidly  become  cold  by  evaporation ;  hence  it  protects  against  the  action  of  cold.  15)  The/fr- 
meabHity  for  air  is  of  imftnrtancc,  but  does  not  stand  in  relation  with  the  hral  conducting  capacity. 
The  following  substances  are  arranged  in  order  from  the  most  to  the  least  [>ermeable — Baiinel,  buck- 
skm,  linen,  silk,  leather,  wax  cloth. 

315.  INCOME,  EXPENDITURE.  AND  BALANCE  OF  HEAT, 

— As  the  temperature  of  the  body  ts  maintained  within  narrow  limits,  the  amount 
of  heat  taken  in  must  balance  the  heat  given  off,  /.  /-,,  exactly  the  same  amount  of 
potential  energy  must  be  transformed  in  a  given  time  into  heat,  as  heat  is  given  off 
from  the  body. 
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An  adult  produces  as  much  heat  in  half  an  hour  as  will  raise  the  temperature  of 
his  body  i"  C.  If  no  heat  was  given  off,  the  body  would  become  very  hot  in  i 
short  time ;  it  would  reach  the  boiling  point  in  thirty-six  hours,  supposing  tbe 
production  of  heat  continued  uninterruptedly. 

The  following  arc  the  most  important  calculations  on  the  subject : — 

(A)  According  to  Helmboltz,  who  wns  the  6rst  to  estimate  numerically  the  amount  oT  hal 
produceil  by  a  man. 

(i)  Heat  Income. — (a)  A  healthy  adult,  weighing 8a  Icilos.,  expires  in  twenty- 
four  honrs  878.4  grms.  COj  {SchariiHg).     The  combuAJon  of  the 

C  therein  into  CO,  proihices 1,730,760  Cftl 

(A)  But  he  lakes  in  mnre  O  than  reappears  in  the  CO, ;  the  excess  is  used 
in  oxidation  procc5ses,  ^.  ^.,  for  the  formation  of  HjO,  by  union 
with  H,  so  that  13.615  grms.  H  will  \vt  oxidized  by  the  excess  of 
O,  which  gives 


3lg,6oottl. 

2,049.360  ol. 

=  »,73i.ooo  ciL 


(r)  About  35  per  cent,  of  the  heat  must  be  rcfcTTcd  to  sources  other  than 

comtiiistion  {Dulong),  so  that  the  loial 

2,732,000  calories  ore  actually  sufficient  to  raise  the  temperature  of  an 
adult  weighing  80  to  90  kilus.,  from   lo**  to  38  or  39**  C,  i.  r,  to  a 
normal  tempemlure. 
(2)  Heat  expenditure. — (a)  Heating  the  food  and  drink,  which  hove  a  mean 

temperature  of  12°  C.     70,157  cal 

[b)  Healing  the  air  respired  =  16,400  gmu.,  with  ao  initial  temperature  of 

20"  C.      70,032  cal 

ill'Aen  tht  iempfraturt  of  the  air  is  0°,  I4OP64  ca/.  :=  5-2  /rr  rtn/.) 

U)  Evaporation  of  656  grros.  water  by  the  lungs,  397.536  CttL 

({/)  'I'he  remainder  given  off  by  radiation  and  evaporation  of  water  by  the 
skin,  (77.5 /i-rr^fi/. /o) 

(B)  According  to  Dulong. — (i)  Heat  income. — Dulong,  and  after  him  Boussingaalt,  Liebi^ 
and  Dumas,  sout;hi  to  estimate  the  amount  of  heat  from  the  C  and  H  contained  in  the  food.  As 
we  know  that  the  combustion  of  i  gnn.  C  ^=  8040  heat  units,  and  1  grm.  If  =  34.460  heal  usiLs 
it  would  be  easy  to  determine  the  amount  of  heat  were  the  C  simply  ccraverted  into  CO.  and  the 
H  into  H,0.  But  Dulong  omitted  the  H  in  the  carbohydrates  {e. g-,  gn|>e  stigar  ■:^  C^H|,0()  •• 
producing  heot,  Iwciuse  the  H  vs,  already  combined  with  O,  or  nt  lea^l  is  the  proportion  in  whidh  it 
exists  in  water.  This  aKsmn]7tion  is  hypothetical,  for  tlte  atoms  of  C  in  a  carbohydrate  may  be  so 
firmly  united  to  the  other  atoms,  that  before  oxidation  can  take  place  their  relations  must  he  altere*!, 
so  thai  potential  enei^  is  med  up,  1.  *■.,  heat  mu-st  l»  rendered  latent ;  so  that  these  considentioM 
rendered  the  following  example  of  Oulong's  uicthod  j;ivcn  by  Vicrordt  very  prt»l>lemalical. 

An  adult  eats  in  twenty-four  hours,  120  grms.  proteids,  90  gnus,  fat  and  340  gnns,  slarcfa  (carbo 
hydrales).     These  contain  : — 

Gmu. 

Proteida 120  contain 

Fat 90        " 

Starch 330        " 


c. 

H. 

64.18  and 

8.60 

70.20    " 

10.36 

146.82    " 

.    . 

281.20  and 

18.86 

298      •• 

6-5 

251.4    and 

12.56 

The  arine  and  fxoes  contain  still  nnconsamed 

Remainder  to  be  burned 

As  I  grm.  C  ^8040  heat  units  and  I  grm.  H  ^=34,460  heat  untta,  we  have  the  ibltowii^  etio- 
lation : — 

351^    X    8>c>40  —  2,031.312  (from  combtLstion  of  C). 


13-56  X  34*460  =     432.818  ( 


H). 


Heat  uaEu. 


2,464,130  beat  units. 
(2)  Heat  expenditxire  : — 

I.  1900  grms.  are  excreted  daily  by  the  urine  and  Ccccs,  and 

they  are  25"  warmer  than  the  focxi 47i50O 

a.  1 3,000  grms.  air  are  heated  (from  12*  to  27**  C.)  (heat 

capacity  of  the  air  ^^  0.26) 84.500 

3.  330  K™»*-  water  are  evaporated  by  the  respiration  (i  gnn. 

^  582  heat  units) 193.060 

4.  660  grms.  water  are  evaporated  from  the  skin     .....        384,1  'O 

Tot.iI      708.180 

Remainder  radbted  and  conducted  from  the  skin 1,791,810 

Total  amoimt  of  heat  units  given  off  ... 2,500,000 


I.S 
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(C)  Heat  incooie.— Pranklaad  baraedthe  Tood  directlf  in  &  calorimeter, and  found  that  i  grm. 
of  the  following  substances  yielded — 

^^M         Albumin 499S  heat  units 

^H         Grape  sugar 3277 

^^         Ox  fat 9069 

The  albumin,  however,  is  only  oxidized  to  the  stage  of  urea,  henccihc  heat  units  of  urea  must  be 
deducted  from  4998.  which  gives  4263  heat  units  obtainable  from  i  grm.  albumin.    When  we  know 
the  number  of  grammes  consumed,  a  simple  niuliiplication  gives  the  number  of  heat  units. 
^^   The  heat  uniu  will  vary,  of  course,  with  the  nature  of  the  food.     J.  KanVc  gives  the  following : — 

^H  Witli  animal  diet 3,779,524  heat  units. 

^^ft  food  free  from  N 2,059.506 

^^m  mixed  diet 2,200,000 

^^«  during  hunger , 2,012,816        " 

I  3X6.  VARIATIONS  IN  HEAT    PRODUCTION.— According  to  Helmholu.  an  adult 

Weighing  82  kilos,  produces  2.732.000  calorics  in  twenty-four  hours, 

( I )  Influence  of  the  Body  Weight. — Accepting  the  above  number,  Inimermann  has  gi\'en  the 
following  formula  for  the  heat  pruductioa  in  livii^  tissues  : — 

I  s 

U"!   W  =  i/^>:    |/p 

(where  W  =  3.733,000;  P  =  8a  kilos.     {Vf :  »//'  =  I44,75J ;  fi  =  body  weight  of  the  person 
to  be  investigated,  and  iv  represents  the  heat  production  which  is  required). 

I  I 

'  It  is  highly  desirable  that  W:  y />^  (=  m)  was  ascertained  as  a  mean  from  a  Urge  number  of 

observations,  that  the  heat  production  for  any  body  weight/  would  be 

I  — 

j  (3)  Age  and  Sex. — The  heat  production  is  less  in  infancy  and  in  old  age,  and  it  is  less  in  pro. 

portion  in  the  female  tlun  in  the  male. 

(3)  Daily  Variation. — The  heat  production  shows  variations  in  twenty-four  hours  correi^ood- 
ing  with  the  temperature  of  the  body  i\  213,  4}. 

(4)  The  heat  production  is  greater  in  the  waking  condition,  during  physical  and  mental  excr- 
I      tiOD,  and  during  digestion,  tban  in  the  opposite  conditions. 

^ft  217.   RELATION  OF  HEAT    PRODUCTION  TO  WORK.— The 

^^>olcnlial  energy  supplied  to  the  body  may  be  transformed  into  heat  and  kinetic 
energy  (see  Introduction).  In  the  (Xissivc  condition,  almost  all  the  potet^lial 
energy  is  changed  into  heat  ;  the  workman,  however,  transforms  |}otential  energy 
into  work — mechanical  work — in  addition  to  heat.  These  two  may  be  com- 
pared by  using  an  equivalent  measurement,  thus  1  heat  unit  (energy  required  to 
nise  I  gramme  of  water  1°  C.)  =  425-5  gramme  metres. 

Relation  of  Heat  to  Work. — The  following  example  may  serve  to  illustrate  the  relation  between 
heat  production  and  the  pruductiun  of  work  :  Suppose  a  sinail  steam  engine  to  be  placed  within  a 
capacious  caloritneter.  and  a  cenain  quantity  of  coal  to  be  burned,  then  as  long  as  the  engine  does 
not  perform  any  mechanical  work,  heat  alone  is  produced  by  the  burning  of  the  coal.  Let  this 
amount  of  heal  l>e  estimated,  and  a  second  experiment  made  by  burninf;  the  some  amount  of  coal, 
but  allow  the  engine  to  do  a  certain  amount  of  work — say,  raise  a  weight — W  a  suitable  arrange- 
ment. This  woik  must,  of  Course,  be  accomplished  by  the  potential  energy  of  the  beating  material. 
At  the  end  of  this  experiment,  the  temperature  of  the  water  will  be  much  less  ttian  in  the  5rst  ex* 
pcrimcnt,  1.  /.,  fewer  heat  units  have  been  transferred  to  the  calorimeter  when  the  engine  was  heated 
than  when  it  did  no  work. 

C-omparativc  experiments  of  this  nature  have  shown  that  in  the  second  ex|>eriment  the  useful 
work  is  very  uearly  pruportiunal  to  the  decrease  of  the  heat  [Him).  In  good  steam  engines  only 
^,  and  in  the  very  tjest  ^,  of  the  potential  energy  is  changed  into  mechanical  energy,  while  \^  to 
^  passes  into  heat. 

Compare  this  with  what  happens  within  the  body :  A  roan  in  a  passive  con- 
dition  forms  from  the  potential  energy  of  the  food  between  3^  and  2^  mitlioa 
calorics.  The  work  done  by  a  workman  is  reckoned  at  300,000  kilugramme 
metres  (§  300). 

If  the  organism  were  entirely  similar  to  a  machine,  a  smaller  amount  of  heat, 
corresponding  to  the  work  done,  would  be  formed  in  the  body.  As  a  matter  of 
fact,  the  organism  produces  less  heal  from  the  same  amount  of  potential  energy 
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when  mechanical  work  is  done.  There  is  one  point  of  difference  between  a  work- 
man and  a  working  machine.  The  workman  consumes  much  more  potcntiil 
energy  in  the  same  time  than  a  passive  person  ;  much  more  transformed  in  hu 
body,  and  hence  the  increased  consumption  is  not  only  covered,  but  even  over- 
compensated.  Hence,  the  workman  is  warmer  than  the  passive  person,  owing  to 
the  increased  muscular  activity  (§  210,  i,  d).  Take  the  following  example :  Him 
(1858)  TtmdXutd  passivf,  and  absorbed  30  grm.  O  per  hour  in  a  calorimeter,  and 
produced  155  calories.  When  in  the  calorimeter  he  did  work  equal  to  37,450 
kilogramme  metres,  which  was  transferred  beyond  it;  he  absorbed  132  grm.  0, 
and  produced  only  251  calories. 

Id  estimatinf;  the  work  done,  we  must  include  only  the  heat  equivalent  of  the  work  tnnifemd 
beyond  the  body ;  lifting  weights,  pushing  anTihing.  throwing  a  weight,  and  lifting  the  body,  m 
examples.  In  ordinary  walking  there  is  no  Iosr  of  heat  (apart  from  overcoming  the  resbtuce  0I 
the  air);  when  descending  from  ■  height  there  may  be  iucreascd  warmth  of  the  body. 

The  organism  is  superior  to  a  machine  in  as  far  as  it  can,  from  the  same  srooont 
of  potential  energy,  produce  more  work  in  proportion  to  heat.  While  the  very 
best  steam  engine  gives  \  of  the  potential  energy  in  the  form  of  work,  and  \  as 
heat,  the  body  produces  \  as  work  and  \  as  heat.  Chemical  energy  can  never  do 
work  alone,  in  a  living  or  dead  motor,  without  heat  being  formed  at  the  same 
time. 

318.  ACCOMMODATION  FOR  VARYING  TEMPERATURES. 

— All  substances  which  possess  high  conductivity  for  heat,  when  brought  into  con- 
tact with  the  skin,  appear  to  be  very  much  colder  or  hotter  than  bad  conductors 
of  heat.  The  reason  of  this  is  that  these  bodies  abstract  far  more  heat,  or  con- 
duct more  heat  than  other  bodies.  Thus  the  water  of  a  cool  bath,  being  a  better 
conductor  of  heat,  is  always  thought  to  be  colder  than  air  at  the  same  tcropera- 
ture.     In  our  chmate  it  appears  to  us  that — 

Air,  at  18*  C.  is  moderately  warm;  Walcr,  at  l8°  C.  is  cold; 
•'    at  a5*-28°  C,  hot ;  "       from  180-29°  C,  cool ; 

•■    above  28^.  very  hot.  "  "     39°-35'*  C,  wonn : 

I  "  "    375°  and  above,  hoi. 

Warm  Media. — As  long  as  the  temperature  of  the  body  is  higher  than  that 
of  the  surrounding  medium,  heat  is  given  off,  and  that  the  more  rapidly  the 
belter  the  conductmg  power  of  the  surrounding  medium.  As  soon  as  the  tem- 
perature of  the  surrounding  medium  rises  higher  than  the  temperature  of  the 
body,  the  latter  absorbs  heat,  and  it  does  so  the  more  rapidly  the  better  the  con- 
ducting power  of  the  medium.  Hence,  hot  water  appears  to  be  wanner  than  air 
at  the  same  temperature.  A  person  may  remain  eight  minutes  in  a  bath  at  45'3° 
C.  (dangerous  to  life!);  the  hands  may  be  plunged  into  water  ai  50.5'^  C,  but 
not  at  51.65"  C,  while  at  60°  violent  pain  is  produced. 

A  person  may  remain  for  eight  minutes  in  hot  air  at  127°  C,  and  a  tempera- 
ture of  132**  C.  has  been  borne  for  ten  minutes  (TiUeti,  iy6j).  The  body  tem- 
perature rises  only  to  38.6"  or  38.9°  {^Fordyce^  Blagden^  ^774)-  This  depends 
upon  the  air  being  a  bad  conductor,  and  thus  it  gives  less  heat  to  the  body  than 
water  would  do.  Further,  and  what  is  more  important,  the  skin  becomes  covered 
with  sweat,  which  evaporates  and  abstracts  heat,  while  the  lungs  also  give  off  more 
watery  vapor.  The  enormously  increased  heart  beats — over  160 — and  the  diiatei 
blood  vesseiSy  enable  the  skin  to  obtain  an  ample  supply  of  blood  for  the  formaiion 
and  evaporation  of  sweat.  In  proportion  as  the  secretion  of  sweat  diminishes, 
the  body  beromcs  unable  to  endure  a  hot  atmosphere  ;  hence  it  is  that  in  air  cp»- 
taining  much  watery  vapor  a  person  cannot  endure  nearly  so  high  a  temperature  as 
in  dry  air,  so  that  heat  must  accumulate  in  the  body.  In  a  Turkish  vapor  bath 
of  53°  to  60°  C,  the  rectal  temperature  rises  to  40.7**  or  41.6*'  C.  {BarthtU, 
Jurgensen  Knshaf>er).  A  person  may  work  continuously  in  air  at  31°  C.  which 
is  almost  saturated  with  moisture  {Stapff), 
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If  a  person  be  placed  in  water  at  the  temperature  of  the  body,  the  normal 
temperature  rises  i°  C.  in  one  hour,  and  in  i}4  hours  about  2°  C.  {Liebet-nuisUr). 
A  gradual  increase  of  the  temperature  from  i^.G°  to  40.2*  C.  causes  the  axillary 
temperature  to  rise  to  39.0°  within  fifteen  minutes. 

Rabbits  placed  in  a  warm  box  at  36°  C.  acquire  a  coiiMant  temperature  of  43'*  C,  and  lose 
weight;  but  if  the  temperature  of  the  box  be  raised  1040°,  death  occun,  the  body  temperature 
rising  lo  45°  C,  [J.  Rcsfnthal). 

219.  STORAGE  OF  HEAT  IN  THE  BODY.-^As  the  uniform  tem- 
perature of  the  body,  under  normal  circumstances,  is  due  to  the  reciprocal  rela- 
tion between  the  amount  of  heat  produced  and  the  amount  given  off,  it  is  clear 
that  heat  must  be  stored  up  in  the  body  when  the  evolution  of  heat  is  diminished. 
The  skin  is  the  chief  organ  regulating  the  evolution  of  heat ;  when  it  and  its 
blood  vessels  contract  the  heat  evolved  is  diminished,  when  they  dilate  it  is  in- 
creased.    Heat  may  be  stored  up  when — 

{a)  The  stin  is  extensively  stimulated^  whereby  the  cutaneous  vessels  are  temporarily  contracted 
{R^krig).  {b)  Any  other  circumstances  preventing  heat  from  being  given  off  by  the  skin  ( (f<tn- 
iermiH).  (f)  When  the  T*(;j(?W(?/<?r  rni/r^  ij  fjrrt/^i/,  causing  all  the  blood  vessels  of  the  body — 
tliaae  of  the  skin  mcluded — to  contract.  This  seems  to  be  the  cause  of  the  nsc  of  temperature 
alter  the  transfusion  q{  blood  {Landois),  and  the  rise  of  temperature  after  the  tvddfn  removal  of 
ra>aur  from  the  body  seems  to  admit  of  a  similar  explanation  ;  as  the  inspissated  blood  occupies  less 
^xce,  and  the  contracted  vessels  of  the  skin  admit  less  blood,  (d )  When  the  circulation  in  the 
cutaneous  vessels  of  a  large  aren  is  mechanically  slowed,  or  when  the  smaller  vesvels  are  plugged 
by  the  injection  of  some  sticky  substance,  or  by  the  transfusion  of  foreign  blood,  the  temperaiure 
rises  (4  102).  Landois  fouud  that  lli^ature  of  both  carotids,  and  the  Axillary  and  crural  aileTica, 
caused  a  rise  of  i^  C.  within  two  hours. 

It  is  also  obvious  than  when  a  normal  amount  of  heat  is  given  off,  an  increased 
production  of  heat  must  raise  the  temperature.  The  rise  of  the  temperature  after 
muscular  or  mental  exertion,  and  during  digestion,  seems  lo  be  caused  in  this 
way.  The  rise  which  occurs  several  hours  after  a  cold  bath  is  probably  due  to  the 
reflex  excitement  of  the  skin  causing  an  increased  production  \jurgensen). 

When  the  temperature  of  the  body,  as  a  whole,  is  raised  6°  C.,  death  takes 
pUcc»  as  in  sunstroke.  It  seems  as  if  there  was  a  molecular  decomposition  of  the 
tissues  at  this  temperature;  while,  if  a  slightly  lower  temperature  be  kept  up  con- 
itnuousiy\  fatty  degeneration  of  many  tissues  occurs  {Litlen).  If  animals  which 
have  been  exposed  artificially  to  a  temperature  of  over  42°  to  44°  C.  be  transferred 
to  a  cooler  atmosphere,  their  temperature  becomes  subnormal  (36**  C.)  and  may 
remain  so  for  several  days. 

aao.  FEVER. — Cause. — Fever  consiiti  in  a  greatly  increased  tisme  meiaMirm  (especially  in 
Ihe  muscles — FmkUr,  Zunti),  wilh  simultaneous  intrease  of  the  temperature.  Of  course,  the 
mechADism  reguUtmg  the  balance  of  formation  and  expenditure  of  heat  is  disturbed.  During  fever 
Ihe  txKiy  IS  greatly  incapacitated  for  pcrf^^rming  mechanical  work.  It  is  evident,  therefore,  that  the 
large  amount  of  potential  energy  transfurmed  Is  almost  oil  converted  into  heat,  so  that  the  non- 
traJisformation  of  the  energj-  into  mechanical  work  is  another  important  factor. 

We  may  take  intermittent  fever  or  ague  as  a  type  of  fever,  in  which  violent  attacks  of  fever  of 
several  hours'  duration  alternate  with  periods  free  from  fcvcr.  This  enables  us  lo  analyse  the 
symptoms.     The  symptoms  of  fever  are: — 

^l|  Ibe  increfteed  temperature  of  the  body  (38°  to  yf  C.  alight;  from  39°  to  41°  C.  and 
upward,  severe).  The  hi^h  temjxrature  occurs  not  only  in  cases  where  the  skin  is  red,  and  has  a 
hcvi,  tmming  feeling  [calor  mordax),  but  even  during  the  ngor  or  the  shivering  ita4^c,  the  tempera- 
ture »  r>i»cd  \AhI.  de  Ham,  1760).  The  congested,  red  skin  is  a  good  conduLtur  of  heat,  while 
the  pale,  bloodless  skin  conducts  badly;  hence,  the  former  feels  hot  10  the  touch  {v.  BUrempruHg 
^-compare  \  3i3f. 

Ihe  following  table  in  "C  and  °F  indicates  generally  the  degree  of  fever:— 


95**  F.  ....  CoUapM. 

96.8  ,    .    .    .  Low. 

97.7  .    ,    .    .  Subnormal, 

98.6  ....  Normal. 


Sub*febrile. 


39°  C.  = 
395      = 


40 

40.5 

41 


02.2^ 
=  103. 1 
=  104 

—  104.9 
=  105.8 


Moderate  fever. 

High  fever. 

Hyperpyretic. 

J-inlayson.^ 
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(2)  The  increased  production  of  heat  (assumed  by  LAvoisier  and  Crawford^  a  protnt  bf 
cilonmeiric  obftervaiionti.  This  is,  in  small  pan,  due  to  the  increased  activity  of  ihc  ctrniUiK<a 
being  changed  into  heat  (}  206,  i,  a),  but  for  the  most  part  it  is  due  to  increased  combustion  «iihi3 
the  body. 

(31  The  increased  roeubolism  gives  rise  to  the  "  consnming  "  or  "Mrasting"  character  of  f?^' 
which  was  known  to  Hippocrates  and  Galen,  and,  tn  1852,  v.  Bftrensprung  asserted  thnt 
fvo-called  felinlc  symptoms  show  that  the  metabolism  is  increased."     The  increase  of  the  u-~ 
is  shown  in  the  increased  excreiion  0/  CO,  =;  70  to  80  per  cent,  {t/ydcn  and  /•rjHi"  ,  w^l^ 
more  O  is  oonsumc'l.  although  the  rc&piralory  quotient  rLmainn  the  same  [Zunts  ,iit'i  LiSfttftU). 
According  to  Dr.  Finklcr.  the  CO,  excreted  shows  greater  variations  than  the  O  consumed.    Tbe 
excretion  of  urea  is  increased  \  to  j.     In  dogs  suffering  from  septic  fever,  Naunyn  observed  tlw 
the  urea  began  to  increase   Ijefore  the  temperature  rose,  " pre-fehriU  rise"     Part  of  the  uiev 
however,  is  sometimes  retained  during  the  fever,  and  appears  after  the  fever  is  over,  *^*fttritiiai 
excretion    of   urea"    (A'omwj'w).     The    uric  acid  li  also    increased;    the    urine  frif^ent  (|   19)1 
derived  from  the  hcemoglobin,  may  be  increased  twenty  times,  while  the  excretion  of  fM*iM 
may  l>e  sevenfold. 

It  is  imponant  10  observe  that  the  oxidation  or  combustion  processes  within  the  body  of  the  (rvcr 
patient  are  greatly  increased  when  he  is  placed  in  a  warmer  atmosphere.  The  oxidation  proceaa 
in  fever,  however,  arc  also  increased  under  the  influence  of  cooler  surroundings  {\  214.  1,  2K  tM 
the  increase  of  the  oxidation  in  a  wann  medium  is  very  much  greater  than  in  the  cold  (/?.  f-tnklrr'). 
The  amount  of  CO,  in  the  blood  is  dimintshed,  but  not  at  once  after  the  onset  even  of  a  vcty  severe 
fever  {Geppert). 

(4)  The  diminished  excretion  of  heat  varies  in  dilTerent  stages  of  a  fever.  We  dtAtiiipudi 
several  ita^ei  in  a  fever — (n)  The  cold  stage,  when  the  loss  of  heat  is  greatly  (fiminished.  ovtof 
to  the  pale,  bloodless  skin,  but  at  the  same  time  the  heat  production  is  increased  j  %  to  a>£  times. 
TYix.  sudden  and  considerable  rise  of  the  temperature  during  this  stage  shows  that  the  dtniitibbed 
excretion  of  heat  is  not  the  only  cauK  of  the  rise  of  the  temperature.  \f>)  During  the  hot  atsf* 
the  heat  given  off  from  the  congested,  red  skin  m  greatly  increased,  but  at  the  same  lime  more  bcH 
is  produced.  Liebermeister  assumes  that  a  nse  of  1,2,  j,  4^  C,  corresponds  to  an  increased  pro- 
duction of  heat  i'f  6, 12, 18,  24  per  cent,  {c)  In  the  sweating  stage  the  excretion  oi  heat  throagb 
(he  red,  moist  skin  and  evaporation  are  greatest,  more  than  two  to  three  times  the  normal  {Lerden). 
The  heat  production  is  either  increased,  normal,  ur  subnormal,  so  that  under  these  cuiidiUuns  tbe 
temperature  may  also  be  subnormal  (36'  C.). 

(5}  The  heat -reflating  mechanism  is  injured.  A  warm  lemperaiurc  of  the  fiUTouodinfi 
rai-kcs  the  temperature  of  the  fever  patient  mure  thun  it  does  that  of  a  non-febrile  peraon.  TtM 
depression  of  the  heat  prtiduclion,  which  enables  normal  animals  to  maintain  thetr  normal  leatpen 
ture  in  a  warm  medium  {\  214),  ii  much  less  in  fever  (D.  ftnJ:ter>. 

The  accessory  phenomena  of  fever  are  very  imponant :  Increase  in  the  intensity  and  niin^>o 
of  ihe  heart  beats  (|  214,  II,  2)  and  respirations  (in  adults  40,  and  children  60  per  mtn.),  both  bemg 
compensator)'  phenomena  of  the  increased  temperature;  further,  diminished  digestive  activity  (|  1S6, 
D)  and  intestinal  movements;  disturbances  of  the  cerebral  activities;  of  secretion;  of  muOTtUf 
activity;  slower  excretion,  e,g.,  of  potassium  iodide  through  the  urine  {Bachrach^  Sckoiaty  lA 
severe  fever,  molecular  degeneration^  of  the  tissues  are  very  common. 

For  the  condition  of  the  blood  corpuscles  in  fever,  see  ^  10;  the  vascular  tension,  \  69:  tbr 
saliva.  I  146. 

Quinine,  the  must  important  febriruge,  causes  a  decrease  of  the  temperature  by  limiiiag  Ibc 
production  of  heat  [/.rwiiky,  /Unz,  Aaunyn,  Quincke,  .-trnttt  (J  213.  6).  Toxic  doses  of  the 
metallic  salts  act  in  the  same  way,  while  there  is  at  the  ^me  time  diminished  formation  of  CU, 
{Luchsinger). 

[Antipyretics  or  Febrifuges. — All  methods  which  diminish  abnormal  temperature  hekwg  to 
this  group.  As  t)ie  constant  temperature  of  the  body  depends  on  ( 1 1  the  amount  of  heat  prodacaaa, 
and  (a)  the  low  of  heat,  we  may  lower  the  temperature  either  in  the  one  way  or  the  other.  When 
cold  water  is  applied  to  the  body,  it  abstracts  heal,  /.  e.,  it  atfects  the  rcvults  of  fever,  so  thai  Lieber- 
meister calls  such  methods  antithermic.  But  those  remedies  which  diminish  the  actual  b«si 
production  arc  true  antipyretic.  In  practice,  however,  t>oth  methods  are  usually  em|doy«d,  and 
spoken  of  coMeciively  as  artiipyretics.] 

[Among  the  methods  which  are  used  to  abstract  heat  from  the  body  are  the  applicotioa  of  ooUer 
fluids,  such  as  the  cold  bath,  affusion,  douche,  spray,  ice,  or  cold  mixtures,  etc.  A  perv>n  sufSenog 
from  high  fever  requires  to  be  repeatedly  placed  m  a  cold  bath,  to  produce  any  permanent  redoc- 
tion  of  the  temperature.  Some  remedies  act  by  favoring  the  radiation  of  heat,  iry  dilating  (be 
cutaneous  vessels  (alcohol),  while  others  excite  the  sweat  glands — r.  /.,  are  sudorifiet — 10  thai  the 
water,  by  its  evaporation,  removes  some  heat.  Among  the  drugs  which  influence  tisMie  changes 
and  oxidation— and  thereby  lessen  heat  production— are  quinine,  salicylic  acid,  some  of  the  salicy- 
lates, digitalis  and  vcratriii.  Blood  letting  was  formerly  used  to  dimmish  abnormal  tenperaioni 
Among  the  newer  antipyretic  remedies  are  hydrochloraie  of  kairin  and  anlipyrin,  both  of  wbki 
belong  to  the  aromatic  group  (derivatives  of  benzol),  which  includes,  also,  many  of  uur 
antiseptics.] 
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«i.  ARTIFICIAL  INCREASE  OF  THE  BODILY  TEMPERA 
TURE, — If  mammals  arc  kept  constantly  in  air  at  40°  C,  the  excretion  of  heal 
from  the  l)ody  ceases,  so  that  the  heat  prtxluced  is  stored  up.  At  first,  the  tem- 
perature falls  somewhat  for  a  very  short  time  {Ohernii'r),  but  soon  a  decided 
increase  occurs.  The  respirations  and  pulse  are  increased,  while  the  latter  becomes 
irregular  and  weaker.  The  O  absorbed  and  CO^  given  off  are  diminished  after 
six  to  eight  hours  (////<•«),  and  death  occurs  after  great  fatigue,  feebleness,  spasms, 
secretion  of  saliva  and  loss  of  consciousness,  when  the  bodily  tem[>cralijre  has 
been  increased  4*^,  or,  at  most,  6^  C.  Death  does  not  take  place,  owing  to  rigidity 
of  the  muscles  j  for  the  coagulation  of  the  myosin  of  mammals'  muscles  occurs  at 
49"  to  50°  C.  ;  in  birds,  at  53°  C,  and  in  frogs,  at  40°  C.  If  mammals  are 
suddenly  placed  in  air  at  100°  C,  death  occurs  (in  15  to  20  min.)  very  rapidly, 
and  with  the  same  phenomena,  while  the  bodily  temperature  rises  4°  to  5**  C.  In 
rabbits,  the  body  weight  diminishes  i  grm.  per  min.  Birds  bear  a  high  tempera- 
lure  somewhat  longer ;  they  die  when  their  blood  reaches  48°  to  50°  C. 

Even  man  may  remain  for  some  time  in  air  at  100-110-132°  C.,  but  in  ten  to 
fifteen  minutes  there  is  danger  to  life.  The  skin  is  burning  to  the  touch,  and  red; 
a  copious  secretion  of  sweat  bursts  forth,  and  the  cutaneous  veins  are  fuller  and 
redder  (Crawford).  The  pulse  and  respirations  arc  greatly  accelerated.  Violent 
headache,  vertigo,  feebleness,  stui)efaction,  indicate  great  danger  to  life.  The 
rectal  temperature  is  only  1'  to  2°  C.  higher.  The  high  temperature  of  fever  may 
even  be  dangerous  to  human  life.  If  the  temperature  remains  for  any  length  of 
lime  at  42.5°  C,  death  is  almost  certain  to  occur.  Coagulation  of  the  blood  in  the 
arteries  is  said  to  occur  at  42.6°  C  i  Weikart).  If  the  artificial  heating  does  not 
produce  dcaih,  fatly  infiltration  and  degeneration  of  the  liver,  heart,  kidneys  and 
muscles  begin,  after  thirty-six  to  forty-eight  hours  (^Litfcn). 

Cold-blooded  Aniraals,  tf  placed  in  hot  air  or  wnrm  water,  soon  have  their  lempemturc  rabcd 
6*  10  to^  C.  Tilt?  Iiighrst  temperalurc  compatible  with  life  in  a  frog  muu  be  below  40°  C,  as  the 
Irog'ft  heart  ami  muMilcs  be^pn  to  coagulate  at  this  tetniterature.  Death  ii  preceded  by  a  stage 
rcsembliDg  death,  during  which  life  may  be  saved. 

Mnst  of  the  juicy  plants  die  in  hnlf  an  hour  in  air  at  52*^  C,  or  in  water  at  46°  C.  [Sacki). 
Dried  seedt  of  corn  niay  still  germinate  after  long  exposure  to  atr  at  130°  C.  I.ovrly-organize4l 
pUots,  such  as  algze,  may  live  in  water  at  60*  C.  {Hof/t-Seyier).  Several  bacteria  withstand  a 
boiling  temperature  (  Tyndaft,  Ckamdrrltimi). 

233,  EMPLOYMENT  OF  HEAT.— Action  of  Heat.— The  short,  but  not  intense,  action 
of  heat  on  the  surface  cauties,  in  the  first  place,  a  tran&ient  slight  decrease  of  the  bodily  tempcmture, 
partly  liecai»c  it  reianli  retlexly  the  production  of  heai  {A'erni^),  and  partly  becaui^e,  owing  10  the 
dtlatatiun  uf  the  cutaneous  vessels  and  the  stretching  of  the  skin,  more  heat  is  given  off  ySenaior). 
A  warm  bath  at»ove  the  temperature  of  the  blood  at  once  increases  the  bodily  temiwrnture. 

Therapeutic  Ubcb. — The  application  of  heat  to  (he  entire  body  is  used  where  the  bodily  tem- 
perature has  fallen  — or  is  likely  to  fall — very  low,  as  in  the  algid  stage  of  cholera,  and  in  infants 
bom  prematurely.  The  ^'^/f^rfi/ application  of  heat  is  obtained  by  the  use  of  warm  bath^  packing, 
npor  baths,  and  the  copious  use  of  hm  drinks,  lite  heal  application  of  heat  is  oUained  by  the  use 
of  warm  wrappings,  partial  batbs,  plunging  the  p.'ins  in  warm  earth  or  sand,  or  placing  wounded 
pans  in  chan>bers  filled  with  heated  air  After  removal  of  the  heating  agent,  care  mutt  be  taken  to 
pnveni  the  great  escape  of  beat  due  to  the  dilatation  of  the  blood  vessels. 

n3.  INCREASE  OF  TEMPERATURE  POST-MORTEM.— Phenomena.— Heiden- 

kajn  found  that  in  a  dead  dog,  befure  the  body  cooled,  there  was  a  constant  temporary  rise  of  the 
tenperalDre,  which  slightly  exceeded  the  normal.  The  same  observation  had  been  occa-tionnlly 
made  on  human  bodies  immediately  after  their  death,  espccinily  when  death  was  preceded  by  mus- 
cnlar  ipasms  [also  in  yellow  fever.]  Thus.  Wunderlich  measured  the  temperature  fifty-seven  min- 
Btes  after  death  in  a  case  of  tetanus,  and  found  it  to  be  45.375°  C. 

Causes. —  ( t)  A  trm^rary  increaseJ  production  of  heat  after  death,  due,  chiefly,  to  the  change 
of  ibe  temi-solid  myosin  of  the  mu&cles  into  a  solid  form  (rigor  mortis).  As  the  muscle  coagulates, 
heat  is  produced  (v.  tl'atAer,  Fick).  All  conditioQg  which  cattse  rapid  and  intense  coagulation  of 
Ibe  mu.<<les — r.^.,  spasms — favor  jn  post-mortem  rise  of  temperature  (sec  $295);  a  rapid  coagulation 
of  (he  bliM^id  ha<i  a  simitar  result  {\  28,  5). 

(a)  Immediately  after  death,  a  series  of  chemical  processes  occur  within  the  body,  whereby  beat 
is  produced.  Valentin  placed  dead  rabbits  in  a  chamber,  so  that  no  heat  could  be  given  off  from 
the  body,  and  he  foand  that  the  internal  temperature  of  the  animal's  body  was  increased.    The 
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processes  which  cnusc  a  mc  of  temperature  foitmorttm  are  more  active  daring  the  &rst  ihu  iW 
second  hour ;  and  the  higher  the  temperature  at  the  roument  of  death,  the  grentcr  ii  the  afDOsat  of 
heat  evolved  after  death  (Quintke  and  firiet^er). 

(3)  Another  cause  is  the  diminiihtd  e.tcrftion  of  heat  post  morUm.  After  the  drcalotion  a 
abolished,  within  a  few  minutes  httlc  heat  is  |>tvcu  off  from  the  surface  of  the  body,  as  rapid  acc- 
lion  implies  that  the  cuianeous  vessels  roust  be  coniinuallf  Hlleil  with  warm  blood. 

324.  ACTION  OF  COLD  ON  THE  BODY.— Phenomena.— A  shon. 
temporary,  slight  cooling  of  the  skin  (removing  one's  clothes  in  a  cool  room,  a 
cool  bath  for  a  short  time,  or  a  cool  douche)  catises  either  no  change  or  a  sHght 
rise  in  the  bodily  temperature  {Licbermeisler).  The  slight  rise,  when  it  occurs,  is 
due  to  the  stimulation  of  the  skin  causing  retlexly  a  more  rapid  molecular  trans- 
formation, and  therefore  a  greater  production  of  heat  {LiebentuisUr\^  while  the 
amount  of  heat  given  off  is  diminished,  owing  to  contraction  of  the  small  cuta- 
neous vessels  and  the  skin  itself  {Jurgensen^  Senaior).  The  continuous  and 
intense  application  of  cold  causes  a  decrease  of  the  temperature  (Cum'f),  chiefly 
by  conduction,  notwithstanding  that  at  the  same  time  there  is  a  greater  produc- 
tion of  heat.     After  a  cold  bath  the  temperature  may  be  34°,  32**,  and  even  jo®  C. 

As  an  after-effect  of  the  great  abstraction  of  heat,  the  temperature  of  ihe 
body  after  a  time  remains  lower  than  it  was  before  {"pn'man'  afier-eff€<t**—' 
Liebetmeister)  ;  thus  after  an  hour  it  was  —  0.22°  C.  in  the  rectum.  There  isi 
**secoH4iary  after-effect^^  which  occurs  after  the  first  after-effect  is  over,  when  the 
temfjerature  rises  { Jurgensen).  This  effect  begins  five  to  eight  hours  after  a  cold 
bath,  and  is  e(|ual  to  -^  0.2°  C  in  the  rectum.  Hoppe-Scyler  found  that  sonw 
time  after  the  application  of  heat  there  was  a  corresponding  lowering  of  the  lem- 
perattire. 

Taking  Cold. — If  a  rabbit  be  taken  from  a  surrounding  temperature  of  35°  C.and  saddcaly 
cooled,  it  shivers,  and  there  may  t«  temporary  diarrhfra.  ATter  two  day«  the  temperature  riws  1,5' 
C,  and  albuminuria  occurs.  There  are  microscopic  traccsof  intersliltal  inHammation  in  the  k»dne>r, 
liver,  lungs,  heart  and  nerve  sheaths,  the  dilated  arteries  of  the  liver  and  lung  contain  thrombi,  and 
in  the  neighborhood  of  the  veiDK  are  accumulations  of  leucocytes.  In  pregnant  animals  the  fu'ltu 
thews  the  same  conditions  ( Lastar).  Perhaps  the  greatly  cooled  blood  acts  as  an  irritant,  cauing 
inHammation  { /^osfnlAal). 

Action  of  Frost. — The  continued  application  of  a  high  degree  of  cold  causes  at  first  comraC- 
lion  of  the  bloo^t  vcsbcls  of  the  skin  and  its  muscles,  so  thai  it  becomes  pale.  If  continued  pantljr- 
sis  of  the  cutaneous  vcs«eh  occurs,  ihe  skin  t>ccnme&  rc<I,  owing  to  congei>iion  of  its  vcfiMrls,  Asthe 
passage  of  fluids  through  the  capitlaries  i&  rendered  more  difficult  by  the  cold,  the  blood  stagnates, 
and  the  skin  assumes  a  Ihrid  appforiitKty  as  the  O  is  almost  completely  used  up.  Thu<.  the  pen- 
pheral  circulation  is  slowed.  If  the  action  of  the  cold  be  &till  more  intense,  the  peripheral  cucula- 
lion  stops  completely,  especially  in  the  thinnest  and  most  exposed  organs — can,  Dose,  toe*  ud 
6ngers.  The  sensory  nerves  are  paralyzed,  so  that  there  is  numbness  and  loss  of  sensibnity.  uhI 
the  parts  may  even  be  frozen  through  and  through.  As  rhe  slowing  of  the  circulatiofl  in  the 
super^cial  vessels  gradually  affects  other  areas  of  the  circulation,  the  pulmonary  circulatkn  is 
enfeebles),  and  diminished  oxidation  of  the  bltjod  occurs,  notwithstanding  the  greater  omouni  of  0 
in  the  cold  air,  so  that  the  ntrvt  centres  are  affected.  Hence  arise  great  dislike  In  making  move* 
ments  or  any  muscular  effort,  a  painful  sensation  of  fatigue,  a  peculiar  and  almost  irresistible  desire 
10  sleep,  cerebral  inactivity,  blunting  of  the  sense  organs,  and  lastly,  coma.  The  blood  frceTei  n 
— 3.9**  C,  while  the  juices  of  the  superficial  parts  freeze  sooner.  Too  rapid  movements  ol  the 
frost-bitten  parts  ought  to  be  avoided.  Rubbing  with  snow,  and  the  very  gradual  applicabon  of 
heat,  produce  the  hc^t  results.  Partial  death  of  a  part  i5  not  unfrcquently  produced  by  the  pm- 
longed  action  of  cold. 

225-  ARTIFICIAL   LOWERING   OF   THE   TEMPERATURE. 

— Phenomena. —  The  artificial  cooling  ol  wann-blooded  animals,  by  placing 
them  in  cold  air  or  in  a  freezing  mixture,  gives  rise  to  a  series  of  characteristic 
phenomena  {^A.  Walther).  If  the  animals  (rabbits)  are  cooled  so  that  the  tem- 
perature (rectum)  falls  to  18°,  they  suffer  great  depression,  without,  however,  the 
voluntary  or  reflex  movements  being  abolished.  The  pulse  falls  from  100  or  150 
to  20  beats  i^er  minute,  and  the  blood  pressure  falls  to  several  millimetres  of  Hg. 
The  respirations  are  few  and  shallow.  Suff^ocation  does  not  cause  spasms  (/A/r- 
vath)t  the  secretion  of  urine  8topS|  and  the  liver  is  congested.     The  animal  may 
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lain  for  twelve  hours  in  this  condition,  and  when  the  muscles  and  nerves  show 
_  jns  of  paralysis,  coagulation  of  the  blood  occurs  after  numerous  blood  cor- 
puscles have  been  destroyed.  The  retina  becomes  pale,  and  death  occurs  with 
spasms  and  the  signs  of  asphyxia.  If  the  bodily  temperature  be  reduced  to  17° 
and  under,  the  voluntary  movements  cease  before  the  reflex  acts  (Ru/ut  and Ron- 
tieau).  An  animal  cooled  to  t8°  C,  and  left  to  itself,  at  the  same  temi)erature  of 
the  surroundings,  does  not  recover  of  itself,  but  if  artificial  respiration  be 
employed,  the  temperature  rises  10°  C.  If  this  be  combined  with  the  application 
of  external  warmth,  the  animals  may  recover  completely,  even  when  they  have 
been  apparently  dead  for  forty  minutes.  Walthcr  cooled  adult  animals  to  9"  C, 
and  recovered  them  by  artificial  respiration  and  external  wannth  ;  while  Horvath 
cooled  jivw/^  animals  to  5**  C.  Mammals  which  are  born  blind,  and  birds  which 
come  out  of  the  egg  devoid  of  feathers,  cool  more  rapidly  than  others.  Mor- 
phia, and  more  so,  alcohol,  accelerate  the  cooling  of  mammals,  at  the  same 
time  the  exchange  of  gases  falls  considerably  (^Rumpf)  ;  hence,  drunken  men  are 
more  liable  to  die  when  exposed  to  cold. 

Artificial  Cold-blooded  Condition. — CI.  Bernard  made  the  important 
observation,  that  the  muscles  of  animals  that  had  been  cooled  remained  irritable 
for  a  long  time,  both  to  direct  stimuli  and  to  stimuli  applied  to  their  nerves; 
and  the  same  is  the  case  when  the  animals  are  asphyxiated  for  want  of  O.  An 
**  artificiai  coldbhodtd  condition^'*  i.  f.,  a  condition  in  which  warm-blooded 
animaU  have  a  lower  temperature,  and  retain  muscular  and  nervous  excitability 
(C/.  Bernard ),  may  also  be  caused  in  warm-blooded  animals,  by  dividing  the  cer- 
vical spinal  cord  and  keeping  up  artificial  respiration  ;  further,  by  moistening  the 
peritoneum  with  a  cool  solution  of  common  salt  (  Wegtter). 

Hybernation  pre<«nts  a  series  of  similar  phenomena.  Valentin  found  that  hibernating  animals 
become  half  awake  when  their  bodily  temperature  is  38°  C. ;  at  iS°  C  ihey  are  in  a  »umnoleni 
coDdieion,  at  6"  Ihcy  arc  ia  a  gentle  sleep,  and  at  1.6*  C.  io  a  deep  sleep.  The  heart  beats  and  the 
bliKid  preiiurc  fall, the  former  to  8  10  10  per  minute.  The  respiratory,  urinary  and  intestinal  move- 
ments cease  Completely,  and  the  card  10 -pneumatic  movement  alone  sustains  the  slight  cxcharrjje  of 
gases  in  the  lungs  i\  59).  They  cannot  endure  cuuUrif;  to  0°  C,  and  awake  before  the  icmpcra- 
lure  falU  so  low.  Hybemating  animals  may  tie  cooled  to  a  greater  degree  than  other  mammals; 
Ihey  give  off  heat  rapidly,  and  they  become  warm  again  rapidly,  and  even  spontanrotisly.  New- 
bora  mammals  resemble  hybeinatiii||;  animals  more  closely  in  this  respect  than  do  adults. 

Cold-blooded  AnimalB  may  be  cooled  to  0°.  Even  when  the  blood  has  been  frozen  and  ice 
formed  in  the  lymph  of  the  peritoneal  cavity,  frogs  may  recover.  In  ibis  condition  they  appear  to 
be  dead,  but  when  placed  in  a  warm  medium  they  soon  recover.  A  frog's  muscle  so  cooled  will 
contract  again  {Kuknt).  The  germs  and  ova  of  lower  animals,  e.g.y  insects'  eggs,  sur\ive  con- 
tinual frust ;  and  if  tbc  cold  be  moderate,  it  merely  ri:tard5  development.  Ractenn,  e.g..  Bacillus 
anthracis, survive  a  temperature  of —  130°  C.  [Pictet  and  Youn^;);  yeast, even  —  100°  C.  {h'risih). 

Vamiabing  the  Skin  causes  a  series  of  similar  phenomena.  The  varnished  skin  gives  off  a 
large  amount  of  heat  by  radiation  [  AW^^rJ.and  sometimes  the  cutaneous  vessels  are  greatly  dilated 
{i^t(kininisck\.  Hence  the  animaU  cool  rapidly  and  die,  altlmugh  the  consumption  of  O  is  not 
diminished.  If  cooling  be  prevented  ( yaUntm,  Schiff,  Brunton)  by  wanning  them  and  keeping 
them  ia  warm  wool,  the  animaU  live  for  a  longer  time.  The  blood  posf-mortem  dors  not  contain 
any  poiionoQs  substances,  nor  even  are  any  materials  retained  in  the  blnod  which  can  cause  death, 
for  if  the  blood  be  injected  into  other  animals,  these  remain  healthy.  Varnishing  the  human  skin 
does  not  secD)  to  be  dangerous  [Semaior). 

136.  EMPLOYMENT  OP  COLD.— Cold  may  be  applied  to  the  whole  or  part  of  the  sur- 
face of  the  body  in  the  following  conditions:  — 

{a)  By  placing  the  body  for  a  lime  in  a  cold  bath,  to  abstract  as  much  heat  as  possible,  %vhen  the 
bodily  temperature  in  fever  rises  so  high  as  to  be  dangcmus  io  life.  This  result  is  best  accomplished 
and  lasts  longest  when  the  bath  U  grar1uo]ly  coolol  from  a.  moderate  temperature.  If  the  body  be 
placed  at  once  in  cold  wutcr,  the  cutaneous  vessels  contract,  the  skin  becomes  blocMlles^.  and  thus 
oUlacles  are  placed  in  the  way  of  the  excretion  of  heat.  A  bath  gradually  cooled  in  this  way  is 
borne  longer  [v.  Ziemism).  The  addition  of  stimalating  substances,  e.g.,  salts,  which  cause  dila- 
ttUun  of  the  cutaneous  vessels,  facilitates  the  secretion  of  heat ;  even  sah  water  conducta  heat  belter. 
^Ejilcohol  \jt  given  internally  at  the  same  time,  it  lowers  the  tem{»erature. 

^Bi)  Cold  may  be  applied  locally  by  means  of  ice  in  a  bag,  which  causes  contraction  of  the 
^Qbncoui  vcsaela  and  contraction  of  the  tissues  (as  in  inflammation),  while  at  the  same  lime  heat 
ti  abstTKted  locally. 
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(r)  Heal  may  h«  alirtracted  locally  tiy  the  rapid  evaporation  of  vnlatile  substances  (ether,  at 
bon  disulphide ),  which  causes  numbness  of  the  sensor}'  nerves,  The  introduction  of  mciliA  of  low 
temperature  into  ihc  bcdy,  respiring  cool  air,  taking  coKl  drinks,  and  the  injection  of  coU!  flutiii 
into  the  intexttne  act  locally,  and  also  produce  a  more  (rcneral  action.  In  applying  cold  it  ii  tn- 
portant  to  notice  that  the  initial  contraction  of  the  ve&sels  and  the  contraction  of  the  liBQci  m 
followed  l<y  a  [greater  dilatation  snd  turgescencc,  i.f.,  by  a  healthy  reaction. 

337.  HEAT  OF  INFLAMED  PARTS.— "Calor."  or  heat,  is  reckoned  one  ortliebiwU- 
mental  phenntnenn  of  innammaiion.  in  nddiiion  tn  nilK>r  (rednesa).  tumor  (Bwclling),  and  dokt 
(pain).  But  the  apparent  increase  in  the  heat  of  the  inflamed  pans  is  not  above  the  lempeniaicof 
the  blood.  Simon,  in  i860.  a5settc<l  that  the  arterial  blood  Howin^  to  an  inflamed  part  was  cooler 
than  the  part  it«clf ;  hut  v.  liftrcnsprung  denies  this,  as  J.  Hunter  did,  and  so  does  jacobson,  Ben- 
hardt,  and  Laudien.  The  outer  parts  of  the  sktn  in  an  inflamed  part  are  warmer  than  usual,  owtni; 
to  the  dilatation  of  the  vessels  (rubor)  and  the  consequent  acceleration  of  the  l)loo<l  stream  io  tiie 
inflamed  part. and  owing  to  the  swelling  (tumor)  from  the  presence  of  (^ood  heat-conducting  fluids; 
but  the  heat  is  not  greater  than  the  heal  of  the  blood.  It  is  not  proved  tliat  an  increased  aioottoi 
of  heat  is  produced  owing  to  increa5ed  molecular  decompositions  within  an  inflamed  {>art. 

338.  HISTORICAL  AND  COMPARATIVE.— According  to  Aristotle,  the  bean  prepim 
the  heat  within  itself,  and  sends  it  along  with  the  blood  to  all  parts  of  the  body.  Thia  docthne 
prevailed  in  (he  ttme  of  Kipmcrates  and  Cialcn,  and  occur*  even  in  Carte&ius  and  Bafllioli&in 
(1667,  "flammiila  cordis").  The  iatro  mechanical  school  {BtvrAturve,  i'a«5»/>/<^)  ascribed  the 
beat  to  the  friction  of  the  blood  on  the  walls  of  the  vessels.  The  iatrochemical  achool,  on  the 
other  hand,  sought  the  source  of  heat  in  the  fermentations  that  arose  from  the  pas&age  of  the  ab- 
sorbed substances  into  the  blood  (tw«  Helmont^  Syhiui,  ErtmuiUr),  Lavobier  (1777)  was  llie 
first  to  ascribe  the  heat  lo  the  combustion  of  carbon  tn  the  lang^. 

After  the  construaion  of  t)te  thermometer  by  Galileo,  SanctoHus  (1636)  made  the  firat  thcf' 
mometric  obscr\'ations  on  sick  {persons,  while  the  first  <a{orimttrU  observations  were  made  by 
Lavoisier  and  Laplace. 

Comparative  obaervalions  are  g:iveD  at  \  207,  and  also  under  Hybernation  {\  225). 
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By  the  term  metabolism  are  meant  all  those  phenomena,  whereby  all — even 
the  most  lowly — living  organisms  are  capable  of  incorporating  the  substances 
obtained  from  their  food  into  their  tissues,  and  making  them  an  integral  part  of 
their  own  bodies.  This  part  of  the  process  is  known  as  assimilation.  Further, 
the  organism  in  virtue  of  its  metabolism  forms  a  store  of  potential  energy,  which 
it  can  transform  into  kinetic  cfutgy^  and  which,  in  the  higher  animals  at  least, 
appears  most  obvious  in  the  form  of  muscular  work  and  heat.  The  changes  of 
the  constituents  of  the  tissues,  by  which  these  transformations  of  the  poten- 
tial energy  are  accom|>anied,  result  in  the  formation  of  excretory  products, 
which  is  another  [>art  of  the  process  of  metabolism.  The  normal  metabolism 
requires  the  supply  of  food  quantitatively  and  qualitatively  of  the  proper  kind, 
the  laying  up  of  this  food  within  the  body,  a  regular  chemical  transformation  of 
the  tissues,  and  the  preparation  of  the  effete  products  which  have  to  be  given  out 
through  the  excretory  organs.  [Synthetic  or  constructive  metabolism  is  spoken  of  as 
Anabolic,  and  destructive  or  analytical  metabolism  as  Katabolic  metabolism,] 

429.  THE  MOST  IMPORTANT  SUBSTANCES  USED  AS 
FOOD. — Water. — When  we  remember  that  58. 5  per  cent,  of  the  body  con- 
sists of  water,  that  water  is  being  continually  given  off  by  the  urine  and  faeces,  as  well 
as  through  the  skin  and  lungs,  that  the  processes  of  digestion  and  absorption 
require  water  for  the  solution  of  most  of  the  substances  used  as  food,  and  that 
numerous  substances  excreted  from  the  body  require  water  for  their  solution,  e.g,^ 
m  the  urme,  the  great  importance  of  water  and  its  continual  renewal  within  the 
organism  are  at  once  apparent.  As  put  by  Hoppe-Seyler,  all  organisms  live  in 
water,  and  even  in  running  water,  a  saying  which  ranks  with  the  old  saying — 
"  Corpora  non  agunt  nisi  fluida." 

Water — as  far  as  it  \\  not  a  constituent  of  all  fluid  foods — ocean  in  different  forms  ai  drink  :  (1) 

Rsin  water,  which  most  closely  resembles  distilled  or  chemically  pure  water,  always  contains 

minute  qu.in(ities  of  CO,,  N'Mj,  nitmus  and   nitric  acids.     (2^  Spring   water  usually  contains 

inch  mineral  substance.     It  is  formed  from  the  deposition  of  watery  vapor  or  ram  from  the  air, 

rhich  pcrmcitcs  the  soil,  containing  much  CO,-,  the  CO,  is  dissolved  by  the  water,  and  aids  in 

''dUsolvm^  the  alkalies,  alkaline  earths  and  metals  which  appear  in  solution  as  bicarl^xtnaics,  ^^.,  of 

lime  Of  iron  oxide.     The   water  is  removed  from  the  spring  by  proper  mechanical  anpliances,  or  it 

bulibles  up  on  the  furfacc  in  the  form  of  a  "spring."     (3)  The  runninif  water  of  nvcrs  usually 

mtains  much  less  mineral  matter  than  spring  water.     Spring  water  floating  on  the  surface  rapidly 

Ives  olf  its  CO,,  whereby  many  substances — <^..  lime — are  thrown  out  of  solution  and  deposited 

u  insoluble  precipitate*. 

Gates.  ^Spring  water  conuinx  little  O,  but  much  CO,,  the  latter  giving  to  it  its  fresh  taste. 
Hence,  vegetable  organisms  fluurisli  in  spring  water,  while  animals  requiring,  as  th«y  do,  much  O, 
are  but  poorly  TCpresented  in  such  water.  Water  flowing  freely  gives  up  CO,,  and  abwrbs  O  from 
the  air,  and  thus  affords  the  necessary  conditions  (or  the  existence  of  tishes  and  other  marine  ani- 
mals. River  water  contains  j*g  to  ^  of  its  volume  of  absorbed  gases,  which  may  be  expelled  by 
boiling  or  fiee/ing. 

Drinking  water  is  chicHy  obtained  from  springs.  River  water,  if  used  for  this  purpo^se,  roust  be 
filtered,  to  get  nd  uf  mechanically  sutipcnded  impurities.  For  household  purposes  a  charcoal  filter 
may  t>e  used,  as  the  charcoal  acts  as  a  disinrectam.  Alum  has  a  remarkable  ftClloo;  if  oxxx)!  per 
cent.  \¥i  added,  il  makes  turbid  water  clear. 

Investigation  of  Drinking  Water. — Drinking  water,  even  in  a  thick  layer, 
ight  to  be  completely  (ohrUss^  not  turbid i  and  without  odor.     Any  odor  is  best 
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recognized  by  heating  it  to  50**  C. ,  and  adding  a  little  caustic  soda.     It  ought  no: 
to  be  too  hard,  i.e.,  it  ought  not  to  contain  too  much  lime  (and  magnesia)  saJis. 

By  the  term  "  degree  of  hardness  "  of  a  water  is  meant  the  unit  amount  of  lime  (and  nu^. 
sift)  in  lOO.ooQ  fmrts  of  water  ;  a  water  of  30  dej;rees  uf  hardness  contains  20  pana  uf  Itmc  |cil- 
cjtim  oxide)  combined  with  CU^,  sulp})uric  or  hydrochloric  aads  ((he  kmall  aniouiil  of  magncMi 
may  Ijc  neglected).  A  gooit  drinking  waler  ouf^ht  not  to  exited  jo  degrees  of  Aarduas.  The 
hardne&s  is  determined  by  titmling  the  water  witli  a  standard  soap  solution,  the  rcsuU  being  (be  (uf- 
mation  of  a  scum  of  lime  soap  on  the  surface.  The  hardness  of  unboiied  water  i»  called  iltJMt/ 
hardness,  wliilc  that  of  boiled  woier  is  called  permanent  hardneBs.  Boiling  dnvcs  off  the  CO^ 
and  precipitates  the  calcium  carbonate,  su  that  the  water  at  the  some  time  becomes  softer. 

The  presence  of  aulptauric  acid,  or  sulphates,  is  determined  by  the  water  becoming  inrbiil  on 
addinjT  a  M>lution  of  barium  chloride  and  h^'druchloric  acid. 

Chlorine  occurs  in  small  amount  in  pure  <;[iriiig  water,  but  when  it  occurt  there  in  large  amowit 
— apan  from  its  being  denvcd  Irom  ^allne  >pntig»,  near  the  sea  or  manufactoriet — we  may  c<incllld« 
that  the  water  is  contaminated  from  water  closets  or  dunghills,  so  that  the  estimation  of  cbluniK 
is  of  importance.  For  this  (mrpose  use  a  solution  (A)  of  17  grms.  of  crystallized  silver  nitrate  ia  I 
litre  of  distilled  water;  i  cubic  centimdre  of  this  solution  precipitaien  3.55  milligrammes  of  chlor- 
ine as  silver  chloiide.  U»e  aUo  (H)  a  cold  saturated  solution  of  neutral  potassium  chromate.  Take 
50  cubic  centimetres  of  the  water  to  be  investigated^  and  place  it  in  a  beaker,  atid  to  it  3  to  3  drofa 
uf  B,  and  billow  the  fluid  A  to  run  into  it  from  a  burette  until  the  white  precipitate  first  fonDcd 
remaim  red,  even  after  the  fluid  has  been  stirred.  Multiply  the  number  of  cubic  centimetres  of  A 
used  by  7.1,  and  this  will  give  ihe  amount  of  chlorine  in  100,000  parts  of  the  water.  Example— 
50  c.cmlr.  re<|uires  3.9  c.ctntr.  of  the  silver  solution,  so  that  100,000  parts  of  the  water  contain  S.9 
X  7-1  ^=  30.59  parts  chlorine  {A'uM^  Ttemann).  Good  water  ought  not  to  contain  more  than  1$ 
milligrammes  of  chlorine  per  litre. 

The  presence  of  lime  may  be  ascertained  by  acidulating  50  cubic  centimetres  of  the  water  with 
MCI  and  adding  ammonia  in  excess,  and  afterward  adding  ammonia  oxalate ;  the  white  prccipttaie 
is  lime  oxalate.  According  to  the  degree  of  turbidity  we  judge  whether  the  water  is  "  soft  "  (poor 
in  lime),  or  "  hard  "  (nch  in  lime). 

Magnesia  is  determined  by  taking  the  clear  fluid  of  the  above  operation,  after  rcmovitvg  the 
precipitate  of  lime,  and  adding  to  it  a  solution  of  sodium  phosphate  and  some  ammonia;  the  crys- 
talline precipitate  which  occurs  \s  magnesia. 

Tlie  more  feeble  all  these  reactions  are  which  indicate  the  presence  of  sulphuric  add,  chloriD^ 
lime  and  magnesia,  the  better  is  the  water.  In  addition,  good  water  ought  not  to  conbdn  more  ibaa 
traces  of  nitrates,  nitrites,  or  compounds  of  ammonia,  as  their  preseocc  indicates  the  deconqMSuioo 
of  nitrogenous  organic  substances. 

F"or  nitric  acid,  take  100  cuHc  centimetres  of  water  acidulated  with  two  to  thrcedroptof  concen- 
trated sulphuric  acid,  odd  several  pieces  of  zinc,  together  with  a  solution  of  potassium  iodide,  and  starch 
solution;  a  blue  color  indicaio  iiiiric  acid.  The  following  test  ib  very  dcluaie:  Add  to  half  a  drup  of 
water,  in  a  capsule,  two  drops  of  a  watery  solution  of  Brucinum  sulphuricum,  and  afterward  several 
drops  of  concentrated  sulphuric  acid;  a  rose- red  coloration  indicates  the  presence  of  nitric  acid. 

The  presence  of  nitrous  acid  is  ascertained  by  the  blue  coloration  which  results  from  the  addi- 
tion of  a  solution  of  potassium  iodide,  and  solution  of  starch,  after  the  water  has  been  acidulated 
with  sulphuric  acid. 

Compounds  of  ammonia  are  detected  by  Nessler's  reagent,  which  gives  a  yellow  or  reddish 
coloration  when  a  trace  of  ammonia  is  present  in  water;  while  a  Urge  anioant  of  these  compounds 
gives  a  brown  precipitate  of  the  iodide  of  mercury  and  ammonia. 

The  contamination  of  water  by  decom}ios)ng  animal  substance  is  determined  by  the  amooal  of 
N  it  contain!%.  In  moM  cas»  it  is  sufficient  to  determine  the  amount  of  nitric  acid pr^aKOt.  For 
tfiis  purpose  we  re'juire  (A)  a  solution  of  1.S71  grms.  potassium  nitrate  in  1  litre  distilled  water;  i 
cubic  centimetre  conti\itis  i  milligramme  nitric  acid;  (B)  a  dilute  solution  of  indigo,  which  is  pre- 
pared by  rubbing  together  one  part  of  pulverized  indigotin  with  six  parts  II^SO^,  and  allowing  the 
de(>ostt  to  subside,  when  the  blue  fluid  is  poured  into  fony  times  its  volume  of  distilled  water,  and 
filtered.  This  llaid  is  diluted  with  distilled  water  until  a  layer,  I2  to  15  mm.  in  thickness,  begins  Co 
be  transparent. 

To  test  Ihe  activity  of  B,  place  I  cutnc  centimetre  of  A  in  14  cubic  centimetres  water;  add  some 
common  salt  and  50  cubic  centimetres  concentrated  sulphuric  acid,  and  allow  B  to  flow  frooi  a 
burette  into  this  mixture  until  a  faint  green  mixture  is  obtained.  The  number  of  cubic  centimetres 
of  H  used  correspond  to  i  milligramme  of  nitric  acid. 

35  cubic  ceniimcires  of  the  water  to  be  investigated  are  mixed  with  50  cubic  centimetres  of  con- 
centrated H,SO|,  and  titrated  with  B  until  a  green  color  is  obtained.  This  process  must  be  rejicaied, 
and  on  the  bccond  occasion  the  solution  B  must  be  allowed  to  Huw  in  at  once,  when,  usually,  some- 
what more  indigo  solution  is  required  to  obtain  the  green  solution.  The  number  of  cubic  c«Qii- 
metres  of  B  (corresponding  to  the  strength  of  B,  as  determined  above;  indicates  the  atnciunt  uf 
nitric  acid  present  in  25  c.  cmtr.  of  the  water  investigated.  As  much  as  10  niilligrammes  nitric  acid 
have  been  found  in  spring  water  (.l/nrs,  TrommsdQrff), 
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Fig.  319. 


Sulphuretted  Hydrogen  is  recogniecd  by  its  pr/or,  alw  by  11  piece  of  blotting  paper  moistened 
rith  alkaline  solution  of  lead  hecoming  brown  when  it  is  held  over  the  boiling  water.     If  it  occurs 

a  iompound  in  the  water,  sodium  niiro-pnisside  gives  a  red  dish -violet  color 

It  ti  of  the  greatest  itnporiancc  that  drinking  waier  should  be  fret  from  tke  presenct  of  organic 
matter  in  a  state  of  decomposition.  Organic  matter  in  a  state  of  decomposition,  and  the  organisniS 
therewith  auoctaled,  when  imrnduccd  into  the  body,  may  give  rise  to  fatal  maladies,  e,  ^.,  cholera 
and  typhoid  fever.  This  is  the  ca-sc  when  the  water  supply  has  been  contaminated  from  water 
which  has  percolated  from  water  closets,  privies  and  dung  pits.  The  preifKe  of  organic  matUrmay 
6t  iMettfti  thus :  ( I )  A  considerable  amount  of  the  water  is  evaporated  to  drynewi  in  a  porcelain 
vessel;  if  (he  residue  be  heated  again,  a  brown  or  black  color  indicates  the  presence  of  a  consider- 
able amount  of  organic  matter;  and  if  tt  contain  N,  there  is  an  odor  of  ammonia.  Good  water 
treaied  in  this  way  gives  only  a  tight-brown  suin.  The  presence  of  mtcro-organiBms  may  be 
detcrmiDed  microscopically  after  cva{>oraling  a  small  quantity  of  water  on  a  glas><  alide.  (2)  The 
addition  of  po/asrio-gv/d  chloride  added  to  the  water  gives  a  black  frothy  precipitate  after  long  stand- 
ing. (3)  A  solution  of  polassium  p€rmon\^anatt,  added  to  the  water  in  a  covered  jar,  gradually 
becomes  decolorized,  and  a  t>ruwii)Bh  precipitate  is  formed. 

Water  containing  much  organic  matter  should  never  be  used  as  drinking  water,  and  this  is  e«pe- 
ctaUy  the  case  when  there  is  an  epidemic  of  typhoid  fever,  cholera  or  diarrhiea.  In  all  such  cir- 
cumsiances  the  water  ought  to  be  boiled  for  a  long  time,  whereby  the  organic  germt  are  kdled. 
Tlie  insipid  taste  of  the  water  after  l.>oiling  may  be  corrected  by  adding  a  little  sugar  or  lime  juice. 

130.  THE  MAMMARY  GLANDS  AND  MILK.— Milk  Duct.— About  20  galactophorou 
dncts  open  singly  upon  the  surface  of  the  nipple.  Each  of  these,  just  before  it  opens  ou  the  surface, 
is  provided  with  an  oval  dilatation — the  sinus  lacteus.     When  (raced  into  the  gland,  the  galncio* 

lorous  ductji  divide  tike  the  branches  of  a  tree,  and  a  large  branch  of  the  duct  passes  to  each  lobe 
kf  the  gland — all  the  lobes  being  held  together  by  loose  connective  tissue.  Only  during  lactation 
do  all  the  fine  ^terminations  of  the  ducts  communicate  with  the  globular  glatKlular  acini.  Every 
gland  acinus  consists  of  a  membrana  propria,  surrounded  externally  with  a  network  of  branched 
.connective-tissue  corpuscles,  and  tuied  internally  with  a  somewhat  Hattened,  polyhedral  layer  of 
imclealetl  secretory  cells  (Fig.  319}.  The  sue  of  the  lumen  of 
ihc  acini  depends  upon  the  secretory  activity  of  the  glands;  when 
it  is  lArge,  it  is  filled  with  milk  containing  numerous  refractive  fatty 
granules.  The  milk  ducLs  consist  of  hbrillar  connective  tissue. 
Some  fibres  ore  arranged  longitudinally,  but  the  chief  mass  are 
disposed  circularly,  and  are  permeated  cxtemnlly  with  clastic  Hhres, 
while  in  the  finer  ducu  there  is  a  membrana  propria  continuous 
with  that  of  the  gland  acini.  The  ducts  arc  lined  by  cylindrical 
epithelium. 

Liunng  the  firzt  fav  days  after  delivery,  the  breists  secrete  a 
small  amount  of  milk  of  greater  consistence  and  of  a  yellow  color 
— ihe  colostrum — in  which  lai^e  cells,  filled  with  fatty  granules, 
occur — the  coloMrum  corpuscles  (Fig.  321 ).  Sometimes  a  nucleus 
IS  obscn'ahle  within  them,  aitd  rarely  they  exhibit  aro:cboid  move- 
ments (Fig.  320,  r,  d,  f).  The  regular  secretion  of  milk  begins 
after  three  to  four  days.  It  was  formerly  supposed  that  the  cells 
of  the  acini  underwent  a  fatty  degeneration,  and  thus  produced  the 

itly  granules  of  the  milk.      It  is  more  probable,  from  the  oliserva- 
tions  uf  Sincker,  Schwnrz,  Partsch  and  lUidenhain,  that  the  cells  of  the  acini  manufacture  the 

itty  granules,  and  their  protaplosm  cliuiinales  them,  at  the  same  lime  formii^  the  clear  6uid  port 
of  the  milk. 

Changes  during  Secretion. — Partsch  and  Heidcnhain  found  that  the  secretory 
cells  in  the  passive  non-secreting  gland  (Fig.  220, 1)  were  flat,  polyhedral  and 
uniDuckatcd,  while  the  secreting  cells  (Fig.  220,  Iljoftcn  contained  several  nuclei, 
were  more  albutniiious,  higher,  and  cylindrical  in  form.  The  edge  of  the  cell 
directed  toward  the  lumen  of  the  acinus  undergoes  changes  during  secretion. 
Fatty  granules  are  formed  in  this  part  of  the  cell,  and  are  afterward  extruded. 
The  decomposed  i>ortion  of  the  cell  is  dissolved  in  the  milk,  and  the  fatty  gran- 
ules become  free  as  milk  globules  (Fig.  220,  II,  a).  If  nuclei  are  present  in  that 
part  of  the  cell  which  are  broken  up,  they  also  pass  into  the  milk,  and  give  rise 
^o  the  presence  of  nuclein  in  the  secretion. 

Besides  the  milk  {^lobules  and  colostrum  corpuscles,  Ranber  has  found  leucocytes  undergoing 
iity  degeneration  and  single  pale  cells  {f).  C>ccasionally  milk  globules  are  found  with  traces  of 
Ibe  Cell  ^ut'StUDce  adhering  to  their  surface  [b). 

Formation  of  Milk. — Concerning  the  formation  of  the  individual  constiluenttt  of  milk,  H. 
Thicrfelder,  who  digested  fresli  mammary  glands  direaly  after  death,  found  that  dunng  the  diges- 
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tion  of  the  glands,  at  the  temperature  of  the  body,  a  reducing  substance,  probftbly  laciote.  «ai 
formed  by  a  process  of  fermentation.  The  mnihcr  Buhsiancc  jsaccharog^nj  i»  •nluble  in  water,  bu 
Dot  in  .ilcohol  or  ether,  is  doi  destroyed  by  buiUn[;,and  is  not  identical  with  glycogen.  The  fensefll 
which  fornix  the  lactose  is  connected  with  the  gland  cells :  it  does  not  pass  into  the  milk,  nor  inbo  i 
watery  extract  of  the  gland.  During  the  digestion  of  the  mammary  glands  at  the  temperature  of 
tlie  body,  casein  is  formed,  probably  hoax  serum  allnimin,  by  a  process  of  fermeniation.  TUs 
ferment  occurs  in  the  milk. 

The  nipple  and  its  areola  are  characierixed  by  the  presence  of  pigment — more  abumlani  during 
pregnancy— in  the  rete  Malpighii  of  the  skin,  and  by  large  papillx  in  the  cutis  vera.  Some  of  the 
papilbe  contain  touch  corpuscles.  Numerous  non  striped  muscular  fibres  surround  the  mtlk  dom 
in  the  deep  layers  of  the  skin  and  in  the  subcutaneous  tissue,  which  contains  no  fat.  These  muiculu 
fibres  can  be  traced  following  a  longitudinal  course  to  the  termination  of  the  ducts  on  the  surCice. 
The  »mai\  f^'/ffrif/s  o/  Montgomtry^  which  occur  on  the  areola  durine  lactation,  are  just  snuU  milk 
glanrls,  each  with  a  special  duct  opening  on  the  surface  of  the  elevation. 

Arteries  proceed  from  several  sources  to  supply  the  mamma,  hut  their  branches  do  noC 
pany  the  niitk  ducts;  each  gland  acinus  is  surroumled  by  a  network  of  tapUlartti,  which  coc 
nicate  with  those  of  adjoining  acini  by  small  arteries  and  veins.  The  veins  of  the  areola 
arranged  in  a  circle  (Circulus  Hallcri).  The  nerves  arc  derived  from  the  supraclavicular,  and  the 
II-IV-VI  intercostals  ;  they  proceed  to  the  skin  over  the  gland,  to  the  very  iiensitive  nipple,  lo  the 
blood  vessels  and  non-slripcd  muscle  nf  the  nipple,  and  to  the  gland  acini,  where  the  mode  of  ter- 
mination is  still  unknown.  Lymphatics  surround  the  alveoli,  and  they  are  often  full.  The  milk 
appears  to  tw  prei>ared  from  the  lymph  contained  in  the  lymphatics  surrounding  the  acini. 

I'he  comparative  anatomy  of  the  mamma.  The  rodents,  inseclivora,  and  camivora  have  lo 
to  13  teats,  while  some  of  them  have  only  4.  The  pachydermata  and  ruminantia  have  3  to  4 
abdominal  teals  \  the  whale  has  3  near  the  vulva.     The  apes,  bats,  vegctable-fceding  whales,  elc 
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pbants,  and  sloths  have  2,  like  man.  In  the  marsupials  the  tubes  arc  arranged  in  gronpa,  wliid 
open  on  a  patch  of  skin  devoid  of  hair,  without  any  nipple.  The  young  animals  remain  within  the 
mother's  pouch,  and  the  milk  is  expelled  into  their  mouths  by  the  action  of  a  muscle— the  compreswe 
mammx. 

The  development  of  the  human  mamma  begins  in  both  sexes  during  the  third  month ;  at  the 
fourth  and  6fth  months  a  few  simple  tubular  gland  duct?  are  arranged  radially  around  the  poateioa 
of  the  future  nipple,  which  is  devoid  of  hair.  In  the  new-born  child  the  ducts  are  b^anch(^d  twkc 
or  thrice,  and  are  provided  with  dilated  cKlremtties,  the  future  acini.  Vp  to  the  twelfth  year,  ia 
both  sexes,  the  ducts  continue  to  divide  dendritically,  but  without  any  projier  acini  Iwing  formed. 

In  tht  ^ir/  at  puberty  the  duels  branch  rapidly  ;  but  the  acini  are  formed  onh  at  tht  pfHfkerytt 
the  gland,  while  during /r/t^iowrr  acini  arc  also  formed  in  the  centre  of  the  gland,  whdc  the  coo* 
neaive  tissue  at  the  same  time  becomes  s-jmewhat  more  0)>ei)ed  out.  At  the  cUmfutrrit  pt»  '  ' 
or  menopause,  all  the  acini  and  numerous  fine  milk  duels  degenerate.  In  the  adult  maU  ifae  _' 
remains  in  the  non-developed  infantile  condition.  Accessory  or  supernumerary  glands  upon  1 
breast  and  al'domcn  are  not  uncommon;  sometimes  the  mamma  occurs  in  the  axilla,  on  the  back, 
over  the  acromion  process,  or  on  the  I^.  A  slight  secretion  of  milk  in  a  newly  bora  infant  it 
nornutl. 

During  the  evacuation  of  the  milk  (500-1500  cubic  centimetres  daily),  there  is  not  only  the 
mechanical  action  of  sucking,  but  also  the  activity  of  the  gland  itself  {\  152).  This  consists  In  the 
erection  of  the  nipple,  whereby  iis  non-striped  muscular  nbres  compress  the  sinuses  on  the  nulk 
ducts,  and  emjity  them,  so  that  the  milk  may  ^ow  out  in  streams.  The  gland  acini  arc  also  excited 
to  secretion  rcflcxly  hy  the  stimulation  of  the  sensory  nerves  of  the  nipple.  The  vessels  of  the 
gland  arc  dllale<l.  and  there  is  a  copious  transudation  into  the  gland,  the  traiuuded  fluid  bein^ 
manufactured  into  milk,  under  the  influence  of  the  secretory  proto^asm.     The  anwuot  of  aecrvtioe 
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l&  npnn  the  blood  pressure  {Jtdhri»),  During  sucking,  not  only  is  the  milk  in  the  gUnd 
ided.  but  new  niiik  is  formc<l,  owing  to  the  accelerated  secretion.  Emotional  disturbances — 
[CT,  fear,  etc. — arrest  the  secretion.  IjitTont  found  that  tiimulatton  of  the  mammary  nerve  (biich) 
caused  erection  of  the  teal,  dilaution  of  the  vessels,  mid  secretion  of  milk.  After  section  of  the 
ccrebro- spinal  nerves  going  to  the  mamma,  Eckhard  observed  that  erection  of  the  teal  cea«d, 
■llhough  the  secretion  of  milk  in  a  gom  was  not  interrupted.  The  rarely  observed  galactorrhoia 
is  perhaps  to  be  regarded  as  a  paralytic  secretion  analogous  to  the  paralytic  secretion  of  saliva. 
Hcidenhain  and  Partsch  found  that  the  secretion  (tntch)  was  increased  by  injecting  strychnine  or 
corura  after  section  of  the  nerves  of  the  gland.  The  *'  milk  fever,"  which  accompanies  the  first 
secretion  of  milk,  probably  depends  on  stimulation  of  the  vasomotor  nerves,  but  this  condition  must 
be  studied  in  relation  with  the  other  changes  which  occur  within  the  pelvic  cavity  after  binh. 
[Some  substances,  such  a-t  atropin,  arrcM  the  srcrction  of  milk.] 

23X.  MILK  AND  ITS  PREPARATIONS.— Milk  represents  a  com- 
plete or  typical  food  m  which  are  present  all  the  cunstituents  necessary  for 
maintaining  the  life  -md  growth  of  the  body  [of  an  infant  (§  236).  If  an  adult 
were  to  live  on  milk  alone,  to  get  the  23  oz.  of  dry  solids  necessary,  he  would 
have  to  take  9  pints  of  milk  daily,  which  would  give  far  too  much  water,  fat,  and 
proteids.j  To  every  10  parts  of  proteids  there  are  10  parts  fat  and  20  parts  sugar. 
Relatively  more  fat  than  albumin  is  absorbed  from  the  milk  {^Rubn£r)\  while  a 
part  of  both  is  excreted  in  the  fxces. 
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Mlcroacaplc  appearance  of  mflk  (M)  upper  ball  of  the  figun,  and  coloitnim  (C)  lower  half. 

Characters. — Milk  is  an  opaque,  bluish-white  fluid  with  a  sweetish  taste  and  a 
characteristic  odor,  probably  due  to  the  peculiar  volatile  substances  derived  from 
the  cutaneous  secretions  of  the  glands,  and  it  has  a  specific  gravity  of  1036  to 
1035  (Hatienhausfn).  When  it  stands  for  a  time,  numerous  milk  globules,  butler 
globules,  or  cream,  collect  on  its  surface,  under  which  there  is  a  bluish  watery 
fluid.  Human  milk  is  always  alkali nt ;  cow's  milk  may  be  alkaline,  acid,  or 
amphoteric;  while  the  milk  of  carnivora  is  always  acid. 

Milk  Globules. — When  milk  is  examined  miitoscopically,  it  is  seen  to  contain 
numerous  small,  highly  refractive  oil  globules,  floating  in  a  clear  fluid — the  milk 
plasma  (Figs.  230,  a,  b,  221) ;  while  colostrum  corpuscles  and  epithelium  from 
the  milk  duels  are  not  so  numerous.  The  white  color  and  opacity  of  the  milk  arc 
due  to  the  presence  of  the  milk  globules  which  reflect  the  light ;  the  globules  con- 
sist of  a  fat,  or  butter,  and  are  apparently  surrounded  with  a  very  thin  envelope  of 
casein  or  haptogcn  membrane.  [This,  however,  is  denied  ;  it  is  more  prol)able 
that  the  ca.sein  exists  in  a  swollen-up  condition  rather  than  in  a  state  of  true  solu- 
tion.] 

If  ftcetic  acid  tw  added  to  a  microscopic  preparation  of  milk,  this  caseous  envelope  is  dissolved, 
ibe  futy  grmoolea  ire  hberatcd,  and  they  run  together  to  form  irregular  masses.     If  cow's  milk  l>e 
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sbakcD  with  caustic  potash,  the  casein  envelopes  are  dissolved,  and  if  ether  be  added  tbe  milk  bt 
comes  clenr  and  transparent,  as  the  ether  dissolves  uut  all  the  fatty  particles  in  the  solution.  Eihcr 
cxnnot  extract  the  fat  from  cow's  milk  until  ncclic  acid  or  caustic  potash  is  added  In  liberxtethc 
fats  from  their  envelopes;  but  shaking  with  ether  is  sufficient  to  extract  the  fals  from  humu  nift 
[Ratinthauscn).  Some  observers  deny  that  an  envelo[>e  of  casein  exists,  and  according  to  thcs 
milk  is  a  nmpie  emulsion,  kept  emulsionl/ed  owing  to  the  colloid,  swollenup  casein  in  the  mill 

f>lasma  {A'thrcr),    The  treatment  of  milk  with  potash  and  ether  makes  the  casein  unable  my 
ongcr  lo  preserve  the  emuUion  iSos^let). 

The  fats  of  the  milk  globules  are  the  triglycerides  of  stearic,  palmttic,  oleic 
(very  little),  myristic,  arachinic  (butinic),  capric,  caprylic,  caproic,  and  batync 
acids,  with  traces  of  acetic  atid  formic  acids  {/ftiniz),  and  cholesterin. 

Butter. — When  milk  is  beaten  or  stirred  for  a  long  time  (i.  e.,  churned),  the  fat  of  the  railk 
globules  is  ultimately  obtained  in  the  form  of  buiifr,  owing  to  the  rupture  of  theenvelopcs  of  casein 
Butter  is  soluble  in  alcohol  and  ether,  and  it  is  clarified  by  heat  (90°  C).  or  by  washing  in  »uef  tl 
40°  C  When  allowed  to  sland  exposed  to  the  air  it  lir»t  becomcji  sour,  owing  to  the  fonnatioo  of 
lactic  acid,  and  aflerward  becomes  rancid,  owini;  tu  the  glycerine  of  the  neutral  fat?i  being  decom- 
posed by  fungi  into  acrolein  and  formic  acid,  while  the  volatile  fatty  acids  give  it  its  rancid  odor. 

The  milk  plasma,  obtained  by  filtration  through  clay  filters  or  membranes,  is 
a  clear,  slightly  opalescent  fluid,  and  contains  casein  (§  249,  III,  3),  some  serum 
albumin  (§  32),  peptone  !o.i3  per  cent.),  nuclein,  and  a  trace  of  diasutic 
ferment  (in  human  milk — Bitkamp). 

Whether  other  peculiar  chemical  bodies,  such  as  protcids  arc  present  in  milk,  e^.,  lacioproteia 
{Atilien  and  ComailU,  Liebermann)^  globulin,  albumuse,  galactin,  etc.,  is  disputed  by  some  cbcm 
ists  (/ioppt-SryUr). 

When  milk  is  boiled  the  albumin  coagulates,  while  the  surface  also  becomes 
covered  with  a  thin  scum  or  layer  of  casein,  which  has  become  insoluble  [the  rest 
of  the  milk  remaining  fluid]. 

Casein. — When  milk  is  filtered  through  fresh  animal  mtmhxvK%{Jftfpe-S*yler)tXxihtaQ%\it 

clay  filler,  the  aisein  does  not  pa.M  through  {//r/wAdZ/i,  ZiiAn,  A'eAtYr). 

Precipitation,— It  is  precipitated  by  addmg  cr>'sials  of  MgSC>.  lo  saturation.  [If  to  milk  twice 
its  volume  of  a  saturoled  M>lution  of  NaCl  and  crystals  of  NaCI  be  added,  and  the  whole  shaken 
thoroughly,  cisevn  is  piecipiinted,  and  carries  down  with  it  fat,  so  that  the  clear  filtrate  contaus  llie 
lactose  and  coagtilable  prutcidii.] 

The  plasma  coniains  milk  sugar  (§  25a)  ;  a  carliohydrate  resembling  dextrin 
(Jiit/hausen),  (?  lactic  acid),  lecitnin,  urea,  extractives,  krcalin,  sarkin,  (ix)tassic 
sulphocyanide  in  cow's  milk),  sodic  and  potassic  chlorides,  alkaline  phosphates, 
calcium  and  magnesium  sulphates,  alkaline  carbonates,  traces  of  iron,  lluorine,  and 
silica  (CO,,  N,  (J). 

The  coagulation  of  milk  depends  upon  the  eoa^u/ation  of  Us  casein.  In  milk,  casein  is  com 
b'tned  with  calcium  pho^balc,  which  keeps  it  in  solution  ;  aads  which  act  on  the  calcium  pho«ptia» 
cause  coagulation  ol  the  casein  (acetic  and  tartaric  acids  in  excess  rcdi&solve  it).  All  acids  *\a  mt 
coaj^ale  human  milk  {Simon  auJ  Lehmnnn).  It  is  coagulated  with  two  or  moie  drops  of  hydro- 
chloric  acid  ro.i  per  cent.  J  or  acetic  acid  (0.3  percent.).  'X^t  spontaneous  txtn%yi\M\oTi  of  milk  alKr 
it  has  stood  tor  a  time,  esjiccinlly  in  a  warm  place,  is  due  to  the  fomiatmn  of  lactic  acid,  whiclk « 
formed  from  the  milk  su^ar  in  the  milk  by  the  action  of  bacterium  lacttcum  [^uhich  is  inirodactil 
from  without  ^Fasteur,  CoAn,  Lister)^  (^  184.  1).  It  changes  the  neutral  alkahne  pbo^phaK  io 
the  acid  pbos[>haie,  takes  the  casein  from  the  calcium  phosphate,  and  precipitates  the  casdn.  1^ 
sugar  is  decomposed  into  lactic  acid  and  CO^. 

Rennet  (\  250,  9,  d,  §  166,  II)  coagulates  milk  with  an  alkaUne  reaction  (sweet  whey).  Tto 
fernieni  de'.  i>mpi>sei  the  casein  into  the  precipitated  cheese,  and  also  into  the  slightly  soluble  «bef 
athumin  {f/ammers/en^  fiSrsfer),  so  thai  the  coagulation  by  rennet  is  a  process  quite  ditltacl  fro0 
ilic  coagulation  of  milk  by  the  gastric  and  pancreatic  juices  [and  also  from  the  precipitition  ]«► 
duced  by  acids.  I'he  presence  of  calcium  phosphate  seems  to  be  necessary  for  the  cotnplde  ictuia 
of  the  rennet  \ff<jmmers(en).'\ 

[Experiraents. — Wann  a  little  milk  lo  40°  C,  and  add  a  few  drojs  of  commercial  reniict.Mt- 
tiiig  aside  the  mixture  in  a  warm  place ;  a  solid  coagulum  is  soon  fonnetl,  and  by  and  by  the  *W 
separates  from  it  If  the  milk  be  previously  diluted  with  water,  no  coagulum  is  formed ;  and  if  t!w 
rennet  be  boiled  before,  it,  like  other  ferments,  is  destroyed.  A  soluiiou  of  rennet  may  bepcepui^ 
by  extracting  the  fourth  stomach  of  the  cnlf  wtth  glycerine,] 
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[A  milk- coagulating  ferment  U  found  in  ceitain  plants  (artichokes,  figs,  Cjurica  papuys),  and 
causes  milk  to  coagulate  in  neutral  or  alkaline  solution  {Baj^mAy).  It  is  jdso  found  m  the  small 
intestine  of  the  calf,  while  a  5  per  cent.  NaCI  solution  of  the  &ee<ls  of  H^fhattta  cou^htis  coagu- 
Iate5  milk  in  an  alkaline  medium  {AitiAhon  and  Lea).\ 

[When  ihe  milk  is  coagutaied  we  obtain  the  curd,  consisting  of  casein  with  some  mitk  globules 
enlanijlcd  in  it;  the  whey  contains  bomc  soluble  albumin  and  fat,  and  the  threat  proportion  of  the 
salts  and  tnilk  su(;ar,  tui;ether  with  lactic  acid.] 

Boiling  (by  killing  all  the  lower  organisms),  sodium  bicarbonate  (yn'oa).  ammonia,  salicylic  acid 
(j]^f),  glycerine,  and  ethereal  oil  of  mustard  prevent  the  spontaneous  coagulation.  ]-'iesfa  milk 
makes  tincture  of  guaiacum  blue,  but  boiled  milk  Hoes  not  do  ui  \Sfhneht,  C.  Arnold),  When 
milk  is  exposed  to  the  air  for  a  long  time,  it  gives  off  CO.^  and  absorbs  O;  the  fats  are  increased 
(?  owing  to  the  development  of  fungi  in  the  milk),  and  so  are  the  alcoholic  and  ethereal  extracts, 
Crnm  the  decomposition  of  the  casein  {HopprSryter^  Kemmfriih).  According  to  Schmidt-Mill- 
hcim,  some  of  the  casein  becomes  convened  into  peptone,  but  this  occurs  only  in  unboiled  milk. 

ICompositton.— 100  parts  uf  milk  contain — 
Human.  Cow.  Goat.  Au. 

Water 87.24  to  90.58  86.23  S6.8S  S9.01 

Solid* 9.42  "  12.39  >3-77  '3  52  10.99 

Albumin "        .    /»-90»oa-2i^   0.50  1.26/  ^'S? 

Buticr a.67  "     4.30  450  4-34  1.85 

Mdksugar     .   .    .    3.15"     609  4-93  3  7S 1  .„ 

Salt* 0.14"     0.2S  0.6  0.65/  >-°5 

Human  niilk  contains  less  albumin,  which  is  more  soluble  than  the  albumin  in  the  milk  of 
animals. 
'  ColoatTum  contains  much  serum  nlbumin,  and  very  little  casein,  while  all  the  other  substances, 

and  cspetially  the  fats,  are  more  abundant. 

Gasea. — Pll^lgcr  and  Sctschcnow  found  in  100  vols,  uf  milk  5.01  to  7.60  CO,  ;  o  09  to  0.32  O ; 
0.70  to  1.41  N,  according  to  volume.     Only  part  of  the  CO,  is  expelled  by  pbosphoric  acid. 

Salts. — 'X\\.z pi>taik  saiti  (as  in  blood  and  muscle)  are  more  abundant  than  the  soda  com|K>unds, 
while  there  is  a  considerable  amount  of  calcium  phosphate,  which  is  necessary  for  forming  the 
t^oHTi  of  the  infant.  Wildenstein  found  in  100  parts  of  the  ash  of  human  milk — sodium  chloride, 
10.73;  potauium  chloride,  26.13;  poush,  21.44;  h^c,  18.78;  magnesia,  0,87 ;  plHMphoric  acid, 
19;  feme  phosphate,  0.21  ;  sulphuric  acid,  2.64;  silica,  traces.  The  amount  ol  salts  present  is 
affected  by  the  sall^  of  the  foud. 

Conditions  Influencing  the  Composition. — The  more  frcjuenily  the  breaiis  are  emptud,  the 
richer  Ihc  nulk  becomes  in  casein.  TLc  last  milk  obtained  at  any  time  is  always  richer  in  butter, 
as  it  comes  from  the  most  distant  part  of  the  gland— viz.,  the  acini  {Rehet^  Neymtus,  J-orster,  at 
Lton)  Some  substances  are  diminished  and  others  increased  in  amount,  according  to  the  lime 
afterdelh'fry.  The  following  arc  inircairrf.-  Until  the  2d  month  after  delivery,  casein  and  fat;  until 
the  5th  month,  the  sahs  (which  diminish  progressively  from  this  time  onward);  from  S-ioth 
month,  the  sugar.  The  following  are  diminisAed .-  From  io-24lh  month,  csiwin;  from  5'-6tfa 
and  10-1  i(h  months,  fat :  diirinj;  1st  month,  the  sugar;   from  the  5th  month,  the  salts. 

[Influence  of  Drugs. — That  cow's  railk  is  influenced  by  the  pasture  and  food  is  well  known. 
Turnip  as  food  gives  a  peculiar  odor,  laste  and  flavor  to  milk,  and  so  do  the  fragrant  grasses.  The 
mental  stale  of  the  nurse  influences  the  quautity  and  ()ualiiy  of  milk,  while  many  siiliMances  given 
as  medicines  reappear  in  the  milk,  such  as  dill,  copaiba,  conium,  aniseed,  garlic;  especially  those 
containing  aromatic  volatile  oils,  as  the  uml>ellifer3e  and  crucirer%;  also  some  of  the  following 
drugs:  pota.««ium  iodide,  arsenic,  mercury,  opium,  rhubarb,  or  its  active  principle,  the  purgative 
principle  of  castor  oil,  and  the  cathartic  principle  of  senna.  Jat^trandi  is  the  nearest  approach  to  a 
galaaagogue,  but  its  action  is  temporary.  Atropin  is  a  true  anti-galactagogue.  The  composition 
of  tbc   milk   may  be  affected  by  using  fatly  food,  by  the  use  ul  saltb,  and  abuve  all,  by  the  diet 

^H  [.Milk  may  be  a  vehicle  for  communicating  disease — by  direct  contamination  from  the  water 
^^■scd  fi.>r  adulterating  it  or  cleansing  the  ves<ieU  in  which  it  is  kept;  by  the  milk  absorbing  delete- 
'       rious  gases;  by  the  secretion  l>cing  altered  in  diseased  animals.] 

The  greater  the  amount  of  milk  that  is  secreted  (woman ),  the  more  casein  and  sugar,  and  the  less 
hotter  it  contains.  The  milk  of  a  primipara  is  Icsa  watery.  Rich  feeding,  especially  protcids 
(«mall  amount  of  vegetable  food),  increase  the  amount  of  milk  and  the  casein,  sugar,  and  fat  in  it ; 
a  brge  amnunt  of  carbohydrates  |uot  fats)  increases  the  amount  of  uigor. 

Substitutes. — If  other  than  human  milk  has  to  be  used,  ass's  milk  most  closely  resembles  htimaa 
milk.  Cow's  milk  is  best  when  it  contains  plenty  of  fatty  matters — it  must  tie  diluted  with  its  own 
Volume  of  water  at  tiist.  and  a  little  milk  sugar  added.  The  casein  of  cow's  milk  differs  iiuajita- 
nvely  from  that  of  human  milk  (^//i//rr/) ;  its  coagulated  flocculi  or  curil  are  much  coarser  than 
the  line  curd  of  human  milk,  and  they  are  only  i^  dissolved  by  the  digestive  juices,  while  human 
ilk  is  completely  dissolved.  Cow's  milk  when  boiled  is  less  digCitible  ttun  unboiled  (£,/fsien). 
Mtlk  ought  not  tu  be  kept  in  zinc  vessels,  owing  to  the  fomialioa  of  zinc  lactate. 
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TESTS    FOR    MILK, 


[Milk  exposed  to  light  bccomeft  sour  more  rapjtnjr*  and  the  cream  tepanite*  quicker;  sAcr  « 
time  there  is  a  very  acid  reaction,  an  evolution  of  gastt^,  Aiid  few  bacteria  are  preseni,  while  ii 
milk  kept  in  the  Hark  the  former  processes  go  do  more  slowly,  while  there  i<  a  putrid  fermeniitiQi 
wilhnui   the  evnluiion  of  gas,  but  with   many  bacteria  aiid  a   feeble  acid  reaction  [MSimi  oW 

Tests  for  MUk. — The  amount  of  cream  is  estimated  by  placing  the  milk  fortventy-fcmrbiMm 
in  a  tall  cylindrical  glass  grailuated  into  a  hundred  parts,  or  creamometer;  ihc  cream  cullecis  tm 
the  surface,  and  ought  to  form  from  lo  to  24  vols,  per  cent.  [The  cream  is  generally  alvui  ^,.1 
Tlie  specific  gravity  (fresh  cow's  milk,  1029  to  1034 ;  whtn  creamed.  1032  to  1040)  i»  cUimiied 
with  an  aerometer  or  lactometer  at  15°  C.  The  sugar  i&  estimated  by  liiraiion  with  Fcbliag'i 
Bolulion  ($  150,  II),  but  m  this  case  i  cubic  centimetre  of  this  solution  correspumU  to  0.0067  gm 
of  milk  sugar;  or  its  amount  may  l>e  estimated  with  \\\t. polariscopie  appinatui  i\  150).  Ttw  pro- 
tcidi  are  precipitated  anit  the  fnts  extracted  with  tlhvr.  The  fats  m  Iresh  niilk  form  about  3  per 
cent.,  ami  m  stiimmcil  milk  \%  \<t  cent.  Tlie  anuninl  of  water  in  relation  to  the  milk  glutwB 
is  estimated  by  the  lactoscope  or  the  diaphanometer  of  Donne  (modtlied  by  V'ogrl  and  Hoppc- 
Scyler),  which  conritts  of  a  glan  vessel  with  plane  parallel  sides  placed  1  ccnitmctre  opan  A 
measured  quantity  of  milk  is  taken,  and  water  in  added  to  it  from  a  burette  until  ihe  oothne  of  t 
candle  Hame  placed  at  a  distance  of  1  metre  can  be  distinctly  seen  through  the  <liluted  milk.  Thu 
is  done  in  a  dark  room.  For  1  cubic  centimetre  of  good  cow's  milk,  70  to  85  centimetres  water 
arc  required.  [Cither  forms  of  Iactosco]>e  are  used,  ail  depending  on  the  ume  principle  of  ta 
optical  test,  viz.,  that  the  opacity  of  milk  varies  with  and  i$  prn]x>rtional  to  the  amount  of  batter  fat* 
present. ;.  t.,  the  oil  globules.  Bond  uses  a  shallow  cylindrical  ves^l  with  the  lx}iiom  coveted  by 
black  lines  on  a  while  surface.  A  mensiircd  quantity  of  water  \f>  placed  in  thi^  vessel,  and  milk 
is  added,  drop  by  drop,  until  the  parallel  lines  on  the  pattern  at  the  bottom  of  the  dish  ceaic 
lo  be  visible.  C)n  counting  the  number  of  drops,  a  tahle  accompanying  the  appliaoce  gives 
Ihe  percentage  of  fata.  This  method  gives  approximate  results.  In  all  cases  it  is  well  to  aie 
fre^h  milk.] 

Various  substances  pass  into  the  milk  when  tkey  art  aJministfred  to  tkt  mi^iker — ^mtny 
ndnriferous  vegerabte  bodies,  e^.,  anise,  vermuth,  garlic,  etc. ;  opium,  indigo,  salicylic  acid,  iodine, 
iron,  zinc,  mercury,  lead,  binrouth,  antimony.  In  oMenmnlacia  the  amount  of  lime  in  the  milk  is 
increased  (  Gussmnv).  Potassium  iodide  diminishes  the  secretion  of  milk  by  affecting  the  secretory 
function  {Slumff).  Among  abnormal  constituents  are — tuemoglohin,  hile  pigment<>,  mucin,  blood 
corpuscleft,  piu,  fibrin.  Numerous  fungi  and  other  luvr  organisms  develop  in  evacuated  milk,  sod 
the  rare  blta  milk  is  due  to  the  development  of  Bacterium  cyanogencum  {/•idfAs.  .Verhtm).  The 
milk  serum  is  blue,  not  the  fungus.  Hluc  milk  i«  unheahhy.  and  causes  diarrhuea  (Moiitr).  There 
are  fungi  which  make  milk  iluUh-hiack  or^Ti-^N.  HeJ  ^nd  yelitno  milk  are  produced  by  a  similsr 
action  of  chrumogenic  fungi  ({  184).  The  former  is  produccil  by  Micro<o«us prodigiantt^  whidi 
is  colorless,  'llie  co]or  seems  to  be  due  to  fuchsin.  The  yellow  color  is  produced  by  Batfthmm 
tynxQHthum  iEhrenhirg).  Some  of  the  pigmenu  seem  to  be  related  to  the  aniline,  and  others  to 
Ihe  phenol  coloring  matters  [Nii/if'e). 

The  rennet-like  action  of  bacteria  \%  a  widely  dilTuscd  property  nf  these  organisms ;  tbcy 
coagulate  and  peptonize  casein  and  may  ultimately  produce  fanner  decompositions.  The  balyric 
acid  bacillus  {\  iS4^  tirst  coagulates  Cft»ein,  then  peptonizes  it,  and  finally  ^ilil^  it  up,  with  the  evo- 
lulion  of  ammonia  \fH*Ppe)' 

Milk  becomes  stringy^  owing  to  Ihc  action  of  cocci  {SehmiJit  Miii^tim),  which  form  a  strii^ 
substance  [  =  dtxtran,  *-'i  iH,(,0,o  {S(fttibl<rW,  just  as  beer  or  wine  undergoes  a  umilar  oc  ropy 
change.      [The  milk  of  diseased  animals  may  coniain  or  transmit  directly  infcctwu*  matter.] 

Preparations  of  Milk  — (i)  Condensed  milk— jjogrms.  cane  sugar  are  added  to  I  litre  of 
milk  ;  the  whole  is  evaporaled  to  \  ;  and  while  hot  sealed  up  in  tin  cans  {^Lignat).  For  chUdno 
one  teaspoonful  is  dissolved  in  a  pmt  of  cold  water,  and  then  boiled. 

(3)  Koumisa  is  prejured  by  the  Tartars  from  mare's  milk.  Koumiss  and  sour  milk  are  added 
lo  milk,  the  whole  is  violently  siined,  and  it  undergoes  the  alcoholic  fermentation,  whereby  the 
milk  sugar  is  firist  changed  into  galactose,  and  then  into  alcohol ;  so  that  koumiss  contains  2  to  3  pel 
cent,  of  alcohol;  while  the  casein  is  at  hr»t  precipitatetl,  but  is  afterward  partly  red isautred  uA 
changed  into  acid  albumin  and  ^\An\\^  {Doikmann).  Tanar  koumiss  seems  to  be  produced  tif 
the  action  of  a  s[K;cial  bacterium  (Diasfxira  caucasia,  Kern). 

(3)  Cheese  is  prepared  by  coagulating  milk  with  rennet,  allowing  the  wbey  lo  sepante.SBil 
adding  salt  to  the  curd.  When  kc[X  for  a  king  time,  cheese  ''ripens,"  the  casein  again  beooaei 
soluble  in  water,  probably  from  the  fonnation  of  soda  albuminate ;  in  many  cases  it  becomes  acai- 
fhild  when  It  takes  the  characters  of  peptones.  When  further  decomiJosition  occurs.,  leucin  aid 
tyrosin  are  formed.  Tlic  fats  increase  at  the  cx|>ense  of  the  casein,  and  Uiey  again  undergo  funlitr 
change,  the  volatile  faity  acids  giving  the  characteristic  odor.  The  formation  of  peptone,  lesci", 
tyrosiD  and  the  decomposition  of  fat  recalls  the  digfstive  processes. 

[Cheese  is  coagulated  casein  entangling  more  ur  lev>  fat.  so  that  the  richness  of  ihe  cheese  vill 
depend  upon  the  kind  of  milk  from  which  it  is  made.  There  ore,  in  this  Mnse,  thicc  kintbof 
cheese,  whelt  milk,  skim  milk,  and  crtam  cheese,  ilic  lakt  being  repreaeulcd  liy  Stilton,  K«|oeWi 
Cheshire,  etc. 


FLESH   AND  ITS   PREPARATIONS, 


The  composition  b  shown  in  ibe  Followiag  table,  after  Bauer : — 


1 

Water. 

Nitrogcneotu 
Mutter. 

Fit. 

Extractives. 

Ash. 

Crcafn  cheese 

Whole  milk 

35-75 

46.82 
48.02 

7..6 

27.63 

3265 

3043 
ao.54 

8.41 

2-53 
a.97 
6.80 

4.13 
305 
4,12 

Skim  mitk 

Cieam  cheese,  especially  if  il   be  matle  from   gnat  milJc.  acquires  a  very  high  odor  and  strong 
Ivor  when  it  b  kept  and  "  ripens  ;"  the  casein  15  partly  decomposed  to  yield  ammonia  and  amrao- 
liDin  ^tilphtde,  while  the  fnis  yield  butyric,  caproic  and  other  acids.] 

332.  EGGS.-~Eggs  must  be  regarded  as  a  complete  food,  as  the  organism  of 
the  young  chicik  is  <levelo[>ed  from  them.  The  yelk  contains  a  characteristic 
proteid  body — 't'iieiUn  {%  249),  and  an  aibuminate  in  the  envelopes  of  the  yellow 
yelk  spheres — nuclein^  from  the  white  yelk  ;  fats  in  the  yellow  yelk  (palmilin, 
olein"),  (^holeslerin,  much  lecithin;  and  as  its  decomposition  product,  glycerin- 
phosphoric  acid — ^rape  suj^ar^  pigments  (lutein),  and  a  body  containing  iron  and 
related  to  harmoglobin  ;  lastly,  salts  qualitatively  the  same  as  in  blood — quanlita- 
lively  as  in  the  blood  corpuscles — ^x\6.  S'^ses.     The  chief  constituent  of  the  >vhite 

»f  egg  is  egg  albumin  {%  249),  together  with  a  small  amount  of  palmitin  and 
^  lein  partly  saponified  with  soda  :  grape  sugar,  extractives  ;  lastly,  salts,  qualita- 
'iively  resembling  those  of  blood,  but  quantitatively  like  those  oi  serum  ^nA  a  trace 
of  fluorine. 

[The  shell  is  composed  chiefly  of  mineral  matter  (91  per  cent,  of  calcic  carbonate,  6  per  cent,  of 
calcic  phosphate,  and  3  per  cent,  of  organic  matter).  A  ben's  egg  weighs  about  \%  oz.>  of  which 
the  shell  forms  aboiu  j^. 

»  Composition : — 

White  of  Egg.  Vcllc. 

Water 84.8  51.5 

pTOieids 12.0  15.0 

Fats,  etc  , a.o  J0.0 

Mineral  matter 1.2  i^ 

Figmetit  extractives 2.1 
This  shows  the  large  amount  of  fatty  matttr  in  the  yelk.] 

Relatively  more  of  the  nitrogenous  constituents  than  the  fatty  constituents  of 
eggs  are  absorbed  {Rubncr). 

333.  FLESH  AND  ITS  PREPARATIONS.— Flesh,  in  the  form  in 
which  it  is  eaten,  contains,  in  addition  to  the  muscle  substance  proper,  more  or 
less  of  the  elements  of  fat,  connective  and  elastic  tissue  mixed  with  it  (§  293). 
The  following  results  refer  to  flesh  freed  as  much  as  possible  from  the  constituents. 
The  chief  proteid  constituent  of  the  contractile  muscular  substance  is  myosin 
{Kuhne)  \  serum  albumin  occurs  in  the  fluid  of  the  fibres,  in  the  lymph  and  blood 
of  muscle.  The  fats  are  for  the  most  part  derived  from  the  inlerfibrillar  fat  cells, 
while  lecithin  and  cholesterin  come  from  the  nerves  of  the  muscles  ;  tht  gelatin  is 
derived  from  the  connective  tissue  of  the  perimysium,  perineurium,  and  the  walls 
of  blood  vessels  and  tendons.  The  red  color  of  the  flesh  is  due  to  the  hemo- 
globin present  in  thesarcous  substance  {XGhne^  Gscheidlen'),  but  in  some  muscles, 
€.g.f  the  heart,  there  is  a  special  pigment,  myo-hiematin  (AfacMunn).  Elastin 
occurs  in  the  sarcolemma,  neurilemma,  and  in  the  elastic  fibres  of  the  perimysium 
and  walls  of  the  vessels  j  the  small  amount  of  keratin  is  derived  from  the  endo- 
thelium of  the  vessels.  The  chief  muscular  substance,  the  result  of  the  retrogres- 
sive metabolism  of  the  sarcous  substance,  is  kreaiin  (  —  0.25  per  cent.,  Cherreul^ 

J'^rls)  ;  kretitinin,  the  inconstant  inosinic  acid,  then  lactic,  or  rather  sarcolactic 
"rid  ( §  293 ».  Further,  taurin,  sarkin,  xanthin,  uric  acid^  carnin,  inosit  (most 
lundant  in  the  muscles  of  drunkards^,  urea  (.01  per  cent.),  dextrin  (in  horse  and 
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rabbit,  not  constant — Safison^  Limprichf)  \  grape  sugar  {Ma'ssfter)^  but  ll  is  vtvf 
probably  derived  post-mortem  from  glycogen  {0.43  per  cent.),  which  occurs  in 
considerable  amount  in  foetal  muscles  {O.  Nasse)  \  lastly,  volatile /<///»' ar/'i/i. 
Among  the  salts,  potash  and  phosphoric  acid  compounds  {Brac&nnot)  are  most 
abundant  ;  magnesium  phosphate  exceeds  calcium  phosphate  in  amount.  [The 
composition  varies  somewhat  even  in  different  muscles  of  the  same  animal.] 

In  100  |iarts  Flesh  there  U,  according  to  Schlossbcrger  und  v.  Bibm— 
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The  amount  of  fat  in  flesh  varies  very  much,  according  to  (lie  condition  of  the  aninuL  Afict 
removal  of  the  vi&ible  fat.  human  flesh  contains  7.15;  ox,  11.12;  cair,  10.4  ;  sheep,  3.9;  wild  gooM. 
8.8;   fowl,  2.5  per  cent. 

The  amount  of  extractives  is  most  abundant  in  those  animals  which  exhibit  energetic  moacol*'' 
action;  hence  it  is  largest  in  wild  animals.  The  extract  is  increased  after  vigorous  muM:ular  actio** 
when  sarcolaclic  acid  ts  devclo{>ed,  and  the  flesh  becomes  more  tender  and  is  more  paJbiable.  SoiK 
of  the  extractives  excite  the  nervous  system,  e.  ^.,  krcalin  and  kreaiinin  ;  and  others  give  to  fltsH  it» 
characteristic  agreeable  flavor  ["  osmasome,"]  hut  this  is  also  partly  due  to  the  different  fats  of  tke 
flesh,  and  is  best  developed  when  the  flesh  ts  cooked.  The  extractives  in  too  parts  of  &esh  trs  a 
man  and  pigeon,  3;  deer  and  duck,  4;  swallow,  7  per  cent. 

Preparation,  or  Cooking  of  Flesh. — As  a  general  rule,  the  flesh  of  jumng  animals,  owing  ti> 
the  sarcolcmma,  connective  tissue,  and  elastic  constituents  being  less  tough,  is  more  tender  and  mart 
easily  digested  than  the  fle^th  of  old  antmals ;  after  flesh  has  been  kept  for  a  time  it  is  more  flriaUt 
and  tender,  as  the  inosit  l>ecome!>  changed  into  sarcolactic  acid  ami  theglycc^n  into  sugar,  ami  ll>U 
again  into  lactic  acid,  whereby  the  elements  of  the  ilesh  undergo  a  kii>d  of  macention.  Fnwlf 
divided  flesh  is  more  digestible  than  when  it  is  eaten  in  targe  pieces.  In  cooking  meal,  the  k«>t 
ou(;ht  not  10  be  too  mtense,  and  ought  not  to  be  continued  \\w  long,  as  the  niuscubr  fibres  ihen'iT 
become  hard  and  shrink  very  much.  Those  pans  arc  most  digestible  which  are  obtained  frtnn  t^ 
centre  of  a  roast  where  they  have  been  heated  to  60°  10  70°  C  ,  as  this  temperature  is  sufficient. 
with  the  aid  of  the  acids  of  the  flesh,  to  change  the  connective  tissue  into  gelatin,  whereljy  the  hbre> 
are  loosened,  so  that  the  gastric  juice  readily  attacks  them.  In  roasting  beef,  apply  heat  siiddenlf 
■I  first,  to  coagulate  a  layer  on  the  surface,  which  prevents  the  exit  of  the  juice. 
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Meat  Soup  is  licst  prepared  by  cutting  the  flesh  into  pieces  and  placing  them  for  several  houn 
in  ooM  wairr.  and  afterward  boiliiiy.  LieUi;  found  that  6  parts  jwr  loo  of  ox  rtcsh  were  dissolved 
by  cold  waier.  When  this  cold  extract  was  boiled,  2.95  pans  were  precipitated  as  coagulated 
albmninf  which  i»  chicily  retnovctl  by  "  skimming,''  so  that  onW  3.05  parts  remain  in  solution.  From 
too  pant  nf  flesh  of  fowl,  S  parta  were  extmcted,  and  of  these  4.7  coagulated  and  3.3  remained 
dtasolved  in  the  soup.  By  boiling  for  a  very  long  time,  pan  of  the  albumin  may  be  rediasolvcd  ( MHlder\, 
Tlie  disv>Ived  substances  are  :  (I)  Jnoi^anic  ^isof  the  meat,  of  which  Sa. 27  per  cent,  pass  into  the 
soap  ;  the  earthy  phosphates  chiefly  remain  In  the  cooked  meat.  (2)  Kreaiin,  kreatinin,  the  inosin- 
atcs  and  lactates  which  give  to  broth  or  beef  tea  their  stimulating  rjualiiies,  and  a  small  amount  of 
aromaiic  CKtractivcs.  (3)  Gcbtin,  more  abun<lantly  extracted  from  the  llcsh  of  young  animnh. 
According  to  these  facts,  therefofe,  De^h,  broih  or  bccf-t?3  is  a  powerful  stimulant,  supplying  muscle 
wMb  restoratives,  but  is  not  a  food  in  the  ordinary  sense  of  the  term,  as  kreattn  [v.  I'oj/)  in  gencml 
leaves  the  boily  unchanged.  The  Rcsh,  especially  if  U  be  cooked  in  a  large  num.  after  the  extrac- 
tion of  the  broth  is  still  available  an  a  food. 

Licbic^'s  Extract  of  Meal  is  an  extract  of  flesh  evapornied  to  a  thick  syrupy  consistence.  It 
OOfMains  no  fat  or  gelatin,  and  is  chiefly  a  solution  of  the  extractives  and  salts  of  flesh. 

[Katract  of  Fish. — A  similar  extract  is  now  prepared  from  fish,  and  such  extract  has  no  fishy 
Havor,  but  pfTScuts  much  the  same  appearance,  odor,  and  properties  as  extract  of  flesh.] 

334.  VEGETABLE  FOODS.— The  nitrogenous  constituents  of  plants 
tan  not  so  easily  absorbed  a-s  animal  food  {I^udner).  Carbohydrates,  starch,  and 
sugar  are  very  completely  absorbed,  and  even  a  not  inconsiderable  proportion  of 
cellulose  may  be  digested  (  U'riske,  Kom'g).  The  more  fats  that  are  contained  in 
the  vegetable  food,  the  less  are  the  carbohydrates  digested  and  absorbed. 

I.  The  cereals  arc  most  important  vegetable  foods;  they  contain  proteids, 
starch,  salts,  atid  water  to  14  per  cent.  The  nitrogenous  glutin  is  most  abundant 
under  Ihc  husk  (Fig.  222,  c).  The  use  of  whole  meal  containing  the  outer  layers 
of  the  grain  is  highly  nutritive,  but  bread  containing  much  bran  is  somewhat  in- 
digestible (Hubmr).     Their  composition  is  the  following  : — 
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is  curious  to  observe  that  soda  is  absent  from  white  wheat,  its  place  being  taken  by  other 

Ikes.      Rye  contains  marc  cetluloke  and  dextrin  than  wheal,  but  less  sugar;  rye  bread  ts  usually 

porous. 

Uic  preparation  of  bread  the  meal  is  kneaded  with  water  until  dough  is  formed,  and  10  it 

salt  and  yeast  (Saccharomycctes  cercvisin:).     When  placed  in  a  warm  oven,  the  prnietds 

'the  meal  bc|^n  to  decompose  and  act  as  a  ferment  npun  the  swullen-up  starch,  which  becomes  in 

changed  into  sugar.     The  sugar  is  further  decomposed  into  CO,  and  alcohol,  the  C(.*j  forms 

ibb1r«,  which  make  the  bread  to  "rise"  and  thus  become  spongy  an<l  porous.     The  alcohol  is 

dnren  off  by  the  baking  (200°),  while  much  soluble  dextrin  is  formed  in  the  crust  of  the  bread. 

[Uul  C(  >j  may  be  set  free  within  the  dough  by  chemical  means  without  yeast  or  leaven,  thus  fornnng 

anfermented  bread.     This  is  done  by  mixing  with  the  dough  an  alkaline  carbonate  and  then 

adding  an  acid.     Baking  powders  consist  of  carbonate  of  sotia  and  tartaric  acid.     In  Dauglish's 

process  for  aerated  brcnrj,the  CO,  is  forced  into  water.and  a  duiigh  is  made  with  this  water  uniler 

prrmirr .  and  when  tlte  dou^^ti  is  heated,  the  CO,  expands  and  forms  the  spongy  bread.     Bread  as 

aa  article  of  food  is  deficient  in  N,  while  it  is  f>oor  in  fats  and  some  salts.     Hence  the  necesnly  for 

mine  some  form  of  fiu  with  it  (butter  or  bacon).] 

^BfOatmcal  contuns  more  nitrogenous  sutistanccs  (gliadin  and  glutin-casein)  than  whcaten  Hour, 

^Bowing  to  the  want  of  adhesive  properties  it  cannot  be  made  into  bread.     The  amount  of  fat  and 

^Bs  is  large.] 

Vs.  The  Pulses  contain  much  alhtmin^  especiaiiy  vi^etabU  <asein  or  legumin  : 
together  with  fttarch^  lecithin,  cholcsterin,  and  9  to  19  per  cent,  water.     Peas 
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coniain  i8.o2  proteids,  and  38.81  starch  ;  beans,  28.54,  and  37.50  ;  lentils,  29,51  • 
and  40,  and  more  celUilosc.  Owing  to  the  absence  of  glulin  they  do  not  roni-» 
dough,  and  bread  cannot  be  prepared  from  them.  On  account  of  the  larg^ 
amount  of  proteids  which  they  contain^  they  are  admirably  adapted  as  food  fo^ 
the  poorer  classes. 

[3.  The  whole  group  of  farEnaceout  substances  used  u  **  pudding  stuffs,"  soch  as  com  Aoor 
arrowroot,  rice,  homiojr,  arc  really  very  largely  composed  of  starchy  sul^tancc.j 

4.  Potatoes  contain  70  to  Si  per  cent,  water.     In  the   fresh,  juicy  ccUuUt 
tissue,  which  has  an  acid  reaction,  from  the  presence  of  phosphoric,  malic,  am 
hydrochloric  acids,  there  is  16  to  23  per  cent,  of  starch,  a. 5  soluble  albumin, _ 
globulin  {ZoiUr),  and  a  trace  of  asparagin.     The  envelopes  of  the  cells  swell  upr 
by  boiling,  and  are  changed  into  sugar  and  gums  by  dilute  acids.     The  poisonoui*- 
sotanin  occurs  in  the  sprouts.     In  100  parts  k^^ potato  ash.  May  found  46.96  potash 
3.41  sodium  chloride,  8. 11  potassium  chloride,  6.50  sulphuric  acid  derived  fror 
burned  proteids,  7.17  silica. 

5.  In  Fruits  the  chief  nutrient  ingredients  are  sugar  and  salts;  the  organ i- 
acids  give  them  their  characteristic  tasie ;  the  gelatinizing  substance  is  the  soluble 
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tc  charmcten  of  wlival  (X  ago),    m,  ceQ*  of  the  hran;  h,  cetl<  of  thin  cuticie; 
cells,   n.  wheat  surch  (X  3»3) 
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Bo-callcd  pectin  (CnH^Ora),  which  can  be  prepared  artificially  by  boiling  tb^ 
very  insoluble  pectoso  of  unriix.*  fruits  and  mulberries. 

6.  Green  Vegetables  arc  esi>ociaHy  rich  in  salts  which  resemble  ib^ 
salts  of  the  blood ;  thus,  dry  salad  contains  23  per  cent,  of  salts  which^ 
closely  resemble  the  salts  of  the  blood.  Of  much  Jess  importance  are  thc^ 
starch,  cell  substance,  dextrin,  sugar,  and  the  small  amount  of  albumin  whlcl^ 
they  contain. 

[V'egetablei  are  chielly  useful  for  the  salts  they  contain,  while  many  of  ihem  are  antiscorbutic-.- 
Their  value  is  attested  by  the  scnous  defects  of  nutrition,  such  as  scurvy,  which  result  when  tbcji^ 
are  not  supplied  in  the  food.  In  Aralc  expeditions  and  in  the  navy,  lime  juice  is  served  00c  ai  a^^ 
antiscorbutic] 

[Preserved  Vegetables. — The  dried  and  compressed  vegetables  of  Messrs.  Otollet  A  Cc 
are  an  excellent  suUsiitute  for  fresh  vegetables,  and  are  used  largely  in  navnl  and  miUiary 
ditio  ns.] 

jUzation  of  Food. — As  regards  what  percentage  of  the  food  swaUowed  i^ 

_we  knitw  that,  stated  broadly,  vegetable  food  is  assimilated  Ic^ 

food  in  man.     Fr.  Hofmann  gives  the  following 
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follnwing  tahir,  abridged  frnm  Parkcs,  showiihc  composiiionof  thechief  ftitidesof  diel^and                ^^^H 

»ed  for  calculating  diet  tables  : — 
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CONDIMENTS,  COFFEE.  TEA,  ALCOHOL.— Some  substances  nrc  used  along 

^1 

k),  not  V,  iiiu<:h  un  acctmnl  of  their  niitnliv-e  prnpcrlies   aft  on   accnunt  of  their  stimulating                   ^^^H 

Mid  a^reeubte  qualities,  which  nre  exerted   partly  upon  (he  organ  of  ta&te  and  partly  u]x)n                 ^^^| 

touf.  system.     These  are  called  condiments.                                                                                            ^^^| 

c.  Tea.  and    Chocolate    arc  prepared   an   infaBion!^  nf  certain  vegetables   [the  tirst  of  the                   ^^^H 

berry,  the  second  of  the  leaves,  and  the  third  of  the  seeds].      The  chief  active  ingredients                 ^^^| 

eciively  caffeln,  thein  (C,tI,^N/>j  -j-  II/>.]  anil  theobromin  (C,tl,N\(>j), which  are                ^^H 

i  0*  alkaloid*  of  tbe  vegelable   luues,  and  which   have  recently  been   prepared    anihcially                   ^^^H 

nthin  |£'.  AriMrrj,     [Ouarana,  or  Braj:ilian  cocoa,  is  made  of  the  seed&  ground  into  a                ^^^| 

the  form  of  a  sausage.     Mate  or  I'arAguay  tea,  the  leaves  of  a  species  of  holly,  arc  used  in                ^^^| 

iiDcrica,  and  so  al»u  is  the  coca  of  the  Andex  (Krythroxylon  Coca).]                                                         ^^^H 
1  ••aJkaloitls  "  occur  as  such  in   the  pbiiits  containing  them ;  they  behave  like  ammonia:                 ^^^| 

(re  an  alftaline  reaction,  and  firm  cry<^u)line  mlis  with  ncids.     All  these  vegetable  bases  act                  ^^^| 

^  powerfully,  or  completely  pnralyze  (morphia,  atropin,  strychnin,  curarin,  nicotm,  mus-                 ^^^| 

kcta. — All  these  substances  act  on  the  nervous  system ;  they  quicken  thought,             ^^M 

fate  movement,  and  stir  one  to  greater  activity.     In  these  respects  they  re-              ^^M 

1  the  stimulating  exlraclives— kreatin  and  kreatinin — of  beef  tea.     Coffee              ^^B 

Ds  about  y^  \>CT  cent,  of  caffein,  part  of  which  is  only  liberated   by  the  act              ^^M 

feting.     Tea  has  6  per  cent,  of  ihein  ;  while  green   tea  contains  i  per  cent.              ^^H 

jil  oil,  and  black  tea  ^  per  cent.  ;  in  green  tea  there  is  iS  per  cenL,in             ^^M 

^m 
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black,  15  per  cent,  tannin  ;  green  tea  yields  about  46  per  cent.,  and  the  black 
scarcely  30  per  cent,  of  extract.  The  inorganic  salts  present  are  also  of  im- 
portance ;  tea  contains  3.03  per  cent,  of  salts,  and  among  these  are  soluble  com- 
pounds of  iron,  manganese,  and  soda  salts.  In  coffee,  which  yields  3.41  per  cent, 
of  ash,  pota.sh  salts  are  most  abundant  ;  in  all  three  substances  the  other  salts  whicb 
occur  in  the  blood  are  also  present. 

Alcoholic  Drinks  owe  their  action  chiefly  to  the  alcohol  which  they  conuin. 
The  alcohol,  when  taken  into  the  body,  undergoes  certain  changes  and  produces 
certain  effects :  (1)  About  95  per  cent,  of  it  is  oxidized  chiefly  into  CO,  and 
HiO,  so  thai  il  is  so  far  a  source  of  heat.  .Vs  it  undergoes  this  change  very  read- 
ily, when  taken  to  a  certain  extent,  il  may  act  as  a  substitute  for  the  consumption 
of  the  tissues  of  the  body,  especially  when  the  amount  of  food  is  insufficient. 
[Hammond  found  that  when  he  lived  on  an  insufficient  amount  of  food,  alcohol, 
if  given  in  a  certain  quantity,  supplied  the  place  of  the  deficiency  of  food,  and  be 
even  gained  in  weight.  If,  however,  sufficient  food  was  taken,  alcohol  was  unnec- 
essary. As  it  interferes  with  oxidation,  and  where  there  is  a  sufficient  amount  of 
other  food,  in  health,  it  is  unnecessary,  for  dietetic  reasons.]  Small  doses  dimin- 
ish the  decomposition  of  the  proteids  to  the  extent  of  6  to  7  per  cent.  Only  a 
very  small  part  of  the  alcohol  is  excreted  in  the  urine  ;  the  odor  of  the  breath  it 
not  due  to  ah;ahol,  but  to  other  volatile  substances  mixed  with  it,  e.  g,^  fusel  oil, 
etc.  (2)  In  small  doses  it  excites,  while  in  large  doses  it  paralyzes  the  ner- 
vous system.  By  its  stimulatmg  qualities  it  excites  to  greater  action,  which, 
however,  is  followed  by  depression.  (3)  It  diminishes  the  sensation  of  hunger. 
{4)  Il  excites  the  vascular  system,  accelerates  the  circulation,  so  that  the  muscles 
and  nerves  are  more  active,  owing  to  the  greater  supply  of  blood.  It  also  give*  rise 
to  a  subjective  feeling  of  warmth.  In  large  doses,  however,  it  paralyzes  the  ves- 
sels, so  that  they  dilate,  and  thus  much  heat  is  given  off  (§  213.  7,  §  227).  The 
action  of  the  heart  also  becomes  affected,  the  puUe  becomes  smaller,  feebler,  and 
more  rapid.  In  high  altitudes  the  action  of  alcohol  is  greatly  diminished,  owing 
to  the  diminished  atmospheric  pressure  whereby  it  is  rapidly  given  off  from  the 
'blood. 

Alcohol  in  small  doses  is  of  great  use  in  conditions  of  temporary  want,  and 
■where  the  food  taken  is  insufficient  in  quantity.  When  alcohol  is  taken  regularly, 
•more  especially  in  large  doses,  it  affects  the  nervous  system,  and  undermines  the 
ipsychical  and  corporeal  faculties,  j)artly  from  the  action  of  the  impurities  which  it 
may  contain,  such  as  fusel  oil.  which  has  a  i>oisonous  effect  upon  the  nervous  sj-s- 
tern,  partly  by  the  direct  effects,  such  as  catarrh  and  inflammation  of  the  digestive 
organs,  which  it  produces,  and  lastly,  by  ils  effect  upon  the  normal  metabolism. 

[The  action  of  alcohol  in  lowering  the  temperature,  even  in  moderate  doses,  is  most  iraportiiO. 
By  dilatinf;  the  ciilaneou&  ve^seU,  it  ihui  permits  of  the  radiating  of  much  heat  from  the  blood. 
When  the  nction  of  alcohol  is  pushed  too  far — and  especially  when  th»  is  combined  with  the  actna 
of  great  cold — its  use  i&  to  be  condemned.] 

[Bruntfin  has  iMinted  out  that,  as  regards  lis  action  on  the  nervous  ayatem,  it  seems  to 
progressive  paralysis,  affecting  the  ncrvoufc  tissues  ••  in  the  inverse  t^-der  of  their  developnwM^' 
highest  centres  being  affected  6r!>l  and  the  lowest  Ia«."     The  judgmtni  is  afleaed  firrt,  allk 
the  imagination  and  "emotions  may  l>e  more  than  usually  active."     The  wcA-r  rf«//^«  And  i/r/*- A 
are  alfectcd,  then  the  cerebellum  is  influenced,  and  afterward  the  cord,  while,  by  and  by,  the 
essential  to  life  are  paraly/cd,  provided  the  dose  he  suHiciently  large.] 

Preparation. — Alcoholic  dnnks  arc  prepared  by  the  fermentation  of  various  carbohyd 
such  as  sugar  derived  from  starch.  Tbe  alcoholic  ferineiitatiun.  such  as  occurs  In  the  maiiufacti 
of  beer,  i»  caused  by  the  devclojnnent  of  the  yeast  plant,  Saccharomycetes  cercvi&iK ;  M-hilc 
the  fermentatioQ  of  the  grape  (wine),  S.  elli[Muideus  is  the  species  present  (Kig.  333).  Che  ye 
takes  the  substances  necessary  for  the  maintenance  of  ils  organic  processes  directly  from  the 
of  the  sugar,  vi/.,  carliohydrates,  proteids  nnd  saltit.  especially  calcium  and  pocassiuns  phosphais^fcO 
and  magnesium  sulphate.  These  sulislanccs  undergo  decomposition  within  the  cells  of  the  yc:^^'' 
plant,  which  multiply  during  the  proce>&,  and  there  ore  |>roduccd  alcohol  and  CO,  (|  ]50|.togc(lt^>'*' 
»-ilh  glycerine  (3.2  lo  3.6  per  cent,)  and  succinic  acid  {0.6  to  0.7  per  cent.).  Vcast  is  either  ad**^ 
intentionally  or  it  reaches  the  mixture  from  (he  air,  which  always  contains  its  sporeSv  When  yc< 
U  completely  excluded,  or  if  II  f>e  killed  by  boiling  [or  if  its  action  be  prevcDted  by  the  prcBcnoe 
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■omc  pcrmiciiic],  the  fcrmeiilation  dv>cs  not  occur.  The  alcoholic  rertnentolion  is  due  lo  the  vital 
activity  of  a  low  organism  (^i  A««)«w,  MituhftlUh,  I'atteut ). 

In  the  prcpftroiion  of  brandy,  the  starch  of  the  grain  or  potatoes  is  first  changed  into  sugar  by 
the  action  of  diaslue  or  maltin.  Vcast  is  added,  anil  fermcniation  thereby  produced  ;  the  mixture 
is  divtilled  at  78.3°  C.  The  fusel  nil  \s  prevented  from  mixing  with  ihc  alcohol  by  passing  the  vapor 
through  heated  charcoal.     The  distillate  contains  50  to  55  per  cent,  of  alcohol. 

In  the  preparation  of  wine,  the  Mccharine  juice  of  the  grape— the  must— after  being  expfessed 
from  the  grapei,  is  cxpused  to  the  air  at  ]o°  to  15°  C,  and  the  yeast  cells,  which  arc  f1f>a(ing  aboDt, 
drnp  into  it  and  excite  fermentation,  which  lasts  ten  to  fourteen  days,  when  the  yeast  sinks  to  the 
htrtt«jm.  The  clear  wine  is  drawn  off  into  casks,  where  it  becomes  turbid  by  undei^^ing  an  after- 
fermentation,  until  the  <^ugar  is  converted  into  alcuhol  and  CO.^,  which  is  accompanied  by  Ine  deposi* 
tion  of  some  yeast  and  tanar.  If  all  ibe  sugar  is  nut  decomposed — which  occurs  when  there  is  not 
suHicienl  nitrogenous  matter  present  to  nourish  the  ycaat— a.  sivitt  xvinf  is  obtained.  Wine  contains 
S9  10  90  per  cent,  water.  7  to  8  per  cent,  alcohol,  together  with  seihylic,  propylic  and  butylic  alcohol. 
1  he  red  color  of  some  wines  is  due  lo  the  coloring  matter  of  the  skin  «f  the  grapes,  but  if  the  skins 
be  remove<l  before  fermentation,  red  grapes  yield  white  wine.  When  wine  is  stored,  it  develops  a 
fine  flavor  or  bouquet.  The  ch8racleri!>uc  vinous  odor  is  due  lo  cenanthic  ether.  The  saitt  of 
wine  closely  resemble  the  sails  of  the  bloo<l. 

In  the  preparation  of  beer  the  grain  is  moistened,  and  allowed  to  germinate,  when  the  tempera- 
lore  rises,  and  the  starch  (65  per  cent,  in  barley)  is  changed  into  sugar.     Thus.  "  malt "  is  funned. 

Fig.  213. 


1.  3. 

9,  3,  ycomt  cctlfr  budding 


;  4,  5,  M>-called  endogenous  farnuilon  of  cdli;  6,  sprouting  uiu 
formation  of  tnids. 


wliich  is  dried,  and  aAerward  pulverized,  and  extracted  with  water  at  70°  to  75*^,  the  watery  extract 
1  icing  the  ■'  wort.''  Hops  are  added  to  the  wort,  and  the  whole  is  evafwrated,  wlicn  llie  proieids  are 
coagulated.  Hops  give  beer  its  bitter  taste,  make  it  keep,  while  Iheir  tannic  acid  precipitates  any 
starch  that  m.ty  l>e  prc?senl,  and  clarifies  the  wort.  After  being  l>oilcd,  it  is  cooled  rapidly  (12''  C.) ; 
jreaat  is  adde*l,  and  fcrraeniation  goes  on  rapidly  and  with  considerable  effervescence  at  10**  to  14*, 
Beer  contains  75  to  95  per  cent,  water;  alcohol,  3  to  5  per  cent,  (poner  and  ale,  to  8  jtcr  cent. 


'2k 


tcr  cent.) ; 
hofn  yield 


CO,.  0.1  to  0.8  per  cent. ;  sugar,  2  to  8  per  cent. ;  gum.  dextrin,  2  la  10  per  cenL  ;  the 
traces  of  protein,  fat,  lactic  acid,  ammonia  compounds,  the  sails  of  the  grain  and  of  the  hops.  In 
the  aah  there  is  a  great  preponderance  of  phosphoric  acid  and  pota-^di,  both  of  which  .ire  of  great 
importance  for  the  fonnation  of  blood.  In  too  parts  of  ash  there  arc  40.S  potash,  20,0  phosphorus, 
amgnesium  phusphate,  20,  calcium  phosphate,  3.6,  silica,  16.6  per  cent.  The  formation  of  blood, 
muscle  and  other  tissues  from  the  consumption  of  beer  is  due  to  the  phosphoric  acid  and  (wtash, 
while  if  too  much  be  taken,  the  potash  produces  faliguc. 

Condiments  at^  taken  with  food,  partly  on  account  of  their  taste,  and  partly 
because  they  excite  secretion.  Common  salt,  in  a  certain  sense,  is  a  condiment. 
We  inay  also  iiiclude  many  substances  of  unknown  constitution  which  act  upon 
the  gustatory  organs,  e.  ^^,  substances  in  the  crust  of  bread  [dextrin]  and  in  meat 
which  has  been  roasted. 
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336.   EQUILIBRIUM   OF  THE   METABOLISM,— n)r  iliis  term  b 

meant  that,  under  normal  physiological  ronditions,  just  a;»  much  matcnal  isalisorlKMi 
and  as-sitnilated  from  the  food  as  is  removed  from  the  body,  by  the  excrriory 
organs,  in  the  form  of  effete  or  end  products,  the  result  of  the  retrogressive  lissoc 
changes.  The  income  must  always  balance  the  expenditure  ;  wherever  a  tissue  is 
used  up,  it  must  be  replaced  by  the  formation  of  new  tissue.  During  the  period 
of  growth,  the  increase  of  the  body  corresponds  to  a  certain  increase  of  fonaa- 
tion,  whereby  the  metabolism  of  the  growing  parts  of  the  body  is  2.5  to  6.3  times 
greater  than  that  of  the  pans  already  formed  {Cntsius),  Conversely,  during 
senile  decay,  there  is  an  excess  of  expenditure  from  the  body. 

Methods. — The  normal  eqitilitirium  nf  the  mcLibolism  of  Ihe  Itotly  is  invcsligotrti — (i)  fiy 
dclennining  cht'tnicaHy  that  tlie  sum  of  all  the  -vulntances  p.issing  into  the  IkhIj'  i<  equal  To  the  nan 
of  all  the  suWtanccs  given  off  frum  ii.  Thu^  Ihe  C,  H,  N,  O.  salts  and  water  uf  the  foe*),  and  ihe 
(!)  inspired,  muAt  l>e  equal  to  Ihe  C,  N,  II,  (.),  .•uills  .ind  wnlrr  given  otf  in  the  excrrta  ^nrine,  fs^co, 
air  expired,  water  excreted).  (2)  Tlie  physiolo^cal  equilibrium  is  detennined  empiricall*  by 
obftcrving  that  the  body  retains  Jl^  normal  u eight  >viih  a  given  diet;  so  that,  hy  simply  weighing  % 
ptrson,  a  physician  is  enabled  to  determine  exactly  the  stale  of  convalescence  of  his  patient,  llie 
tedious  process  of  making  an  elementary  aiiatysia  nf  the  metabcilic  sulnttances  was  first  voder. 
taKen  it»  the  Munich  School  by  v   Biscboff,  v.  V*,»n,  v.  Pettenkofer,  and  others. 

Circulation  of  C. — In  the  circulation  of  materials  Ihe  total  amount  of  C  taken 
in  the  food,  if  the  mctabolii:m  be  in  a  condition  of  physiological  equilibrium, 
roust  be  equaled  by  the  C  in  the  CO^  given  off  by  the  lungs  and  skin  (90  per 
cent.),  together  with  the  rcbtivcly  small  amount  of  C  in  the  organic  excreta  of 
the  urine  and  fxcus  (  10  per  cent.). 

Circulation  of  N. — Ncar/y  aU  the  jV  taken  in  with  the  food  is  excreted  within 
twenty-four  hours  in  the  form  of  urea,  A  ver>'  small  amount  of  nitrogenous 
matter  is  excreted  in  the  fxces,  while  the  other  nitrogenous  urinary  constituents 
(uric  acid.  kreatJnin,  etc.  ]  represent  about  2  per  cent,  of  N.  A  trace  of  the  N 
is  given  off  by  the  breath  (§  124),  and  a  minute  proportion  in  combination, 
in  the  epidermal  scales  (50  milligrammes  daily  in  the  hair  and  nails),  and 
in  the  sweat. 

Deficit  of  N. — That  nearly  all  the  N  taken  in  the  food  reappears  in  the  urine 
and  tKces,  as  was  stated  by  v.  Voit  to  be  the  case  in  the  carnivora,  by  Hennel«rg, 
Stohman,  and  Grouven  in  the  herbivora,  and  v.  Ranke  in  man,  is  contradicted 
partly  by  old  and  partly  by  new  observations,  which  go  to  show  that  the  whole  of 
the  N  cannot  be  recovered  from  these  excretions,  but  on  the  contrary  there  is  a 
considerable  deficit. 

According  to  t.eo,  only  0.55  per  cent,  of  the  albumin  Ininkfonned  within  ihc  txxly  (Msumtng  15 
per  cent.  N.  in  alLjuinin)  gives  ofT  ii!»  N  in  the  form  of  gaseous  N  {according  to  Scegen  oad  r^oink 
12  linicb  more}.  In  every  exact  analysis  of  the  mctabo'ism  of  N  this  gaseous  excretion  of  N  HUt 
Iw  taken  inio  nccttunt. 

The  Excretion  of  N  after  food  docs  not  lake  ])lacc  regularly  from  hour  to  hour,  hut  it  incraMi 
at  once  and  distinctly,  reaches  its  maximum  in  tivc  to  six  hours,  and  then  grt^dually  falls,  Tbe  laM 
ii  true  of  the  excreliun  of  S  and  P ;  but  in  these  case)>  the  maximum  of  excreii<m  is  reached  itt^ 
fourth  hour.  When  fat  is  added  to  a  diet  of  lle^h,  the  excretion  of  K  and  S  is  uniformly  diMriM^ 
over  the  indindual  hnurs  of  Ihc  day  (;•.  Voit  and  /•^rr). 

The  nitrogenous  constituents  in  the  body  during  metalmliiim  become  poorer  in  C,  and  rfchcJ  r»  N 
and  <>.    Thus  in  albumin  to  1  atom  of  N  (here  are  4  atoms  C;  in  geUlin.  3>^  C;  in  glycocoll, 


a  C ;  in  kreattn,  1  k,  C  ;  in  uric  acid,  i  J4  C 


,  in  altantoin, 
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The  H  leaves  the  body  chiefly  in  the  form  of  water — a  part,  however,  is  in  the 
combination  in  other  excreta  ;  the  O  is  chiefly  excreted  as  CO,  and  water ;  a  little 
is  given  off  in  combination  in  other  excreta  ;  water  is  given  off  by  evaporation 
from  the  lungs  and  skin,  and  also  in  the  urine  and  fa:res.  As  H  is  oxidi/ed  to 
form  HjO,  more  water  is  excreted  than  is  taken  in.  With  regard  to  the  salts, 
most  of  the  rcadiiy  soluble  salts  are  given  off  by  the  urine  ;  the  less  soluble  salts, 
especially  those  of  potash^  and  the  insoluble  salts,  in  the  feces ;  while  others  e.  g,, 
common  salt,  are  given  off  in  the  sweat.  Of  the  sulphur  of  albumin,  about  one- 
half  is  excreted  in  the  sulphur  compounds  in  the  urine,  and  the  other  half  in  the 
ces  (taurin),  and  in  the  epidermal  tissues. 

Every  organism  has  a  xninimum  and  a  maximum  limit  of  metabolism, 
cording  to  the  amount  of  work  done  by  the  body,  and  its  weight.  If  less  foud 
be  given  than  is  necessary  to  maintain  the  former,  the  body  loses  weight;  while, 
if  more  be  given  after  the  maximum  limit  is  reached,  the  food  so  given  is  not 
absorbed,  but  remains  as  a  floatmg  balance,  and  is  given  off  with  the  f:cces.  When 
foud  is  liberally  supplied  and  the  weight  increases,  of  course  the  minimum  limit 
rises;  hence,  during  the  process  of  "feeding"  or  "fattening,"  the  amount  of 
foixl  necessary  is  very  much  greater  than  in  poorly  fed  animals,  for  the  same 
increa.sc  of  the  body  weight.  By  continuing  the  process,  a  condition  is  at  la^t 
reached,  in  which  the  digestive  organs  are  just  sufficient  to  maintain  the  existing 
condition,  but  cannot  act  so  as  to  admit  of  new  additions  being  made  to  the  body 
weight  {v.  Bischoff,  v.   Voii,  ?'.  Pfttfnkoftr). 

By  the  term  "  luxus  consumption  "  is  meant  the  direct  combustion  or  oxi- 
lion  of  the  supcrrtuous  food  stuffs  alsorbed  into  the  blood.  This,  however,  does 
oi  exist  ;  on  the  contrary,  the  material  in  the  jtiices  is  always  being  used  for 
building  up  the  tissues.  The  albumin  found  in  the  fluids  which  everywhere  per- 
meate the  tissues  has  been  called  **  circulating  albumin,"  and  according  to 
V.  Voit  it  underj;ocs  decomposition  sooner  than  the  organized  *'  organic  albu- 
min" which  forms  an  integral  |xirt  of  the  tissues. 

[Li«big  uu(;lit  thm  the  niiroKCUous  nictaboliun  of  the  body  (Ic^kdiIcJ  on  a  corresixinilifiiir  decom* 

poiiitioQ  of  the  protciils  of  the  organs,  so  that  the  protcids  in  itie  food  supplied  ihe  place  of  the 

protcidt  uf  tlic  oigaii^  thus  lucd  up.     He  called  the  protetdtt  "  plastic  foods  "  or  "  tiasue  for. 

mere,"  while  he  rq^tnlei  ihe  fuis  and  carbohydrates  lu  respiratory  foods,"  as  he  sup|x>M:d  thst 

they  alone  were  concerned  in  the  evoluiion  of  heal.     As  a  in.ittcr  of  faa,  experiment  proved  that 

tbe  N  mrtatjolism  ts  to  a  large  extent   independent  of  the  proteids  of  the  food.     'Die   luxavcon* 

sampiion  theory  was  invented  lo  explain  ihi».     It  simply  meanv,  that  proteids  ukcfi  uith  the  food 

not  oiUy  replace  the  amount  of  proteids  which  have  been  ilecomposed  during  the  aciiviiy  nf  urgant 

txnK  tiiaucs.  tnit  any  excess  is  immediately  consumed  without  being  converted  into  tissue,  and  ihuit 

tiii^.  -.iKi/,,..  amuuni  giving  rise  tu  heal,  being  uxidi/ed,  to  a  certain  extent  it  replaced  the  fuis  and 

:cs.     Hut  Voit  showed  that  nitro^jenous  metabolism  is  not  influenced  by  the  activity  of 

t  III,  and  he  proved  that  in  ordinary  conditions  only  a  small  amount  uf  the  organic  albumin, 

i.  r..  timt  <umpo*>ing  tissues  and  organs,  undergoes  decomposition,  while,  owing  to  the  action  of  tbe 

cellular  elements  of  the  tissues,  a  large  amoani  of  the  circulating  albumin  is  split  up,  sn  that  under 

iry  cunditrons  ihc  organic  albumin  is  comparatively  stable.     This  he  <!cmun^iratcd  from  a 

nson  of  the  •urea  excreted,  for  the  urea  maybe  taken  as  an  index  of  (he  N  metabolism 

1  fed.  fasting,  and  starving  animals.     Ilui  in  certain  pathological  conditions  the  organic 

ci   may  undergo  rapid    ctuingc,   having    become    less   stable,   as   in    fevers,  and    potaonii^ 

j.hosphoruA.J 

According  to  v.  Voit  only  i  per  cent,  of  the  organic  albumin  present  in  the 
body,  while  70  per  cent,  of  the  circulating  albumin,  is  transferred  in  twenty-four 
hours. 

Quality  and  Quantity  of  the  Income  in  a  Healthy  Adult. — As  far  as 
his  urgani/.ation  is  concerned,  man  belongs  to  the  omnivorous  animals,  /.  ^., 
ihose  that  can  live  upon  a  mixed  diet. 

For  an  adequate  diet  man  requires  for  his  existence  and  to  maintain  health  a 
foixture  of  the  following  four  chief  groups  of  food  stuffs,  along  with  the  necessary 
Telkshe»;  none  of  them  mu^it  be  absent  from  the  food  for  any  length  of  time. 
JThey  arc  : — 
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REQUISITES   FOR  A  PERFECT  DIET- 


i.  Water — for  an  adult,  in  his  food  and  drink,  2700  to  2800  grmsj.  [70  to  90 
02.]  daily  (§  239  and  §  347,  i). 

[Thirst. — Tlic  needs  or  ilie  economy  for  water  nre  expressed  by  the  wnsaiion  of  ihir«i.  Tfct 
sensation  of  heat  and  dr>-ness  may  be  confined  to  the  tongue,  mouth,  and  fauces,  and,  iod«ed,  tmiy 
be  excited  by  inhaling  dry  air.  This  local  thirst  may  be  allayed  by  swallowing  water  or  bf  cMiof 
substances  which  excite  the  t^cretion  of  salivK.  More  fre'juenlly,  however,  the  Knaatioa  ts  the 
expression  of  a  general  condition  indicating  the  diminution  of  water  in  the  tissues  ;  or  it  may  be  die 
to  cxcesji  of  laline  malten  in  the  blood.  In  some  di&ca.scs  this  icn»ation  i&  very  intetue,  ''•^•.  dia- 
betes, and  there  seems  to  be  a  thiirt  centre  in  the  brain  [XotAnag^il).  If  water  be  injeciei]  iolo  the 
blood  vessels,  or  slontacrh,  hoih  the  general  and  local  thirst  are  atwlished,  even  although  no  wnet 
cnlen  the  muuth  In  some  diseased  conditions  the  iiensalion  of  thirst  is  not  perceived,  owin|;  to 
the  diminutiuii  of  the  excitabiliiy  of  the  percc[>tivc  centre,  ami  in  some  cases  excessive  thine  u 
complained  of  even  although  the  liody  does  not  seem  to  be  unduly  deficient  in  fluids.] 

2.  Inorganic  Substances  are  the  integral  part  of  all  tissues,  and  without 
them  the  tissues  cannot  be  formed.  They  occur  in  ordinary  food.  The  addition 
of  too  much  salt  increases  the  consumption  of  water,  and  this  in  turn  increases 
the  transformation  of  N  in  the  body  ( IVeiskc),  If  an  animal  be  deprived  of  salts, 
nutrition  is  interfered  with  ;  food  deprived  of  its  lime  affects  the  formation  of  the 
bones;  deprival  of  common  salts  causes  albuminuria  (§  247,  A,  III).  The  alkaline 
salts  serve  to  neutralize  the  sulphuric  acid  formed  by  the  oxidation  of  the  sulphur 
of  the  proteids  {E.  Salkawski).  Iron,  which  is  so  essential  for  the  formation  of 
blood,  exists  in  animals  and  plants  in  combination  with  complex  organic  bodies 
{Bunge). 

[The  uses  of  mineral  salts  are  referred  to  In  |  247,  A.  Salts  form  an  essential  ingredient  ia 
soups  and  broth.  Sotnc  salts  exist  in  combination  with  the  oi^nized  ttssncs,  while  others  vc 
merely  dissolved  In  the  fluids.     Forster  thinks  that  it  is  the  latter  which  arc  chiefly  excreted.] 

Only  in  times  of  famine  is  man  driven  to  eat  large  quantities  of  inorganic  sut>s»ance»,  to  eatnct 
the  organic  matter  mixed  therewith.  A.  v.  HumMdl  states,  in  regard  to  the  inhaUtants  of  the 
Orinoco,  that  they  cat  a  kind  of  earth  which  contains  innumerable  infusoiia. 

3.  At  least  one  animal  or  vegetable  albununous  body  or  proteid  (§§  348,  d$o). 
The  proteids  arc  required  to  replace  the  used>up  nitrogenous  tissues,  e.  /.,  for 
muscles.     They  contain  15.4  to  16.5  per  cent.  N. 

The  proteids  are  in  blood  =  20.56  jier  cent.;  muscles,  ig.9  per  cent.;  Hver,  11-74  per  ceni. : 
brain,  8.63  per  cent.;  blood  plasma,  7.5  per  cent.;  milk,  3.94  per  cent.;  lymph,  3.46  per  eeoL 
According  to  PflUger  and  BohUnd,  a  youth  of  full  stature,  and  63  kilos.  [136  tbs],  decoropoaea 
89.9  grms.  of  albumin  daily. 

Aspamgin,  in  combination  with  gelatin,  can  replace  albumin  in  the  food  {IVfijti)^  while  aspirt- 
gin  alone  limits  the  decomposition  of  albumin  in  bcrbivoia  but  not  in  camivon  (J.  MmmJk). 
Ammoniacal  salts,  ^lycocoll,  sarkosin,  atid  benzamid,  increase  the  amount  of  albumin  in  the  body. 

4.  At  least  one  fat  (§  251),  or  a  digestible  carbohydrate  (§  252).  These 
chiefly  serve  to  replace  the  transformed  fats  and  non-nitrogenous  constituents. 
Owing  to  the  large  amount  of  C  which  they  contain,  when  they  undergo  oxida* 
tion,  they  form  the  chief  source  of  the  heat  of  the  body  (§  206).  Fats  and  car- 
bohydrates may  replace  each  other  in  the  food,  and  in  inverse  .proportion  loo, 
corresponding  to  the  amount  of  C  which  each  contains.  As  far  as  the  mere  evo- 
lution of  heat  is  concerned,  100  parts  of  fat  =  256  of  grape  sugar  =  234  of  catw 
sugar  ^  221  of  dry  starch  (J^u^ner).  A  man  consumes  210  grms.  fat  daily 
(v.  Voii  and  V.  Peftenkofer).  According  to  v.  Voit,  in  the  economy  175  parti  if 
starch  by  weight  are  equal  to  1 00  parts  of/at. 

[5.  Every  proper  diet  ought  to  have  a  certain  degree  of  sapidity  or  flavor. 
The  substances  which  give  this  are  not  useful  in  the  evolution  of  energy  or  build- 
ing up  the  tissues,  but  they  stimulate  the  nervous  system  and  excite  secrttion- 
They  are  called  '*  Genussmittel  "  (means  of  enjoying  food)  by  the  Germans,  but 
we  have  no  exact  equivalent  for  this  word  in  English,  though  the  articles  them- 
selves are  included  under  our  expression  "condiments."  These  substances  ire 
the  aromatic  matter  in  roast  meat  (osmasoine),  tea,  vinegar,  salt,  mustard,  l>epp^- 
etc.] 
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[Condition  of  Diet  for  Health. — In  an  adequate  diet,  not  only  (i)  should 
Ihe  total  quantity  be  sufficient  and  not  more  than  sufficient,  but  (a)  the  constitu- 
ents should  exist  in  proper  proportions,  (^)  be  digestible,  and  (4)  the  whole 
should  be  in  good  condition,  wholesome,  and  not  adulterated  with  any  substance 
prejudicial  to  health.] 

Fio.  224. 

EXPLAKATION  OF  THE  SIGNS. 


W«lcr. 


Prolciilt. 


811111111 

AitNUBinoitis.       N-free  org,  bodien. 


Ilw£ 


9^mL 


Caw'tmak. 


HumsB  ^ilk. 


( 

62 

;      ^2-■•\^].       i.,    ij 

1 

&5 

2 

1 

73 

K  .1  ■    mi 

76 

I^Bd  m'I 

7S,5 

^m   ^^  1 

I 

8« 

Il^jlA 

1 

S9 

mm 

Animal  F<>«rt«, 
KXPLANATION   OP  THK  SIGNS. 


^^<^~Aafr^Jky 


Pr^wids.  Dffnlfbl*.  Nim-ttlgettiUe. 

N-frcc  nfnanic  Iwdica. 


Canliiowcr. 


80 


90 


Vcfcuibte  Foods. 


§11 


«■-■ 


Relative  Proportion. — With  regard  to  the  relatrne proportiom  of  the  various 

^Ainds  of  food  which  ought  to  be  taken,  experience  has  shown   that   the  diet  best 

^(suited  for  the  body  must  contain  i  part  of  nitrogenous  foods  to  3^  or,  at  most,  \y^ 

of  the  non-nitrogenoui.     Looking  at  ordinary  foods  from  this  point  of  view,  we  see 

how  far  they  correspond  to  this  requirement,  and  how  several  substances  may  be 

combined  to  produce  a  satisfactory  diet. 
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DAILV  QUANTITY  OF  FOOD  REQUIRED. 


1.  V'cal 10 

2.  Hare's  flesh   ...  10 

3.  Beef 10 

4.  Lentils 10 

5.  Beaiu 10 

6.  Peas 10 


7.  Mutton     ....  10 

8.  Pork 10 

9.  Cow's  milk    .    ,  10 

10.  Human  milk    .    .  10 

11.  Wheaten  flour.  10 

12.  (.Oatmeal   ....  10 


13.  Rye  meal     ...  10 

14.  Barley  meal     .   .  10 

15.  White  potatoes    .  10 

16.  Blue  •*         .  10 

17.  Rice 10 

t8.  Buckwbe«t  meal.  10 


Non- 
Nil. 
1 

2 

t? 
31 
32 

23 

An  exuniiimtiuti  of  ibis  table  sihows  ihnt,  in  addition  to  human  milk,  whent  flour  ba«  the  n|M 
proponion  of  nitrogenous  to  non -nitrogenous  sul»lances.  A  man  who  tries  to  nourish  himMlf  <>& 
beef  alone,  commits  as  great  a  ml&takc  as  one  who  would  feed  himself  wtth  poiaiDci  alpw 
Kx]jeneiice  has  lauf^ht  people  that  man  may  live  upon  milk  and  e^s,  but  that  in  addiiton  to  dait 
we  must  cat  \»tcad  or  potatoes,  while  pulses  require  fat  or  bacon. 

Effect  of  Cold. — The  did  varies  with  the  climate  and  with  the  season  of  the  year.  Atibi 
nrgnnism  must  produce  more  heat  In  cold  latitudes,  the  inhal>itants  of  northern  climates  mttit  at 
more  non-nilrn^enouK  focHls,  such  as  fats  and  sugar  or  starches,  ^rhtcb,  on  account  of  the  latjc 
amount  of  C  they  coniain,  are  admirably  adapted  (or  producing  heat  ($  214, 1.  41. 

The  graphic  representation  of  the  composition  of  foods  (Fig.  224),  taken  from 
Fick,  shows  at  once  the  relative  proportions  of  the  most  important  food  simTs, 
and  how  they  vary  from  the  standard  of  1  nitrogenous  to  ^yj  or  4^4  non  nitro- 
genous. 

The  absolute  amount  of  food  stuffs  required  by  an  adult  in  twenty-four  hours 
depends  ui)on  a  variety  of  conditions.  As  the  food  represenis  the  chemical 
reservoir  of  potential  energy,  from  which  the  kinetic  energy  (in  its  various  forms"* 
and  the  heat  of  the  body  arc  obtained,  the  absolute  amount  of  food  must  be 
increased  when  the  body  loses  more  heat,  as  in  winter,  and  when  more  musLul»T- 
activity  (work)  is  accomplished.  As  a  general  rule,  an  aduii  reqta'res  daily  13^ 
grammes  protcids,  84  grammes  fats,  404  grammes  carbohydrates. 

The  following  tables  express  the  mean  of  numerous  single  observations: — 

A  Healthy  Adijlt  Requires  in  34  Houbs,  of  Water-free  solidi 


Food  In  Craranet. 

AtR«t. 

Moderate  Work. 
{AhUtcAMt.) 

LaborioiM  Wotfc^                    1 

(/•JlttrtMV.) 

(0. /WfrMwOr*' 

Pioteids,  . 

70.S7 

J40.20 
14.00 

X30 
84 

404 
30 

15592 

70.87 

567.50 

AjQJOQ 

»37 

40 

Fsu 

Carbohydrates  (Sugar.  Starch,  etc.)  . 
Salts 

[When  we  record  these  numbers  in  ounces  we  get  the  following  results 
water-free  solids  required  by  any  average  man  {Parkes) : — 


Protdds 

Fall .  • 

Carbohydrates  ,  .   .   . 

Sails . 

Total  water-free  food 


Ai  Rett. 


[6.0 


Ordiury  Wofk. 


23.0 


6to  7 

3  5«»    4  5 
16  to  18 
I.Jttt    I  s__ 

1677  »»  Jl^    I 


During  ordinary  work  the  proportion  is  about : — 

Proteids,  1  :   fats,  0.6:  carbohydrates,  3.0, 
i.e.,  I  Nitrogenous  to  3.6  non-nitrogenous.] 

[In  a  diet  for  ordinary  work  (23  oz.  of  *//>  solids)  a  man  takes  about  tJ^  part  of 
his  own  weight  daily ;  ordinary  food t  however,  as  it  is  consumed,  contains  beiwceD 
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60  per  cent,  of  water  ;  if  we  add  this  proportion  of  water  to  the  actiially 
id  we  yei  48  to  60  oz.  of  ordinary  food  (exclusive  of  liquids).  But  we 
De  50  to  80  oz.  of  water  in  some  liquid  form,  making  the  total  amount  of 
JO  to  90  oz.  {ParJtrifs).'\ 

uialogoiu  example  frnm  Vierordt,  the  elctnenlary  nibttances  in  the  food  ore  given  ({  315, 
compared  with  the  income  and  expeoditure. 

An  AmiLT  DOING  A  MonKXATB  AMOt;NT  OK  Work  takes  in: — 


(immcs  albuinin,  containing 

"         fats, 
'  "         Korch. 


64.18 

70.20 
146.82 


H. 


1S.8S 


28.J4 

9-54 

i62.«5 


28i.ao       39*>9       i^SS  ,  200.73 


Add    744.11  gmt.  O  from  the  air  by  respiration. 
"     2818         "     H,0. 
I  **        32         '*    Inorganic  compounds  (salts). 

whole  is  equal  to  3^  kilos  [7  tbs.],  /.  e.,  about  ^  of  the  body  weight  ;  so 
wut  6  per  cent,  of  the  water,  about  6  per  cent,  of  the  fat,  about  i  per  cent. 
t\,  and  about  0.4  per  cent,  of  the  salts  of  the  body  are  daily  tran:>formed 
the  organism. 

An  Adult  ixjinc  Mopi&itATE  Work  gives  off,  in  grammes; — 


1 

*"•'■ 

c. 

H. 

N 

0. 

piratlon 

330 

660 

1700 

128 

248.8 

2.0 

9.8 

ao.o 

-    ■ 

3.0 

? 

I5.S 
3.0 

■ 

,2.0 

ration .    .                   ... 

2818 

30I.2 

6.3 

18.8 

681.45 

to  this  (besides  2818  grammes  water,  as  drinlc)  296  grammes  water  fonned  in  the  body  by 
{atioa  of  H.  These  296  gxammcs  of  water  contain  3289  granmies  H,  and  263.41  grammes 
jrammes  of  sails  arc  given  off  in  the  urine,  and  6  by  the  Hvces. 

JCt  of  Age. — The  investigations  of  the  Munich  School  have  shown  that  the 
ing  numbers  represent  the  minimum  amount  of  food  necessary  for  dif- 
ages:— 


Age 


1  untn  I  }4  yfara   .   .    .   , 

from  six  to  fifteen  ycant 

(modcnue  work)  .    .    .   . 

tan 

(nan 

•roman 


Nttrasenouft. 

20-36 

70-80 

pms. 

lis 

92 

loo 

80 

FoL 


31V45  gims. 
37-50     " 
50       •• 

44       " 

68 

50       " 


Cubohydntct. 


60-90  grms. 
250-400  •• 
500      •• 
400      " 

350      " 
260       " 


only  do  muscular  movements  imd  age  inHuence  the  amonnt  of  food  taken,  but  climate  and 
lal  pecuhnrtties,  sucli  as  size  and  the  activity  uf  ccrtnin  organs,  alao  ailect  it.1 
I  animal&  have  a  mure  lively  meiat>olisni  than  lut^c  ona  (/fefnau// anJ  fifiirf).  In  small 
the  decomposition  of  albumin  per  unit  weight  of  body  is  greater  than  in  large  animals 
).  Sntall  animals,  as  a  rule,  consume  more  protcids  than  larger  unci,  because  they  gcnerallj 
IS  bodily  fat  {A'tt&ti^r). 
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METABOLISM   DURING    HUNGER   AND   STARVATION. 


Relation  of  N  to  C. — In  most  of  the  ordinary  articles  of  diet,  nitrogenoin 

and  non-nitrogenous  substances  are  present,  but  in  very  varying  proportion,  io 
the  different  foods.  Man  requires  that  these  shall  be  in  the  proportion  of  i  :  3*^ 
to  I  :  4^. 

If  food  be  taken  in  which  this  proportion  is  not  observed,  in  order  to  obtain 
the  necessary  amount  of  that  substance  which  is  contained  in  too  small  pro|K>nioij 
in  his  food,  he  must  consume  far  too  much  food.  Moleschott  finds  that  a  person, 
in  order  to  obtain  the  130  grammes  of  proteids  necessary,  must  use 

Cheese 338  grms. 

Lentili 49 »    " 

Peaa 5S2    •' 


Beef 6r4  grins. 

Egg* 968    " 

WTieat  bread  .    .    1444    " 


Rice 356s  {rau. 

Rye  bread     .    ,    .  2875    " 
Potatoes     .    .    ,   10,000    ** 


provided  he  were  to  take  only  one  of  these  substances  as  food  ;  so  that  it  is  per- 
fectly obvious  that,  if  a  workman  were  to  live  on  potatoes  alone,  in  order  to  get 
the  necessary  amount  of  N,  he  would  have  fo  consume  an  altogether  prepostenm 
amount  of  this  kind  of  food. 

To  obtain  the  44B  grammes  of  carbohydrates,  or  the  equivalent  amount  of 
fat  necessary  to  support  him,  a  man  mu^^t  eat 


Rice 572  gnus. 

Wheat  bread    .    .    .  626    ** 
LentUi 806   " 


Teas 819  gnns. 

Eggs 902    *' 

Rye  bread  ....  930     " 


Cheese aoi  i  gtm 

Potatoes    ....  aoj9    ** 
Beef M61    " 


so  that  if  he  were  to  live  upon  cheese  or  flesh  alone,  he  would  require  to  cat  in 
enormous  amount  of  these  substances. 

In  the  case  of  the  herbivora,  ihe  prapnrlion  of  nitrogenous  to  non-nitrogenoiu  food  oeeoary  ii 
I  of  tlic  funnel  tu  S  ur  9  parts  of  the  latter. 

337.  METABOLISM  DURING  HUNGER  AND  STARVATION. 

— If  a  warm-blooded  animal  be  deprived  of  all  food,  it  must,  in  order  to 
maintain  the  temperature  of  its  body  and  to  produce  the  necessary  amount  of  me- 
chanical work,  transform  and  utilize  the  amount  of  potential  energy  of  the  con- 
stituents of  its  own  body.  The  result  is  that  its  body  weight  diminishes  from 
day  to  day,  until  death  occurs  from  starvation. 

The  following  table,  from  bidder  and  Schmidt,  shows  the  amounts  of  the  different  excreta  in  the 
case  of  a  starved  cat :— 


Day. 

Bodv 
Welc&i, 

Water 

lakM. 

Urin*. 

Una. 

Inorganic 

Suhatancd 

in  Urine. 

Dry 

FiBCU. 

ExDitcd 

Waifrh 

I. 

2464 

98 

7-9 

'oi 

i.a 

139 

9M 

3v 

3297 
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ost  1197  grms.  in  weight  before  it  died,  and  this  amount  is  apportioned 
wing  way:  204.43  grms.  (  =  17.01  per  cent.)  loss  of  albumin; 
( =  11.05  P*'  cent.)  loss  of  fat ;  863.82  grms.  loss  of  water  (^ 
mt.  of  ihe  total  body  weight). 

-In  order  to  investigate  the  condition  of  inanition  it  is  necessary — (1)  to  weigh  the 
(a)  tn  estimate  daily  all  the  C  and  N  given  otr  from  the  bo<1y  in  the  farces/uriuc  and 
rbc  N  and  C,  of  course,  can  otily  be  obtained  from  the  dccompositbn  of  tiisuei  cou- 

general  phenoraena  of  inanition,  it  is  Tound  that  strong,  well-nourished  dogs  die 
man  aflcr  21-24  'iaya  (j1/o/cji-<*(>//)— (6  rot-lancholics  who  look  water  died  after  41 
nammaU  and  birds,  9  days,  and  fro^s  9  months.  Vij;oious  adulLs  die  when  they 
ir  body  weight,  but  young  individuals  die  much  sooner  than  aduli*.  The  symptoms 
rbe  mouth  i$  dry,  the  walls  of  the  alimentary  canal  hecome  thin,  and  the  digestive 
le  lo  he  formed  :  pulse  hcatA  and  respirations  arc  fewer;  urine  very  acid  from  the 
I  increased  amount  of  sulphuric  and  phnsphoric  acids,  while  the  chlurine  compuundd 
lb  and  almost  disappear.  The  blood  contains  less  water  and  the  plasma  lest  albumin, 
tr  is  distended,  which  indicates  a  continuous  decomposition  of  btoott  coqmsclcs  within 
e  liver  is  small  and  very  dark-colored,  the  muscles  are  very  brittle  and  dry,  so  that 
muu.u1ar  weakness,  and  death  occurs,  with  the  3i|*ns  of  threat  depression  and  coma. 
a(  the  melaltolism  are  giv*n  in  the  fore|*oing  table,  the  diminution  in  the  excretion  of 
;reatcr  than  that  of  CO,,  which  is  due  to  a  larger  amount  of  fats  than  proleids  being 

^  to  the  calculation,  there  is  daily  a  tolerably  constant  amount  of  fat 
iile,  as  the  starvation  continues,  (he  proteids  are  decomposed  in  much 
unts  from  day  to  day,  although  the  drinking  of  water  accelerates  their 
ion.  The  excretion  of  CO,,  therefore,  falls  more  slowly  than  the  total 
t,  so  that  the  unit  weight  of  the  living  animal  from  day  to  day  may 
in  increased  production  of  CO,.  The  amount  of  O  consumed  de|)ends, 
upon  the  oxidation  of  proteids  (which  require  less  O),  and  of  fats 
lire  more  O). 

10  D.  Finkler,  starving  animals  consume  nearly  as  much  O  ts  well-nourished  animals, 
iwfff  of  oxidation  is  scarcely  altered  <luring  inanition.  Corresponding  to  this,  the  tern- 
starving  animal  is  tlie  same  as  normal.  The  rcspiratury  quotient  1 3  134)  then  falls 
7,  and  the  excretion  of  CO,  diminLshes  more  rapidly  than  the  consumption  of  O.  It 
)ng.  however,  to  conclude,  from  the  diminished  excretion  of  CO^,  that  the  oxidation 
nished,  as  the  simultaneous  consumption  of  O  is  the  only  guide  to  the  energy  of  the 
Aft  starving  animals  use  up  Ihcir  own  flesh  and  fat,  they  form  less  CO,  than  well- 
ftals,  which  oxidize  carbohydrates  chiefly. 

iWeight  of  Organs. — It  is  of  importance  to  determine  to  what  extent 
ual  organs  and  tissues  lose  weight ;  some  undergo  simple  loss  of  weight, 
anes,  the  fat  imdergoes  very  considerable  and  rapid  decomposition, 
organs,  as  the  heart,  undergo  little  change,  because  they  seem  to  be 
riih  themselves  from  the  transformation  products  of  other  tissues. 

'  cat,  according  to  v.  Vott,  lost — 
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ery  important  difference  according  as  the  animals  before  inanition 
fed  freely  on  flesh  and  fat   [/.  e.,  if  they  have  a  surplus  store  of  food 
naelves],  or  as  they  have  merely  had  a  subsistence  diet.     Well-fed  ani- 
Ight  much  more  rapidly  during  the  first  few  days  than  on  the  later 
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days.  V.  Voit  ihinks  that  the  albumin  derived  from  the  excess  of  food  ocrunio 
a  state  of  loow.' combination  in  the  body  as  "circulating  "  or  ^'  storage  aif<umn^* 
so  that  during  hunger  it  must  decompose  more  readily  and  to  a  greater  extent  ihu 
the  '*  organic  albumin,"  which  forms  an  integral  part  of  the  tissues  (§  336'. 
Further,  in  fat  individuals,  the  decomposition  of  fat  is  much  greater  than  in 
slender  persons. 

238.  METABOLISM  ON  A  PURELY  FLESH  DIET— ALBU- 
MIN OR  GELATIN,  PROTEID  METABOLISM.— A  man  is  not  ible 
to  maintain  his  metabolism  in  equilibrium  on  a  purely  flesh  diet ;  if  he  were  com- 
pelled to  live  on  such  a  diet,  he  would  succumb.  The  reason  is  obvious.  In  be«f, 
the  proportion  of  nitrogenous  to  non-nitrogeuous  elementary  constituents  of  food 
is  I  :  r.7  (p.  392),  A  healthy  person  excretes  280  grammes  [8  to  9  ox.]  of  carbon, 
in  the  form  of  CO,,  in  the  expired  air,  and  in  the  urine  and  ficces.  If  a  man  i« 
to  obtain  280  grammes  C  from  a  flesh  diet,  he  must  consume — digest  and  assimilate 
— more  than  3  kilos.  [4.4  lbs.]  of  beef  in  twenty-four  hours.  But  our  digestive 
organs  are  unequal  to  this  task  for  any  length  of  time.  The  person  is  soon 
obliged  to  take  less  beef,  which  would  necessitate  the  using  of  his  own  tissues,  it 
5rst  the  fatty  parts  and  afterward  the  proteid  substances. 

A  carnivorous  animal  (dog),  whose  (li)>e(itivc  apparatus,  being  tpcciolly  adA{.>ted  for  lhe<lt^ 
lian  nf  Hcsh,  hiu  .1  <ihnrt  intestine  and  powerfully  active  difrcslive  tlu'tls,  r.in  only  maintain  ilt  incU 
bulism  in  a  »t.'Ue  of  cctuililtrium  when  fed  on  a  t1«>«h  diet  free  from  fat,  provideil  its  Ijody  U  alroilf 
well  supplied  with  fht,  and  is  mu^cuUr.  It  consumes  ^^  to  ,}^  part  of  the  weight  of  its  bodjriB 
Hcsh.  so  that  the  excretion  of  urea  increases  enormously.  If  it  eats  a  larger  amount,  it  nut  "yM 
on  flc5h,"  when,  of  course,  it  Tci)uirc!»  to  eat  more  to  maintain  itfclf  m  this  cnnditian,  nnlest  lite  Ita4 
of  its  digestive  activity  is  reached.  If  a  wcU  nourished  dog  is  fed  on  less  than  -^  to  ,'g  of  usMt 
weight  of  fleah.  it  uses  patt  of  its  own  fat  ami  muscle,  gtadtially  dinitni<^es  in  weight,  and  dii- 
malcly  *uccumlw.  Poorly-fed  non-mnscular  dogs  arc  unable  from  the  very  l»eginnin2  to  tnainitttt 
their  metalx>Iism  in  equilibrium  for  any  length  of  time  on  a  purely  flesh  diet,  as  they  must  eaiw 
large  a  ijuantity  of  flesh  thai  iheir  digestive  organs  cinoot  digest  it.  The  berbivora  cinnotlin 
uponfles^h  f  toH,  ns  their  digestive  apparatus  is  Mapted  solely  for  the  digestion  of  vegcLahlc  food. 

[The  proteid  metabolism  depends  u)  on  the  amount  of  proteids  ingested, 
for  the  great  mass  of  these  becomes  changed  into  circulating  albumin  {r.  P'Mt)\ 

(2)  upon  the  previous  condition  of  nutrition  of  the  organism,  for  we  know  thali 
certain  amount  of  proteid  may  produce  very  difierent  results  in  the  same  individiul 
when  he  is  in  good  health,  and  when  he  has  suffered  from  some  exhausting  disease; 

(3)  it  is  also  influenced  by  the  use  of  other  foods,  e.g.^  fats  and  carlwhydrato. 
If  a  certain  amount  of  fat  be  added  to  a  diet  of  flesh,  much  less  flesh  is  rcvjuired, 
so  that  the  N  metabolism  is  reduced  by  fat.  This  is  spoken  of  as  the  **  albumin- 
sparing  action'*  of  fats.] 

Exactly  the  same  result  occurs  with  other  forms  of  proteids  as  with  flesh.  It 
has  been  proved  that  gelatin  may,  to  a  certain  extent,  replace  proteids  in  the 
food,  in  the  proportion  of  2  of  gi--lalin  to  i  of  albumin.  The  carnivora,  which  cm 
maintain  their  metabolism  in  njuilibrium  by  eating  a  large  amount  of  flesh,  can 
do  so  with  less  flesh  when  gelatin  is  added  to  their  food.  A  diet  of  gelatin  alone, 
which  produces  much  urea,  is  not  sufficient  for  this  pur[}Ose,  and  animals  soon  \ox 
their  appetite  for  this  kind  of  food  {v.  Bischoff^  v.  ftn'/,  v.  Pethnko/cr^  Oentm). 

[Voit  has  shown  that  gelatin  readily  untlergoes  melal>nlism  in  the  body  and  fnrms  area,  and  if  t 
small  qtianlity  he  taken  it  is  completely  and  rapidly  metaholizcd.  When  administered.  It  actsj*^ 
tike  fats  and  car l>ohyil rales,  as  an  "albumin-sparing"  substance.  It  seems  that  gelatin  is  noctn^ 
able  directly  for  the  gn>wth  and  repair  of  tissues  ( Ani#/r).1 

Owing  to  the  great  solubility  of  gelatin,  the  value  of  gelatin  as  a  food  used  to  be  greatly  ifiKSM^ 
and  now,  a^in.  the  addition  of  gelatin  in  the  form  of  calf 's-foot  jrlly  is  recommended  to  ion)i<l^ 
[When  a  large  amount  uf  gelatin  is  given  as  food,  owing  to  the  large  and  rapid  excrclron  rtf  ««■ 
inc  latter  excite*  diuresis.]  When  cliondrin  is  given  along  with  tlesh  for  a  time,  grape  wp^  * 
found  in  the  urine  [BSJt&er). 

[The  Metabolism  of  Peptones. — Most  of  the  proteids  absorbed  into  th« 
blood  are  previously  converted  into  peptones  by  the  digestive  juices.     It  has  been 
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led,  more  especially  by  BrUeke,  that  some  albumin  is  absorbed  unchanged 
192,  4),  and  that  only  this  ts  capable  of  forming  organic  albumin,  while  the 
piones,  after  undergoing  a  reconversion  into  albumin,  undergo  decomposition  as 
ch.  This  view  is  opposed  by  many  observers  {A^amkiewuz,  Plbsz^  Mafy),  who 
lifitain  that  peptones  perform  all  the  functions  of  proteids,  so  that  peptones, 
th  the  other  necessary  constituents  of  an  adequate  diet,  form  an  adequate  diet.] 

239.  A  DIET  OF  FAT  OR  OF  CARBOHYDRATES.— If  fat  alone 
r  given  as  a  food»  the  animal  lives  but  a  short  time.  The  animal  so  fed  secretes 
en  less  urea  than  when  it  is  starving ;  so  that  the  consumption  of  fat  limits  the 
^composition  of  the  animal's  own  proleids.  This  depends  upon  the  fact  that 
t,  being  an  easily  oxidized  body,  yields  heat  chiefly,  and  l>ccomes  sooner  oxi- 
icd  than  the  nitrogenous  proteids  which  are  oxidized  with  more  difficulty.  If 
e  amount  of  fat  taken  be  very  large,  all  the  C  of  the  fat  does  not  reappear,  e.  g. , 

the  CO,  of  the  expired  air;  so  that  the  body  must  acquire  fat,  while  at  the  same 
die  it  decomposes  proteids.  The  animal  thus  becomes  poorer  in  proteids  and 
cher  in  fats  at  the  same  time. 

[The  Metabolism  of  Fats  is  not  dependent  on  the  amount  of  fats  taken  with 
le  food.  I.  It  is  largely  influenced  by  work,  /.  ^.,  by  the  activity  of  the  tissues, 
id,  in  fact,  with  muscular  work  CO^  is  excreted  in  greatly  increased  amount 
•  1 27,  6).  2.  By  the  temperature  of  the  surroundings,  as  more  CO,  is  produced 
I  the  cold  (§  214,  2),  and  far  more  fatty  foods  are  required  in  high  latitudes.] 

[In  their  action  on  the  organism,  proteids  and  fats  so  far  oppose  each  other,  as 
le  former  increases  the  waste,  and  therefore  oxidation,  while  the  latter  diminish 
,  probably  by  affecting  the  metabolic  activity  of  the  cells  themselves  i^Bauer), 
sa  matter  of  fact,  fat  animals  or  persons  bear  starvation  better  than  spare  indi- 
iduals.     In  the  latter,  the  small  store  of  fat  is  soon  used  up,  and  then  the  albumin 

rapidly  decomposed.  Kor  the  same  reason,  corpulent  persons  are  very  apt  to 
ecorac  still  more  so,  evt-n  on  a  very  moderate  diet.] 

When  carbohydrates  alone  are  given,  they  must  first  be  converted  by  the 
:t  of  digestion  into  sugar.  The  result  of  such  feeding  coincides  pretty  nearly 
ith  the  results  of  feeding  with  fat  alone.  But  the  sugar  is  more  easily  burned  or 
udtzed  within  the  body  than  the  fat,  and  17  parts  of  carbohydrate  are  equal  to 
D  ]>3rts  of  fat.  Thus  the  diet  of  carbohydrates  limits  the  excretion  of  urea  more 
ndily  than  a  purely  fat  diet.  The  animals  lose  flesh,  and  appear  even  to  use  up 
art  of  their  own  fat. 

[The  Metabolism  of  Carbohydrates. — They  also  serve  to  diminish  the 
roteid  metabolism,  as  they  are  rapidly  burned  up  and  thus  ''spare"  the  circu- 
iting albumin.  Itut  Pettenkofer  and  Vait  assert  that  they  are  rapidly  destroyed 
\  (he  body,  even  when  given  in  large  amount,  so  that  they  differ  from  fats  in  this 
^spect,  They  are  more  easily  oxidized  than  fats,  so  that  they  are  always  con- 
jed  first  in  a  diet  of  carbohydrates  and  fat.  %y  being  consumed,  they  protect 
proteids  and  fats  from  consumption.] 

direct  introvluction  of  grape  .sugar  and  cine  sngar  into  the  blood  does  not  Increuie  the  amount 
lygcn  uwi,  although  the  amouni  of  CO,  formed  is  increased  (  Wcl/ers). 

diictrine  of  I.iebig,  th.it  the  oxygen  talcen  in  woi  a  me.-isure  of  the  metabolic  proceises,  is 
futcd  \ty  llicKe  and  othei  experimcnis.  It  would  seem  thai  fat  la  not  directly  oxidized  by  O,  but 
M  it  IS  i|)lit  up  into  other  simpler  compounds  whidi  are  slowly  and  gradually  oxidieed  ;  in  fact, 
Kuy  lessen  the  amount  of  (J  taken  in,  a^  it  dimiuishu  waste.] 

^o.  FLESH  AND  FAT.  OR  FLESH  AND  CARBOHYDRATES. 

-Since  an  amount  of  llcsh  equal  to  ^  to  ,'5  of  the  weight  of  the  body  is  required 
»  Dourtsh  a  dog  which  is  fed  on  a  purely  flesh  diet,  if  the  necessary  amount  of 
it  or  carbohydrates  be  added  to  the  diet,  a  smaller  quantity  of  flesh  is  required 
•■.  K7//  itnJ  OruUr).  For  100  jiarts  of  fat  added  to  the  flesh  diet,  245  parts  of 
^  flesh  or  227  of  syntonin  can  be  disjicn-sed  with.  If  instead  of  fais  carbohy- 
»  are. added,  then   100  parts  of   fat  =  230-250  of   the  latter  {Jiulfntr)^ 


398 


ORIGIN   OF   FAT  IN  THE  BODY. 


When  Ihc  amount  of  flesh  is  insufficient,  the  addition  of  fat  or  carbohydrates  to  iV 
food  always  limits  the  decomposition  of  the  animal's  own  substance.  Lislly, 
when  too  much  flesh  is  given  along  with  these  substances,  the  weight  of  the  body 
increases  more  with  them  than  without  them.  Under  these  circuroslances,  the 
aninurs  body  puts  on  more  fat  than  flesh, 

The  consumption  of  O  in  the  body  is  regulated  by  the  mixture  of  flesh  tod 
non-nitrogenous  substances,  rising  and  falling  with  the  amount  of  flesh  consumed 
It  is  remarkable  that  more  O  is  consumed  when  a  given  amount  of  flesh  is  iak«, 
than  when  the  same  amount  of  flesh  is  taken  with  the  addition  uf  fat  (r.  PtUtn- 
kofir  and  v.   Voii). 

It  secDU  that,  instead  of  fat,  the  corresponding  amount  of  fatty  acids  has  the  same  cffedQiiibe 
metaliohim.  [If  a  dog  be  fed  with  fatty  acids  and  a  sufficient  amount  of  pruteid,  no  bay  acidistt 
found  in  the  chyle,  while  fat  is  formed  synthetically,  the  glycerin  for  the  latter  jxrobably  being  yat 
duced  in  the  body.]  They  arc  ab«  >rl>e(l  a»  an  entulHun,  just  like  the  fnts.  Sxiien  w  abaomd, 
ibey  seem  to  be  reconvened  into  fau  in  their  passage  from  the  intestine  to  the  thoracic  duct,  profaaM; 
by  the  action  of  the  leucocytes  {J.  Muni,  ii'iii).  Glycerin  does  not  dimini&h  the  decompoabM 
oj^ albumin  within  the  l)ody  iLfwin,  Ticfiir^vinsiy,  J.  A/uni],  According  to  l^bedeffaiKl  r.  Voit. 
It  dimini&hei  the  decumposiuon  of  the  fats,  and  is  therefore  a  food. 

341.  ORIGIN  OF  FAT  IN  THE  BODY.— I.  /"arf  of  the  fat  of  ibe 

body  is  derived  directly  from  the  fat  of  the  food,  /.  ^.,  it  is  absorbed  and  depos- 
ited in  the  tissues.  This  is  shown  by  the  fad  that,  with  a  diet  containing  asmill 
amount  of  albumin,  the  addition  of  more  fat  causes  the  deposition  of  a  larger 
amount  of  fat  in  the  body  {v.  A^/V,  Hofmann). 

Lebcdeff  found  that  dogs,  which  were  starved  for  a  month,  so  as  to  gel  rid  of  oil  ibeti  ova  te, 
on  being  fed  with  linseed  oil,  or  mutton  saei  and  flesh,  had  these  fats  restored  to  their  lise^ues.  That 
fats,  therefore,  must  have  been  absorbed  and  deposited.  J.  Munk  found  the  same  on  fecttiog 
animals  with  rape-seed  oil.  Falty  acids  may  also  coitiribuie  to  the  formaiioa  of  fata,  aa  glycoti 
whea  formed  in  the  Ixxly  iniut  be  stored  up  daring  metabolism  ( J.  Munk). 

II.  A  second  source  of  the  fats  is  their  formation  from  albuminous  bodies 
{LUbig  ami  others).  In  the  case  of  the  formation  of  fat  from  proteids  which 
may  yield  it  per  cent,  of  fat  (according  to  Henneberg  too  parts  uf  dry  albtimii) 
can  form  51.5  parts  of  fat),  these  proteids  split  up  into  a  non-nitrogenous  and  a 
nitrogenous  atomic  compound.  The  former,  during  a  diet  containing  much  il- 
bumin,  when  it  is  not  completely  oxidi/ed  into  COj,  and  H,0  is  the  substance 
from  which  the  fat  is  formed — the  latter  leaves  the  body  oxidized  cliicBy  to  the 
stage  of  urea. 

Examples. — That  foti  an  formed  fiom  proteids  is  shown  by  the  follDuing:  x.  A  cow  wbcft 
produces  i  lb-  of  butler  daily  does  not  take  nearly  this  amount  of  fatty  matter  in  its  food,  so  ite 
the  fat  would  appear  tu  be  formed  from  vegetable  proieid!».  2.  Carnivora  giving  suck,  when  fc4i« 
plenty  of  Hcsh  and  iot»e  fat,  j-ield  milk  rich  in  fat,  3.  i>ogs  fed  with  plenty  o(  flesh  and  soiDf  (it 
add  more  fat  to  their  bodies  than  the  fat  contained  in  the  food.  4.  Fatty  degeneration,  r./.,i>' 
nerve  and  muMle,  is  due  to  dccompmition  of  proteids.  5.  1  he  transforrnation  uf  entire  bodtai'-/H 
such  OS  have  lain  for  a  long  time  surrounded  with  water,  into  a  luaia  consisting  almost  enttrdj*' 
palmitic  acid  or  adipocere  (^fourcroy),  is  also  a  proof  of  the  transformation  of  part  of  the  proMid* 
into  fats.  6.  Kuugi  arc  also  aL-le  to  f^orm  fat  from  albumin  during  their  growth  \y.  AVi^r/i,  Mi' <?■ 
LSw). 

Pats  not  merely  absorbed. — Experiments  which  go  to  show  that  the  fal  of  animals,  doflMt 
the  fattening  prtKess,  is  nut  absurbed  as  »uch  from  tlie  Tooil:  i.  Fattening  occurs  with  Aoh  >*<' 
soaps :  it  is  most  improbable  that  the  soaps  are  re- trans  formed  into  neutral  fats  by  taking  apglf'M"" 
arKl  giving  up  alkali  {KiiMtic  nnU  JiadiifJncsJri).  2.  If  a  lean  dog  be  feai  with  tiesh  and  patoDO 
and  stearin-soda  soa|j,  tbe  fat  of  its  body  contains,  in  addition  to  [>almilin  and  stearin,  i*//)'«  i^.^ 
that  the  lust  must  be  formed  by  the  organism  from  the  proteids  of  the  tlesh.  Further.  S^tituH^ 
found  that  when  a  lean  dog  was  fed  on  lean  meat  and  spermaceti  fu,  a  very  small  amount  o'  t>>' 
latter  was  found  in  the  fat  uf  the  animal.  Although  these  cxjienmcnts  show  thai  the  Ut  ofiheba^ 
must  be  formed  from  the  decomposition  of  proleidii,  they  do  not  prove  that  d//  the  fat  arises  la  ilu* 
way,  and  that  none  of  it  is  absorbed  and  icdeposited. 

III.  According  to  v.  Voit,  no  fat  is  formed  in  the  body  directly  from  cafbo* 
hydrates,  e.  g.,  by  reduction.     As  fattening  occurs  on  a  diet  of  pure  fie&h  irilh 
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he  addition  of  carbohydrates,  we  must  assume  that  the  carbohydrates  are  con- 
umed  or  oxidized  in  the  body,  and  that  thereby  a  non-nitrogenous  body  derived 
rom  the  proteids  is  prevented  from  being  burned  up,  and  that  it  is  changed  into 
It,  and  stored  up  as  such.  No  doubt  fat  is  formed  indirectly  in  the  blood  in  this 
ray  (§  240). 

From  experiments  upon  fattening  animals,  however,  Lawes  and  Gilbert,  Leh- 
nann.  Hciden,  v.  Wolff,  think  they  are  entitled  to  conclude  that  the  carbo- 
lydratcs  absorbed  are  directly  concerned  in  the  formation  of  fats,  a  view  which  is 
upported  by  Henneberg,  B.  Schulze,  Soxhlet.  According  to  Pasteur,  glycerine 
the  basis  of  neutral  fats_)  may  be  formed  from  carbohydrates. 

Fonnerly  it  was  believed  thai  bees  could  prepare  wax  from  honey  alone  ;  this  ii  a  mistake — so 
iquivaleni  of  albumin  is  required  in  addition^the  necessary  amount  is  found  iu  the  raw  honey 

tMOf. 

343.  CORPULENCE. — The  addition  of  too  much  fat  to  the  body  is  a  pathological  phe- 
somenon  which  i»  attended  with  dingrccablc  consequences.  With  regard  to  the  cauaes  of 
obesity,  without  doubt  there  is  an  inherited  tendency  [in  ^^  to  56  per  cent,  of  the  cases — Bon- 
;hard,  Chatmen)  in  many  families— and  in  some  breeds  of  cattle,  to  lay  up  fat  in  the  body,  while 
Dther  familick  may  be  richly  supplied  with  fat.  and  yet  remain  lean.  The  chief  cause,  however,  is 
Iftlung  too  much  food,  i.e.,  more  than  the  amount  required  for  the  nomi.al  metalxilism  ;  corpulent 
people,  in  order  to  maintain  their  bodies,  must  eat  absolutely  and  relatively  more  than  persons  of 
spuire  hatiit.  under  aiialu};ou5  conditions  of  nutrition  {\  236). 

Conditions  favoring  Corpulence. — The  following  conditions  favor  the  occurrence  of  corpu- 
lence :  M  )  A  diet  nch  in /rtf/rtrfj,  with  a  correspondinc  addition  oi  fatar  carh'^hyttrates.  As  fiesh  or 
muacle  u  formed  from  proteids,  and  part  of  the  fat  uf  the  body  is  also  formed  frum  albumin  (p.  398}, 
the  assumption  that  fats  and  carbohydrates  fatten,  or  when  taken  alone,  act  a^  fattening  a^jents,  is 
completely  without  foundation.  No  one  ever  becomes  fat  without  takmg  plenty  of  albumin.  (3) 
Dtmtniihtd  disinie^^rafiiitt  of  materials  within  the  body,  e.^..,  (a)  dimtnished  musmiar  acthnty 
(much  sleep  ami  little  exercise) ;  {h]  a/imgatum  of  the  texual fumtianj  {as  is  shown  by  the  rapid 
fattening  of  castrated  animaLi,  as  well  as  by  the  fact  that  some  women,  after  cessation  of  the  menses, 
readily  become  corpulent) ;  (r)  diminished  mtntal  activity  (the  obesity  of  dementia),  phl^matic 
temperament,  C>n  the  contrary,  vigorous  mental  work,  excitable  temperament,  care  and  sorrow, 
counteract  the  deposit  of  fat ;  [d)  diminished  extetti  of  the  resfinj/ory  activity^  as  occurs  when 
there  is  a  great  deposition  of  fat  in  the  abdomen,  limiting  the  action  of  the  diaphrat;m  (breatfaless- 
ness  of  corpulent  people),  whereby  the  combustion  of  the  fatty  mailers,  which  Income  deposited  in 
the  body  is  limited  ;  \e)  a  corpulent  person  requires  to  use  relatively  less  heaftrtvin^  substances  in 
his  body,  partly  because  he  yives  off  relatively  less  heat  from  hi*  compact  body,  than  is  done  by  a 
slender,  long-bodied  mdividual,  and  panty  because  the  thick  layer  of  fat  retards  the  conduction  of 
heat  \\  314,  4).  Thus,  corresponding  to  the  relatively  diminished  production  of  heat,  more  Ux 
may  tie  stored  up;  (/)  a  diminution  of  the  red  6lood  eorfmicUSfyvWicW  are  the  great  exciters  of 
osidation  in  the  body,  is  generally  followed  by  an  incrcise  of  fat — fat  people,  as  a  rule,  are  fat 
because  they  have  relatively  los  bluod  (Jt  41) — women  with  fewer  red  blood  corpuscles  are  usually 
fatter  than  men;  {g}  the  consumption  of  aUokol  favors  the  conservation  of  fat  in  the  lx>dy;  the 
alcohol  is  eanily  oxidised,  and  thus  prevents  the  fat  from  being  burned  up  \\  235). 

Well-oounshrd  individuals  arc  usually  at  first  both  muscular  and  endowed  with  a  fair  amount  of 
btty  ibsue.  When  they  begin  to  put  on  fat,  the  development  of  the  muscular  system  lags  behind, 
partly  because  the  increasing  corjiulence  leads  to  diminished  activity  of  the  muscular  syslem,  so 
that  this  syiJem  ts  involved  secondarily.  Some  lively  corpulent  people,  ncverihelea»,  retain  their 
muscular  energy.  When  those  conditions  which  favor  corpulence  are  especially  active,  corpulence 
may  ultimately  pass  imo  a  condition  of  great  obesity. 

Di&«dvaniages. — Ucudes  the  inconvenience  of  the  great  siic  and  weight  of  the  body,  corpu- 
lent people  ftutTer  from  breathlessness— they  are  easily  fatigued,  are  liable  to  intertrigo  between  the 
folds  of  the  skin,  the  heart  becomes  loaded  with  fat,  and  they  not  unfrequently  are  subject  10 
ipoplexy. 

In  order  to  counteract  corpulence  we  ought  to— (1)  Reduce  uniformly  all  articles  of  diet. 
The  diet  and  body  ought  to  be  weighed  from  week  to  week,  and  as  long  as  there  is  no  diminutiun 
in  the  body  weight,  ihc  amuum  of  K>od  ought  to  be  gradually  and  uniformly  reduced  (notwithstand- 
ing the  appetite).  This  must  be  done  very  gradually  and  not  suddenly.  A  moderate  reduction  of 
fist  and  carbohydrates  in  a  normal  diet,  at  the  same  time  leads  to  a  diminution  of  the  Cat  of  the 
body  ilsclf.  l^  a  pcr»un  who  is  capable  uf  muscular  eseition  take  156  grms.  proteid.43  grms.  fai, 
and  114  grms.  carbohydrates  ;  but  in  those  where  congestions,  hydremia,  breath lessnesa  have  taken 
place,  Lake  1 70  grms.  proteid,  2  5  grins,  fat.  and  70  grms.  corbohydraiea  (  Oerte!).  It  is  not  advisable 
10  limit  the  amount  of  fat  and  caro«jhydrates  alone,  as  is  dune  in  the  Banting  cure  or  llaniingisin. 
Apon  altogether  from  the  fact  that  fat  is  formed  from  proteids,  if  too  liule  non-nilrogenous  fomi  be 
taken,  severe  disturbance  of  the  bo<lily  metabolism  is  apt  to  occur.     (2)   It  i&  advisable  during  the 
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chief  meal  to  limit  the  consaroptton  of  fluids  o(  all  »iu  (ertn  until  three -quaiten  of  an  boor  ikm- 
Bf\cr],  uid  thus  render  the  at»orptiun  and  digestive  activity  of  the  inlcMine  less  active  fOfitU, 
(3)  ^^^  mHseular  aetwity  <m^h\  to  be  greatly  developed  by  doing  plenty  of  muacuUr  i«t>f^,«r 
taking  plenty  of  exercise,  both  physical  and  mental.  (4)  Favor  tht  evolution  of  heat  liy  tilbii| 
cold  baths  of  considerable  duration,  and  afterward  rubbing  the  skin  strongly  so  as  to  came  a  to 
become  red  ;  funher,  dress  lightly,  and  at  night  use  light  bcdcli>lhing;  tea  and  coffee  ve  qkU, 
as  they  excite  the  circulation.  {5)  Use  gentle  laxatives;  acid  fniiis,  cider;  alkaline  carfaocMW 
{Mar-ienbad.  Carhbmi^  Vichy,  i\'tuenaht\  Kmsy  etc.i.  act  by  increasing  the  inleMinal  evaoiilMna 
and  diminishing  absorption.  (6)  If  from  accumulation  of  fa:  there  is  danger  of  fadore  of  tSe 
heart's  notion,  Oenel  recutnmends  hill  climUng,  whereby  the  cardiac  muscle  is  eaerciaed  lail 
.strengthened.  At  the  same  lime  the  circtjiation  becomes  more  livcty  and  the  nettbd&m  b 
increased. 

[Oertel's  Method  goes  on  the  idea  of  strengthening  the  cardiac  musculature,  wblcli  is  soa|^ 
lo  be  accomplished  by  ( i }  limiling  the  amount  of  fluids  consumed,  and  (2)  carefully  regulalH  tBM- 
cular  exertion.  The  amount  of  food  is  iir^t  reduced  one  half,  and  the  water  to  a  still  lower  amoaat, 
while  the  nitrogenous  elements  in  food  arc  increased,  the  non  niirogenous  are  decreased.  The  pet- 
son  is  then  instructe<l  to  take  exercise  under  certain  medical  precautions,  firM,  on  level  ground,  ami 
then  on  gradually  increasing  gradients.  Ocrtel  has  opened  several  edablishmcnls  in  Gennaay 
(Terrain  Curorte)  for  conducting  what  he  calls  his  Terrain  Cur. J 

Fatty  Degeneration. — The  prcxrcss  of  fattening  consists  in  the  deposition  of  drops  of  fat  within 
the  fat  celts  of  the  panniculus  and  around  the  visceta,  as  well  as  in  the  marrow  of  bone  (but  they 
arc  never  deposited  in  the  suhcut.ineous  tissue  of  the  eyelids,  of  the  penis,  of  the  red  jiart  of  the 
lips,  in  the  ears  and  no5e).  This  is  ijuile  different  from  the  fatly  olrophy  ur  fatty  degeneration 
which  occun  in  the  form  of  faity  globules  or  granules  in  altiuminous  tiisuet,  /.^.,  in  muKCular  hbro 
(heartji  gland  cells  (livtr,  kidncyj,  cartilage  ccllfi,  lymph  and  pus  corpuactes.  as  well  as  in  nerve 
fibres  separated  from  their  nerve  centres.  The  fat  in  these  cases  is  derived  from  albumin,  much  in 
the  same  way  as  fat  is  formed  in  the  gland  Cells  of  the  mammary  and  setaceous  gldiids.  Marked 
fatty  degeneration  not  unfrequenlly  occurs  nfter  severe  fevers,  and  after  am6dal  heating  of  the  tt*- 
sues;  when  a  too  small  amount  of  (!)  is  supplied  lo  the  tiuucs,  as  occurs  in  cases  of  phoipharos 
pi>isoning  (j9f/»/r);  in  drunkards;  after  poisoning  with  arsenic  and  other  sul»s[anccs;  atid  after 
some  disturbances  of  the  circulation  and  innervation.  Some  organs  are  especially  prone  to  ondefgo 
fa.tty  degcncmciun  during  the  cuur^c  of  certain  diseases. 

243.  METABOLISM  OF  THE  TISSUES.— The  blood   stream  is 

the  chief  medium  whereby  new  material  is  sujiplied  lo  the  tissues  and  llie  c/Tclc 
products  removed  from  them.  The  /ymph  which  passes  throtjgh  the  lliiu  capil- 
laries comes  into  actual  contact  with  the  tissue  elements.  Those  tissues  which 
are  devoid  of  blood  vessels  in  their  own  substance,  such  as  the  cornea  and  cartil- 
age, receive  nutrient  fluid  or  lymph  from  the  adjacent  capillaries,  by  mean»  of 
their  cellular  elements,  which  act  as  jtiice-conducting  media.  Hence,  when  the 
normal  circulation  is  interfered  with,  as  by  atheroma  or  calcification  of  the  walls 
of  the  blood  vessels,  these  tissues  arc  secondarily  affected  [this,  for  example,  is 
the  ca.sc  in  arcus  senilis  of  the  cornea,  due  to  a  fatty  degeneration  of  the  romeal 
tissue,  owing  to  some  affection  of  the  blood  vessels  on  whi<'h  the  cornea  depends 
for  its  nutrition].  Total  compression  or  ligature  of  ail  the  blood  vessels  results 
in  necrosis  of  the  parts  supplied  by  the  ligatured  blood  vessels. 

Atrophies  caused  by  diminution  of  the  normal  supply  of  blood  gradually.  In  the  oouise  of  tim. 
l*ecome  less  and  less  {Samuel ). 

Hente,  there  must  be  a  ihuhie  atrrent  of  the  tissue  juices:  the  afferent  or 
supply  current,  which  supplies  the  new  material,  and  the  efferent  stream, 
which  removes  the  effete  products.  The  former  brings  to  the  tissues  the  protcid>, 
fats,  carbohydrates,  and  sails  from  which  the  tissues  are  formed.  It  i»  evidcnl 
that  any  interruption  of  the  arterial  supply  lo  the  tissues  will  diminish  this  stipply. 

That  .vucli  u  current  exists  is  proved  by  injecting  an  indifTcrcnl,  easily  recogrtiiablc  substance  UK^ 
the  blood,  <r.i'.,  [jotassium  ferrocyanide,  when  its  presence  may  Iw  detected  in  the  tissues,  10  wbirt 
it  has  been  carried  by  the  outgoing  current. 

The  efferent  stream  carries  away  the  decomposition  products ^/Vi^in  the  virioos 
tissues,  more  especially  urea,  CO.,  H.O,  and  salts,  and  these  arc  transferred  « 
quickly  as  possible  to  the  organs  through  which  they  are  excreted. 

That  such  a  current  cxUts  is  proved  by  injecting  Mich  a  substance  as  polosstum  ferroeyanide  oto 
the  (issues,  r^'.,  subculoneously,  when  Us  presence  may  Lk  delected  in  tlie  unne  within  two  toil** 
minutes. 
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If  the  current  from  the  tissues  to  the  Mood  is  so  active  that  the  excretory  organs 
cannot  eliminate  all  the  effete  products  from  the  blood,  then  ihcse  i>roducls  are 
found  in  the  tissues.  This  occurs  when  certain  poisons  are  injected  subcutaneously, 
when  they  pais  rapidly  into  the  blood  and  are  carried  in  great  quantity  to  other 
tissue*,  e.  g.^  to  the  nervous  system,  on  which  they  act  with  fatal  effect,  before 
Ihey  are  eliminated  to  any  great  extent  from  the  blood  by  the  action  of  the 
excretory  organs.  The  effete  materials  are  carried  away  from  the  tissues  by  hoo 
channels,  viz.,  by  the  veins  and  by  the  lymphatics,  so  that  if  these  be  inter- 
fered with,  the  metabolism  of  the  tissues  must  also  suffer.  When  a  limb  is  ligatured 
90  as  to  compress  the  veins  and  the  lymphatics,  the  efferent  stream  stagnates  to 
such  an  extent  that  considerable  swelling  of  the  tissues  or  redema  may  occur 
(S  203).  The  action  of  the  muscles  and  fascix  are  very  important  in  removing 
these  effete  matters  {Nasse). 

H.  Nasse  found  thai  ihe  blo<Ml  of  the  jugular  vrin  is  0.225  ^^^  \csCiO  specifically  heavier  than  the 
blood  of  the  carotid,  and  contains  0.9  parts  {»er  1000  more  solids ;  looo  cubic  centiroctrc»  uf  blood 
CifcuUiing  through  the  head  yield  abuut  5  cubic  centimetres  of  transudaiion  into  the  tiuues. 

The  extent  and  intensity  of  the  metabolism  of  the  tissues  depend  upon 
a  variety  of  factors. 

1.  L'pon  their  activity.  The  increased  activity  of  an  organ  is  indicated  by 
the  increased  amount  of  blood  going  into  it,  and  by  the  more  active  circulation 
through  it  (.§  100).  When  an  organ  is  completely  inactive,  such  as  a  paralyzed 
muscle,  or  the  peripheral  end  of  a  divided  nerve,  the  amount  of  blood  and  the 
nutritive  exchange  of  fluids  diminish  within  these  parts.  The  parts  thus  thrown 
out  of  activity  become  pale,  relaxed,  and  ultimately  undergo  fatty  degeneration. 
The  increased  metabolism  of  an  organ  during  its  activity  has  been  proved  experi- 
mentally in  the  case  of  muscle,  and  [(§  263)  also  in  the  brain  (^Spe^k).'^  I^ngley 
and  Sewell  have  recently  oljserved  directly  the  metabolic  changes  within  sufficiently 
thin  lobules  of  glands  during  life.  The  cells  of  serous  glands  (^  i4j)t  and  those 
of  mucus-  and  {>epsin-forming  glands  (§  164),  during  quiescence,  becotnu  filled 
with  cou.rse  granules,  which  are  dark  in  transmitted  light  and  white  in  reHected 
light,  which  granules  are  consumed  or  disappear  durmg  granular  activity.  During 
sleep,  when  most  organs  are  at  rest,  the  metabolism  is  limited  ;  darkneiss  also 
diminishes  it,  while  light  excites  it,  obviously  owing  to  nervous  inHuences.  The 
variations  in  the  total  metabolism  uf  the  body  are  reflected  in  the  excretion  of 
CO,  (§  127,  g)  and  urea  (§  257),  which  may  be  expressed  graphically  in  the  form 
of  a  curve  eorrcsjwnding  with  the  activity  of  the  organism;  this  curve  corresponds 
very  closely  with  the  daily  variations  in  the  respirations,  pulse,  and  temperature 

(P-  359)- 

2.  1  he  composition  or  quality  of  the  blood  has  a  marked  effect  upon  the 
current  on  which  the  metabolism  of  the  tissues  depends.  Very  concentrated 
blood,  which  contains  a  small  amount  of  water,  as  after  profuse  sweating,  severe 
diarrhuea — ?.^.,  in  cholera — makes  the  tissues  dry,  while  if  much  water  be  absorbed 
into  the  blood,  the  tissues  become  more  succulent  and  even  uedema  may  occtir. 
When  much  common  salt  is  present  in  the  blood,  and  when  the  red  blood  cor- 
puscles contain  a  dimmished  amount  of  O,  and  especially  if  the  latter  condition 
be  accomj>anied  by  muscular  exertion  causing  dyspntea,  a  large  amount  of  albumin 
is  decomposed,  and  there  is  a  great  formation  of  urea.  Hence,  exposure  to  a 
rarefied  atmosphere  is  accompanied  by  increased  excretion  of  urea.  Certain 
abnormal  conditions  of  the  blood  pnxJuce  remarkable  results;  blood  charged  with 
farlom'i'  oxide  cannot  absorb  O  from  the  air,  and  does  not  remove  CU,  from  the 
tisftues  (S  16).  The  presence  of  hydrocyanic  acid  in  the  blood  (,§  i6j  is  said  to 
interrupt  at  once  the  chemical  oxidation  processes  in  the  blood,  so  that  rapid 
asphyxia,  owing  to  cessation  of  the  //v/rr/ra/ respiration,  occurs.  Fermentation  is 
interrupted  by  the  same  substance  in  a  similar  way.  A  diminution  of  iht  tofai 
amount  of  the  blood  causes  more  fluid  to  pass  from  the  tissues  into  the  blood;  but 
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the  absorption  of  substances,  such  as  poisons  or  pathological  elTusions,  from  the 
tissues  or  intestines  is  delayed.  If  the  substances  which  pass  from  the  tissues  into 
the  blood  be  rajiidly  eliminated  from  it,  absorption  takes  place  more  rapidly. 

3.  The  blood  pressure  is  of  importance,  in  so  far,  that  when  it  is  greatly  in- 
creased, the  tissues  contain  more  fluid,  while  the  blood  itself  becomes  more  con- 
centrated, to  the  extent  of  3  to  5  |>er  1000  {Nassf),  We  may  ronvince  ourMrlvM 
that  blood  plasma  easily  passes  through  the  capillary  wall,  by  pressing  ufjon  the 
efferent  vessel  coming  from  the  chonum  deprived  of  us  epidermis,  f-  g.^  by  a  bum 
or  a  blister,  when  the  surface  of  the  wound  becomes  rapidly  suffused  with  plasma. 

■Diminution  of  the  blood  pressure  produces  the  opposite  result.  The  oxidatioa 
processes  in  the  body  are  diminished  after  the  use  of  P,  Cu,  ether,  chlorofonn. 
chloral  {iVencki  ami  Sirfier). 

4.  Increased  temperature  of  the  tissues  (several  hours  daily)  does  ntM 
increase  the  breaking  up  of  albumin  and  fats  (AW^,  Stockvis.  Simaneunky,  And 
V.  Voit),  (See  also  Artificial  Elevation  of  the  Temi)eralure,  §  aai  ;  Fever,  §  aso  ; 
and  Artificial  Cooling,  §  225.) 

5.  The  influence  of  the  nervous  system  on  the  metabolism  is  twofold.  Oa 
the  one  hand,  it  acts  indirectly  through  iis  effect  upon  the  blood  vesseU,  by  caus- 
ing them  to  contract  or  dilate  through  the  agency  of  vaso-motor  nerves. 
whereby  it  influences  the  amount  of  blood  supplied,  and  also  affects  the  blood 
pressure.  Hut  in  addition  to  this,  and  quite  independently  of  the  blood  vessels, 
it  is  probable  that  certain  special  nerves — the  so-called  trophic  nerves,  influence 
the  metabolism  or  nutrition  of  the  tissues  (§  342,  c).  That  nerves  do  influence 
directly  the  transformation  of  matter  within  the  tissues  is  shown  by  the  secretion 
of  saliva  resulting  from  the  stimulation  of  certain  nerves,  after  cessation  of  the 
circulation  (§  145),  and  by  the  metabolism  during  the  contraction  of  bloodless 
muscles.  Increased  respiration  and  apncea  are  not  followed  by  increased  oxida- 
tion {Pflu^(r){%  127,  8>. 

[Ga^kcll  ha&  raised  the  question  as  to  the  existence  of  katabolic  and  anabolic  nerves  control- 
ling res]H:citvely  ihtf  Anat}tic  .ind  synthetic  mctaboli>iin  of  the  nuues  (p.  373)-] 

244.    REGENERATION   OP  ORGANS  AND  TISSUES.— The  extent  to  which  lost 
parts  are  replaced  vanes  greatly  in  difTerent  organti.     Among  the  knvrr  antmah  the  puts  of  OffSM 
are  replaced  to  a  far  greater  extent  than  amun^  worm-blouded  aniniolK.     When  a  hydia  is  dividctl 
into  (wu  ports,  each  part  furtns  a  new  indtviduoJ — uay,  tf  the  body  of  the  onitnal  be  divided  into 
scvernl  [>arti  in  a  particular  way,  then  each  part  gives  rixe  to  a  new  individual  yS^tilanmn*).   The 
PUinartans  alnu  show  a  ^rcat  capability  uf  reproducing  loM  parts  (/Jh.Vj).     .Sjudcrs  and  crahft  can 
reproduce  lost  feclvn,  limbs,  and  claws;  snails,  part  uf  the  head,  feelers,  and  cycfc,  provided  the 
central  nervous  system  is  not  injured.     Many  iSshes  repntduce  tins,  even  the  tail  no.     SaiaruaudefT 
and  lirardK  can  produce  an  entire  tail,  including  buncii,  mukcles  and  even  the  (xittenor  i>art  of  Ibe 
spinal  cord  ;  while  the  Irilon  rci>ruduces  an  amputated  limb,  the  lower  jaw  and  the  eye.     This  re- 
production necessitates  thai  a  small  stump  be  left,  while  total  expiration  uf  the  parts  preveois  rcpr^ 
ductiun  \  l^htlipptau.x). 

In  amphibians  and  reptiles  the  regeneration  of  organs  and  tissues,  as  a  whole,  takes  place  lAtf 
the  lyiw  of  the  emlwyonic  development  {/•raissf,  Goitt),  and  the  same  is  tnie  as  regards  the  ht«&- 
logical  processes  which  occur  in  the  r^eneiated  tail  and  other  parts  of  the  body  ol  the  eaiihwuim 

The  extent  to  which  regeneration  can  take  place  in  mammals  and  in  man  isvcr) 
slight,  and  even  in  these  cases  it  is  chiefly  confined  to  young  individuals.  A  true 
regeneration  occurs  in — 

1.  The  blood  (<:onii)are  §  7  and  §  41),  including  the  plasma,  the  colorless ud 
colored  corpusclfs. 

2.  The  epidermal  appendages  (§  283)  and  the  epithelium  of  the  muct>itt 
membranes  arc  reproduced  by  a  |)roliferation  of  the  cells  of  the  deeper  Wytis^ 
the  epithelium,  with  simultaneous  division  of  their  nuclei.  Epithelial  «lls  '^ 
reproduced  as  long  as  the  matrix  on  which  [hey  rest  and  the  lowest  layer  of  odb 
arc  intact.  When  these  are  destroyed  cell-regeneration  from  below  ceases.  »nd 
the  cells  at  the  margins  are  concerned  in  filling  up  the  deficiency.    Regcncritifli>» 
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tlierefore,  either  takes  place  from  below  or  from  tlie  margins  of  the  wound  in  the 
epithelial  covering  ;  leucocytes  also  wander  into  the  part,  while  the  deepest  layer 
of  cells  forms  large  raulti-nucleated  cells,  which  reproduce  by  division  polygonal, 
flat,  nucleated  cells  {Kiebs^  Heller).  [In  the  process  of  division  of  the  cells,  the 
nucleus  pUys  an  important  part,  and  m  so  doing  it  shows  the  usual  karyokinetic 
figures  (§  431).]  The  nails  grow  from  the  root  forward  ;  those  of  the  fingers  in 
four  to  five  months,  and  that  of  the  great  toe  in  about  twelve  months,  although 
growth  is  slower  in  the  case  of  fracture  of  the  bones,  The  matrix  is  co-extensive 
with  the  iunuU^  and  if  it  be  destroyed  the  nail  is  not  reproduced  (§  284).  The 
eyelashes  are  changed  in  100  to  150  days  (jOf'W^rx),  the  other  hairs  of  the  body 
somewhat  more  slowly.  If  the  papilla  of  the  hair  follicle  be  destroyed,  the  hair 
is  not  reproduced.  Cutting  the  hair  favors  its  growth,  but  hair  which  has  been 
cut  does  nut  grow  longer  than  uncut  hair.  After  hair  has  grown  to  a  certain  length 
it  falls  out.  The  hair  never  grows  at  its  ajK^x.  The  epithelial  cells  of  mucous 
membranes  and  secretory  glands  seem  to  imdergo  a  regular  series  of  changes  and 
renewal.  The  presence  of  secretory  cells  in  the  milk  (§  231)  and  in  the  sebaceous 
secretion  {%  285)  proves  this  ;  the  spermatozoa  are  replaced  by  the  action  of  sper- 
matoblasts. In  catarrhal  conditions  of  mucous  membranes,  there  is  a  great 
increase  in  the  formation  and  excretion  of  new  epithelium,  while  many  cells  are 
but  indifferently  formed  and  constitute  mucous  corpuscles.  The  crystalline 
lens,  which  is  just  modified  epithelium,  is  reorganized  just  like  epithelium  ;  its 
matrix  is  the  anterior  wall  of  its  capsule,  with  the  single  layer  of  cells  covering  it. 
If  the  lens  be  removed  and  this  layer  of  cells  retained,  these  cells  proliferale  and 
elongate  to  form  lens  fibres,  so  that  the  whole  cavity  of  the  empty  lens  capsule  is 
refilled.  If  much  water  be  withdrawn  from  the  body,  the  lens  fibres  become 
turbid  {Kuruie,  Koehnhorn ).  [A  turbid  or  opaque  condition  of  the  lens  may  occur 
in  diabetes,  or  after  the  transfusion  of  strong  common  salt  or  sugar  solution  into 
a  frog.] 

3.  The  blood  vessels  undergo  extensive  regeneration,  and  they  arc  regener- 
ated in  the  same  way  as  they  are  formed  (§  7,  B).  Capillaries  are  always  the  first 
stage,  and  around  them  the  characteristic  coats  are  added  to  form  an  artery  or  a 
vein.  When  an  artery  is  injured  and  permanently  occluded,  as  a  general  rule 
the  |)art  of  the  vessel  up  to  the  nearest  collateral  branch  becomes  obliterated, 
whereby  the  derivatives  of  the  endothelial  lining,  the  connective-tissue  corpuscles 
of  the  wall,  and  the  leucocytes  change  into  spindle-shaped  cells,  and  form  a  kind 
of  cicatricial  tissue.  Blind  and  solid  outshoots  are  always  found  on  the  blood 
vessels  of  young  and  adult  animals,  and  are  a  sign  of  the  continual  degeneration 
and  regeneration  of  these  vessels  {Sigfit.  Mayer). 

Lymphatics  behave  in  the  same  way  as  blood  vessels;  after  removal  of  a  lym- 
phatic gland,  a  new  one  may  be  formed  (Bayer). 

4.  The  contractile  substance  of  muscle  may  undergo  regeneration  after  it 
has  become  partially  degenerated.  This  takes  place  after  amyloid  or  wax-like 
degeneration,  such  as  occurs  not  unfrequently  after  typhus  and  other  severe  fevers. 
This  is  chiefly  accomplished  by  an  increa.se  of  the  muscle  corpuscles.  After  being 
compressed,  the  muscular  nuclei  disappear,  and  at  the  same  time  the  contractile 
contents  degenerate  {Heidetherg).  After  several  days,  the  sarcolemma  contains 
numerous  nuclei  which  reproduce  new  muscular  nuclei  and  the  contractile  sub- 
stance {Kraske,  Itrlikam).  In  fibres  injured  by  a  subcutaneous  wound,  Neumann 
found  that,  after  five  to  seven  days,  there  was  a  bud-like  elongation  of  the  cut 
ends  of  the  fibres,  at  first  without  transverse  striation  ultimately.  If  a  large  extent 
of  a  muscle  be  removed,  it  is  replaced  by  cicatricial  connective  tissue.  Non- 
striped  muscular  fibres  are  also  reproduced  ;  the  nuclei  of  the  injured  fibres  divide 
after  becoming  enlarged,  and  exhibit  a  well-marked  intranuclear  plexus  of  fibrils. 
The  nuclei  divide  into  two,  and  from  each  of  these  a  new  fibre  is  formed,  prob- 

Ay  by  the  differentiation  of  the  perinuclear  protoplasm. 
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5.  After  a  nerve  is  divided,  the  two  ends  do  not  join  at  once  so  as  to  pcnmt 
the  function  of  the  nenc  to  be  established.  On  the  contrary,  marked  changa 
occur.  If  a  piece  be  cut  out  of  a  nerve  trunk,  the  peripheral  end  of  the  divided 
nerve  degenerates,  the  axial  cylinder  and  the  white  sulMtancc  of  Schwann  dlap- 
pear.  The  interval  is  filled  up  at  first  with  juicy,  cellular  tissue.  The  subsequent 
changes  are  fully  described  in  §  325,  4-  There  seems  to  be  in  peripheral  nerves  t 
continual  disappearance  of  fibres  by  fatty  degeneration,  accompanied  by  a  con- 
secutive formation  of  new  fibres  {Si^m,  Mayer).  The  regeneration  of  ijcriphenl 
ganglionic  cells  is  unknown,  v.  Voil,  however,  observed  that  a  pigeon,  part  of 
whose  brain  was  removed,  had  within  five  months  reproduced  a  nervous  noz 
within  the  skull,  consisting  of  medullated  ner\'e  fibres  and  nerve  cells.  Eichhonl 
and  Naunyn  found  that  in  young  dogs,  whose  spinal  cord  was  divided  between  the 
dorsal  and  lumbar  regions,  there  was  an  anatomical  and  physiological  regeneration, 
to  such  an  extent  that  voluntary  movements  could  Ik*  executed  (§  33S,  3).  Van- 
lair,  in  the  case  of  frogs,  and  Mxsius  in  dogs,  found  that  mobility  or  motion  wu 
first  restored,  and  afterward  sensibility.  Regeneration  of  the  spinal  ganglia  did 
not  occur. 

6.  If  a  portion  of  a  secretory  gland  be  removed,  as  a  general  rule,  it  is  not 
reproduced.  But  the  bile  ducts  (§  173)  and  the  pancreatic  duct  may  be 
reproduced  (§  171).  According  to  Philippcaux  and  Grifhni,  if  part  of  the 
spleen  be  removed  it  is  reproduced  (§  103).  Tizzoni  and  Collucci  observed 
the  formation  of  new  liver  cells  and  bile  ducts  after  injury  to  the  liver  (§  173), 
and  Pisenii  makes  the  same  statement  as  regards  the  kidney.  After  me- 
chanical injury  to  the  secretory  cells  of  glands  (liver,  kidney,  salivary, 
Meibomian)  neighboring  cells  undergo  proliferation  and  aid  in  the  restoration 
of  the  cells  (  W.  Podrvisotzky). 

7.  .Among  connective  tissues,  cartilage,  provided  its  perichondrium  be  not  in- 
jured, reproduces  itself  by  division  of  its  cartilage  cells  iRdifern)  ;  but  usually 
when  a  part  of  a  cartilage  is  removed,  it  is  replaced  by  connective  tissue. 

8.  When  a  tendon  is  divided,  prolifcrationof  the  tendon  cells  occurs,  and  the  col 
ends  arc  united  by  connective  tissue. 

9.  The  reproduction  of  bone  takes  place  to  a  great  extent  under  certain  con* 
ditions.  If  the  articular  end  be  removed  by  excision,  it  may  be  reproduced, 
although  there  is  a  considerable  degree  of  shortening.  Pieces  of  bone  which  have 
been  broken  off  or  sawed  off  heal  again,  and  become  united  with  the  original  booe 
{Jakimowifsch).  If  a  piece  of  penosteum  be  transplanted  to  another  region  of 
the  body,  it  eventually  gives  rise  to  the  formation  of  new  bone  in  that  locility. 
If  ()art  of  a  bone  be  removed,  provided  the  periosteum  be  left,  new  bone  is  rapidly 
reproduced  ;  hence  the  surgeon  takes  great  care  to  preserve  the  periosteum  intact 
in  all  operations  where  he  wishes  new  bone  to  be  reproduced.  Kven  the  marrow 
of  bone,  when  it  is  transplanted,  gives  rise  to  the  formation  of  bone.  This  isdoe 
to  the  osteoblasts  adhering  to  the  osseous  tissue  (/*.  Burns^  AfacKwen). 

In  fracture  of  a  long^  bone  the  periosteum  deposits  od  the  surface  of  the  ends  of  the  brakes 
Imnes  a  ring  of  substance  which  forms  a  tem[X}rary  support,  the  external  callus.  At  fin<  tbo 
callus  is  jelly-like,  soft,  and  conlnins  many  corpuscles,  but  afterward  it  becumc*  more  aolid  uA 
somewhat  like  cartilage.  A  similar  condition  occurs  within  the  bone,  where  an  internal  caUniB 
formed.  The  formatiou  of  llits  temporary  callus  is  due  to  an  inflammatory  protifcnDon  nJ  t^ 
marrow.  According  to  Rigal  and  Vignal,  the  internal  callus  i&  always  osseous,  and  U  derived  fa)* 
the  marrow  of  the  bone.  Ttie  outer  and  inner  callus  become  calcified  and  ultimately  oaiM. 
whereby  the  broken  ends  arc  reunited.  Toward  the  fortieth  day,  a  thin  layer  of  twne  is  fom^ 
(intermediary  callua)  between  the  ends  of  the  l>one.  Where  this  begins  to  t)c  definitely  ottibrf« 
the  outer  and  inner  callus  l>cgin  to  be  absorbed,  and  ultimately  the  intermediary  callus  has  the  V 
yliucturc  as  the  rest  of  the  txine. 

There  are  many  interesting  observations  connected  with  the  growth  and  metabolism  of  boott' 
I .  The  addition  of  a  very  small  amount  of  pht>sfhorui  ( /(  apter)  or  aneHiaus  aeiJ  ( Maaj)  to  M 
food  causes  considerable  thickening  of  the  bones.  This  seems  to  be  due  to  the  non-ahvorptuB  0* 
those  pans  of  the  bones  which  are  usually  absorbed,  wlule  new  growth  is  continually  uVis^  [Jm*- 
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bn  food  dev^iii  af  fime  s/\Us  Is  given  to  an  animal,  the  growth  of  the  bones  is  not  arrested 
Sf),  but  the  bones  become  thinner,  whereby  all  parts,  ex-en  the  organic  basis  of  tlic  hone, 
D  a  unifunn  diminuiiun  {Ckaisaf,  A.  Mi/ftf£J7pare/t\.  3.  Feeding  with  madder  makes  the 
led,  ai  the  coloring  matter  is  deposited  with  the  bone  sahs  in  the  bone,  especially  in  the  grow- 

0  lasi-fonned  parts.  In  biids  the  shell  of  the  crr  becomes  colored.  4.  The  continuctl  use  of 
io»/  dissolves  the  Iwnes  (Sifddimjp-oizky  and  //n/meister).     The  ash  of  bone  is  thereby  dimin- 

If  lime  salbt  be  wiihheld  at  the  Fame  lime,  the  eifect  is  greaity  increased,  so  that  the  bones 
resemble  rachitic  bones.     (Development  of  Bone,  {  447.) 

;n  a  lost  tissue  is  not  replaced  by  the  satne  kind  of  tissue,  its  place  is  always 
by  cicatricial  connective  tissue. 

this  is  the  case,  the  part  becomes  inflamed  and  swollen,  owing  to  an  exudation  of  plasma. 

vettcU  Iwcome  dilated  and  congeMeJ,  and  nolwithManding  the  slower  circubtion,  ihe 

of  blood  is  greater.     The  blood  vessels  arc  increased,  ouiup  to  the  formation  of  new  ones. 

bluod  corpu4cle%  pass  out  of  the  vessels  and   reproduce   themselves,  and   many  of  ihera 

fatty  defeneration,  while  others  take  up  nutriment  and  become  converted  into  lar^  uni- 

ied  protoplasuu  cells,  from  which   gittnl  cells  arc  developed  {ZiigUr^  Cohnktim)*    The 

(formed  blood  vessebi  supply  all  these  elements  with  blood. 

1  TRANSPLANTATION  OF  TISSUES.— The  itosc,  car,  and  even  a  finger,  after 
r  been  severed  Trom  the  body  by  a  clean  cut,  have,  under  certain  circumstances,  become  united 
[pari  from  which  they  were  removed.  The  skin  is  frc'^iienily  transplanieil  by  surgeons,  as, 
imple,  to  form  a  new  nose.  The  piece  of  skiu  is  cut  from  the  forclicad  or  arm.  to  which  it 
Mtached  by  a  bridge  of  skin.  The  skin  is  then  stitched  to  the  part  u  hich  it  is  desired  to 
bi,  ami  when  it  ha.<i  become  attached  in  its  new  situ-ition,  the  bridiie  of  skin  is  severed.  Re> 
[cut  X  piece  of  skin  into  pieces  about  the  size  of  a  pea  and  ^xed  ihcm  on  an  ulccralcd  snr- 
ibexe  they,  as  it  were,  took  root,  grew,  and  sent  off  from  their  margins  epithelial  outgrowths, 
E  ultimately  the  whole  fmrface  Mas  covered  with  epithelium,  llie  excised  ipur  of  a.  cock  was 
knlcd  and  fised  in  the  comb  of  the  iuimc  animal,  where  it  grew  {John  HunUr),  P.  Bert  cut 
\  tail  and  legs  of  rats  and  transplanted  them  under  the  skin  of  the  back  of  other  rats,  where 
Btted  with  the  adjoining  [>arts.  Oilier  found  that,  when  periosteum  was  tran»iplnnlet:l,  ii  grew 
produced  bone  In  its  new  situation.  Even  blood  and  Ivmph  may  l>c  transfused  (Transfusion, 
\  [Small  [ortions  (1.5  mm  ]  of  epiphyses,  costal  carlilngc,  of  a  rabbit  or  kitten,  when  trans- 
3  quite  fre<-h  into  the  anterior  chamber  of  the  eye,  te»tift,  submaxillary  gland,  kidney,  and 
the  skin  of  a  rabbit,  attach  themselves  and  gruw.  and  the  growth  is  more  rapid  the  more  vas- 
he  site  on  which  the  tissue  is  traasplanied.  The  canilat:e  is  not  essentially  different  from 
e  cartilage,  but  the  cells  are  fewer  in  the  centre,  while  the  matrix  tends  to  become  fibrous, 
bieccs  of  epiphyseal  cartilage  inlraduccil  into  the  jugular  vein  were  found  as  cartilaginous 
fthe  lun^s  {Za^Ht  Leopold).  Tissues  transplanted  from  embryonic  structures  grow  far  better 
|ult  tissues  {Zakn\. 

^  uf  these  re.>iulls  seem  only  to  be  possible  between  individuals  of  the  mme  species,  although 
jfch  has  recently  found  that  a  piece  of  dog's  muscle,  when  substituted  for  human  muscle. 
|to  the  adjoining  muscle,  and  Ihecame  functionally  active.  [J.  R.  Wolfe  has  transplanted  the 
Ictiva  of  the  rabbit  to  the  human  eje.]  Most  tissues,  however,  do  not  admit  of  transplantation, 
lands  and  the  sense  organs.  They  may  be  removed  lo  other  parts  of  the  body,  or  into  the 
leal  cavity,  without  exciting  any  inllammaiory  reaction ;  they,  in  fact,  behave  like  inert  foreign 

I  INCREASE  IN  SIZE  AND  WEIGHT  DURING  GROWTH.— The  Ieng:th  of 
|dy,  which  at  birth  is  usually  ^^  of  the  adult  body,  undergoes  the  grealeU  elongation  at  an 
Jtriod  :  in  (lie  first  year,  20 ;  in  the  second,  to ;  in  the  third,  about  7  centimetres;  while  from 
bixieen  years  the  annual  incre&v  Is  about  $%  centimetres.  In  the  twentieth  year  the  increase 
r  slight.  From  lifty  onward  the  size  of  the  body  dimmishes,  owing  to  the  intervertebral 
Kcoming  thinner,  and  the  Iq$s  may  be  6-7  centimetres  about  the  eightieth  year.  The  weight 
I  body  (^  of  an  adult)  sinks  during  the  first  Bve  tn  seven  day«,  owing  to  the  evacuation  of 
p>niuiii  and  the  fimall  amount  uf  food  which  is  taken  at  fint.  Only  on  the  tenth  day  is  the 
Ihe  tame  as  at  birth. 

increase  of  weight  i5  greater  in  the  same  time  than  the  increase  in  length.  Within  the  first 
child  trebles  it>  weight.  The  greatest  weight  is  usually  reached  about  forty,  while  toward 
decrease  begin*,  whirh  at  eighty  may  amount  even  to  6  kilos.  The  results  of  measurements, 
"el,  arc  given  in  the  following  table :— 
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Ac 

Leogth  (Cratr.)- 

Weight  (Kilo.) 

Ac. 

Unph  (C-Cr.). 

w<)|[bi 

(Kilol 

Man. 

Woman. 

Mm. 

Woman. 

>| 

Man. 

Woman. 

Man. 

4130 

0 

59'5 

48.3 

3-20 

2.91 

"55-9 

U7S 

46.41 

I 

69.6 

69.0 

10.00 

9.30 

16 

l6i.o 

150.0 

53-39 

4444 

2 

79-6 

78.0 

12.00 

11.40 

17 

167.0 

154-4 

5740 

49'OS 

3 

S6.0 

S5.0 

1321 

1245 
1418 

iS 

170.0 

156.2 

61.26 

53.  »o 

4 

93a 

91.0 

>507 

19 

170.6 

,    , 

63.3a 

•  * 

5 

99-0 

97.0 

16.70 

1550 

20 

171. 1 

157.0 

6$joo 
68.29 

S4-l< 

6 

104.6 

103.2 

1S.04 

16.74 

25 

172.2 

<577 

55*1 

7 

III. a 

109.6 

20.16 

1845 

30 

172.2 

157-9 

68  90 
6881 

l?i{ 

8 

II  7.0 

"3-9 

22.26 

19.82 

40 

«7i-3 

•555 

<53o 

9 

122.7 

120.0 

24.09 

2244 

50 

166.4 

67-4S 

5845 

]Q 

128.2 

124.8 

26.12 

24.24 

60 

163.9 

151.6 

65.50 

5673 

It 

132.7 

127.5 

27.85 

26.25 

70 

162.J 

151.4 

6,V03 

53^7* 

12 

135-9 

^^il 

31.00 

30.54 

80 

161.3 

150.6 

61.22 

51.5a 

'3 

140.3 

1386 

3532 

34-65 

90 

,   , 

.   . 

57.83 

49.3+ 

J4 

148.7 

144-7 

40.50 

38.10 

(Chiefly  boax 

Quetelet) 

1 

Between  the  twelfth  and  fifteenth  years  the  weight  and  sim  of  the  girl  arc  greater  than  of  iJit 
boy.  (Irowth  is  most  active  in  the  last  mnnihs  of  freial  life,  and  afterward  from  ihe  sixth  to  ninih 
year  until  the  thirteenth  to  sixteenth.     The  fuU  stature  is  reached  aboot  thiny,  but  not  the  fftauA 

weight  (  Tkoma). 


■47-  (A)  INORGANIC  CONSTITUENTS.— I.  Water  forma  5S.5  per  cent  of  the  whole 
body,  but  ii  rtccurs  in  tliflTereiii  (juantiiy  in  the  different  tissues.  The  Uidncy*  contain  the  most 
water.  S3.7  per  cent. ;  boncft,  32  per  cent. ;  teeth,  to  per  cent. ;  while  enamel  conlAint  the  lease,  0.3 
per  cent. 

[  Ifitftr  is  of  the  utmmi  importance  in  the  economy.  >nd  k  is  no  paradox  to  say  that  all  organisms 
live  in  water,  for  though  the  entire  animal  may  not  live  in  water,  all  its  ti«sueii  are  bathed  liy  watery 
fluids,  and  the  essential  vital  [>roccs'<C4  occur  in  woter  (}  229).  A  constant  Btrenm  of  water  may  l>c 
Mid  to  W  passing  thrniigh  orpamsnis;  a  certain  rjuaniity  of  water  iMikcn  in  with  the  food  an<l  drink, 
which  uliimaiflv  reaches  the  blood,  while  from  ihc  lilood  a  constant  loss  is  taking  place  by  the  urine, 
the  sweat,  and  breath.  The  greater  "inantity  of  the  water  in  our  twdies  is  derived  from  without, 
but  it  ti  probable  that  a  umall  amount  is  formed  within  our  bodies  by  the  action  of  free  oxygen  on 
cenain  organic  vulMtancea.  According  to  some  observers,  ptroxid*  of  kyiirogtm  (H,0,)  is  also 
present  in  the  body.] 

II.  Gases.  — [Oxygen  i«  at>sorbed  from  the  air,  and  enters  the  blood,  where  it  forms  a  Innse 
chemical  comtound,  with  the  coloring  matter  or  h3^mog]obin.  while  a  small  amount  exists  in  a  free 
date,  or  is  simply  at»*orbed.]  Hydrogen  in  found  in  the  alimentary  canal.  Nitrogen,  [like 
oxygen,  w  atworbed  from  the  atmosphere  by  the  blood,  in  which  it  is  (Hssolvc<i,  and  fruni  which  it 
puses  into  other  fluids  of  the  body.  It  is  probable  tlial  a  very  small  quantity  is  formed  within  the 
body] 

The  presence  of  marsh  gas  (CH^)  {\  124),  ammonia  (NH,),  CO,  (J  38),  sulphuretted  hydrogen 
(H,S)  {\  184).  and  02onc  (3  37>  has  been  referred  to  already. 

III.  Salts. — Sodium  chloride  [is  one  of  the  roost  important  inor;^nic  substances  present  in 
Ihc  body.  It  occurs  in  all  the  tissues  and  fhiids  of  the  lH>dy,  and  it  pinys  a  most  prominent  part  in 
Connection  with  the  diffusion  of  Huids  through  membranes,  and  '\\%  presence  is  nece-&ary  for  the 
solntion  of  the  globulins  (i_  409).  In  some  cases  it  exists  in  a  state  of  combination  with  albuminous 
bodies,  as  in  the  bloo-*  pLismi.  Common  salt  is  absolutely  necessary  for  one's  exi.slence;  if  it  be 
withdrawn  entirely,  life  soon  comfs  to  an  end.  .Miout  [5  grammes  arc  given  off  in  twenty-four 
hours,  the  great  pan  bein^  excreted  by  the  urine.  Bnus-ingault  showed  that  the  addition  of  a  certain 
amount  of  CMinmon  salt  to  the  daily  food  of  cattle  greatly  improve*!  their  condition] 

[Calctuin  phosphate  (Ca,P,(>,  1  is  the  most  abundant  salt  in  the  body,  as  it  forms  more  than 
utc-half  of  our  l>onrs,  but  it  also  occurs  in  dentine,  enamel,  and.  to  a  much  less  extent,  in  the  other 
solids  and  6uids  of  the  body.  Among  •secretions,  milk  contains  relatively  the  largest  amount  (2.72 
ser  cent.).  In  milk,  it  is  necessary  for  farming  the  calcareous  matter  of  the  bones  of  the  infant. 
It  gives  bones  th<?ir  hardness,  solidity,  and  rigidity.  It  is  chieHy  derived  from  the  food,  and,  as 
only  a  small  quantity  is  given  off  in  the  excretions,  it  seems  not  to  undergo  rapid  removal  from 
[he  ho«!y.] 

[Sodium  phosphate  (PNaiO^l,  aaJ  sotiiuin  phosphalf  (PNa.O^),  acid  potassium  phosphtite 
fPKjHO.}.  The  soibum  phosphate  and  the  corTesjmnding  potaf-h  salt  give  most  of  the  fluids  of 
the  body  their  alkaline  reaction.  The  alkaline  reaction  of  the  blooiS  plasma  is  partly  due  to  alkaline 
phosphates,  which  ore  chiefly  derived  from  the  food.  The  acid  sodium  phosphate  is  the  chief  cause 
of  the  arid  reaction  of  the  urine.  A  small  ijuaiitity  of  phosphoric  acid  is  formed  in  the  bo<ly  owin^ 
to  the  oxidation  of  **  lecithin,"  which  contains  phosphorxis,  and  also  forms  an  important  constituent 
of  nerve  tissue.] 

[Sodium  carbonate  f^fa,CO,)  and  aodium  bicarbonate  fXaHCO.)  exisl  in  small  quantiiirs 
10  the  fond,  and  are  chiefly  furmed  in  the  body  from  the  decomposition  of  Ihc  saIis  of  the  vegetable 
acids.  They  occur  in  the  blrwd  plasma,  where  they  play  an  important  part  in  carrying  the  CO, 
from  the  tissues  to  the  lungs.] 

[Sodium  and  potassium  sulphates  fNaj.SO^  and  K^SO,)  exist  in  rery  small  ijuantity  in  the 
body,  nn'l  .-irc  inlrMucH  with  the  food,  but  port  is  formed  in  the  body  from  the  oxidation  of  organic 
bodies  containing  «ilphur.] 

[Potassium  chloride  (KD)  is  pretty  widely  dislribuletl,  and  it  occurs  specially  in  muscle, 
c,irnred  blood  corpuscles,  and  milk.  Calcium  fluoride  (CaFt, )  occurs  in  small  quantity  in  Ixjnes 
and  teeth.  Calcium  carbonate  (CaCO^)  v*.  associated  with  calcium  phosphate  in  Imne.  tooth, 
and  in  come  fluids,  but  it  occurs  in  rclalively  much  smaller  amount.  It  \*  kept  in  solution  by  alka* 
line  chlorides,  or  bv  the  presence  of  free  carNmic  acid.] 

TAmmonium  chloride  ^NlI^Cl). — Minute  traces  occur  in  the  gastric  juice  and  the  urine.] 
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[Magnesium  phospbate  (Mg^PO^)  occun  in  the  tissues  and  fluids  of  the  Uxljr,  tloif  tMi 
calcium  phosphate,  hut  in  very  much  smaller  quaniity.] 

IV.  Free  Aclda. — UydrsKhhru-  ad,i  {  HCl)  [occxxn/rte  tn  the  gastric  juice,  but  in  combiotiloe 
with  the  alkalies  it  K  widely  di&lribulc<l  »  chlundes].  Snlphuhc  add  fHjSO,)  [is  said  loocar 
free  in  the  saliva  of  ctrrrain  gnstenipods,  as  L>ulium  gaJea.  In  the  body  il  foms  sulphsles,  I«tig 
chiefly  in  combination  with  sotU  anrl  potash]. 

V.  Bases.  —  SiJi.-on  as  silicic  acid  (SiO, ) ;  manganesr,  iron,  the  last  forms  an  Uitegtal  cowlitKai 
of  the  bloiMi  pigment;   capper  (?),  {\  I74). 


348.  fBl  ORGANIC  COMPOUNDS— I.  THE  ALBUMINOUS  OR  PROTBID 
SUBSTANCES.— 1.  True  Proteids  and  their  Allies.— Proteids  or  Albumins  srtd  their 
allies  iirc  cnmjxiscd  of  C,  H,  O,  N.  and  .S,  and  arc  dcriveii  from  plants  (see  Inlroductum). 

{According  to  Hoppe-Seyler  their  general  percentage  compo<itiun  is — 


O.  H. 

.   30.9       6.9 
.   33.5  to  7.3  to 


N.  C.  S. 

15.2        51.5        0.3 
J7.O  to  54.5  to  2.O.] 


They  exist  in  all  animal  fluids,  and  in  nearly  all  the  tissues.  Tlicy  occur  partly  in  ttM  fluid 
form,  although  Ilrilcke  maintains  that  the  molecule  of  albumin  exists  in  a  conditiuti  midwty 
lietwecn  a  !>talc  of  imbibition  and  a  true  solution,  and  portly  in  a  more  concentrated  condiQon. 
Besides  forming  the  chief  part  of  muscle,  nerve,  and  gland,  they  occur  in  nearly  all  the  daidt 
of  the  l»ody,  including  the  blood,  lymph,  and  serous  fluids;  bat  in  henlth  mrrr  traces  •Xfw  lu 
the  sweat,  while  they  are  absent  from  the  bile  and  the  urine.  Unboiled  white  of  egg  U  the 
type.  In  the  olimenlary  canai  they  arc  changed  into  peptones.  The  chief  products  derived  &Mi 
their  oxidation  within  the  boily  are  CO,,  11, O^  and  especially  urea,  which  contains  nearly  all 
the  N  nf  the  proteids. 

Constitution. — Their  chemical  conslitiition  is  quite  unknown.  Tlie  N  seems  to  exbl  in  two 
di^inct  conditions,  partly  loosely  combined,  so  as  to  yield  ammonia  readily  when  ther  are  decra- 
pused,  and  partly  in  a  more  fixed  condition.  According  to  rtiager,  part  of  the  N  in  //ciw/ protei4 
bodies  exists  in  the  form  of  cyanogen.  The  proteid  molecule  ts  very  Urge,  and  is,  very  (iruUbl^ 
a  complex  one;  a  small  part  of  the  molecule  is  composed  of  substances  from  the  group  of  •irwaht/ir 
Inxlies  (which  became  conspicuous  during  putrefaction),  the  larger  part  of  the  molecule  bclooc*  to 
the  fiitty  bodies  (during  the  oxidation  of  albumin,  fai'y  acids  esi^ccially  arc  deve'opcdj.  Crr4»^ 
hydrates  may  also  appear  as  decomposition  products  {h'rHienderg),  for  the  decomposttioos  durifl( 
digestion,  see  \  170,  and  during  pulrefaction,  {  1S4.  The  proteids  form  a  lai^e  group  of  closely- 
related  sulistanccs.  all  of  which  arr,  perhaps,  modifications  of  the  &ame  body.  When  we  rcmemhcf 
that  the  infant  manufactures  most  of  the  proteids  of  its  ever-growing  body  from  the  casein  in  min!. 
this  last  view  seems  not  imjirobable. 

Characters, — Proteids,  the  anhydrides  of  peptones  {\  1G6),  arc  coUcids  {\  191),  and,  there{ar^ 
do  not  diffuse  easily  through  animal  membranes;  tliey  are  amorphous,  and  do  not  cryatalliie.  and, 
hence,  are  isolated  with  difficulty;  some  are  soluble,  others  are  insoluble,  in  water;  arc  insoluhle  in 
alcohol ;  rotate  the  ray  of  polarized  light  to  the  U/t ;  in  a  flame,  they  give  the  odor  of  hurnrd  horn. 
Various  metallic  salts  and  alcohol  precipitate  them  from  their  solution;  they  are  coagulated  t? 
heat,  mineral  acids,  and  the  prolonged  action  of  alcohol.  Caustic  alkalies  dissolve  them  (yellow), 
and  from  this  solution  they  arc  precipitated  by  acids.  By  powerful  oxidizii^  agents  they  yield 
carbamic  acid,  guanidin  and  volatile  fatty  acids. 

Decompositions. — When  acted  upon  in  a  suitable  manner  by  acids  and  alkalies,  they  give  rise 
to  the  dccomijosition  pro<1ucts — Icucin  (io-t8  per  ccDt.).tyro$in  (0.25-2  percent  l.a^par^nic  sod, 
glutamic  acid,  and  also  volatile  fatty  actds,  benzoic  and  bydroc>anic  actcU,  and  aldehydes  of  ben»>ic 
and  fatly  acids;  also,  indo  ( /K/rrriitv/i,  Hufyermann).  Similar  products  are  formed  during  pan- 
creatic digrslicn  (\  170),  and  during  putrefaction  W  1S4}. 

Reactions. — (1)  i*hey  are  coagulated  by  nitric  acid,  and  when  boiled  therewith,  give  a^^vAw 
the  xanthoproteic  reaction ;  the  addition  of  ammonia  gives  a  deep  orange  color. 

(2)  Milliin's  reagent  (nitrate  uf  mercury  with  nitrous  acid);  when  healed  with  this  reagfl 
above  60°  C,  they  give  a  red,  probably  owing  to  the  formation  of  tyrosin.  [If  the  promdi 
are  present  in  lame  amount,  a  red  precipitate  occurs;  but  if  mere  traces  arc  present,  only  the 
fluid  becomes  red.] 

(3)  The  addition  of  a  few  drops  of  solution  of  cupric  sulphate,  and  the  subsefiuent  addition  ri 
cauklic  potash  or  soda,  give  a  violet  color,  which  deepens  on  boiling  [the  same  color  is  obtamed  by 
adding  a  few  drops  ^^  Fehling's  solution  (biuret  reaction}.] 

(4)  They  are  precipitated  by  acetic  acid  and  ))otassium  fcrrocyanide. 

(5)  When  boiled  with  concentrated  hydrochloric  acid,  they  give  n  violet-red  color. 

(6)  Sulphuric  acid  containing  inolytHlic  acid  gives  a  blue  color  [Frfihde). 

(7)  Their  solution  in  acetic  acid  is  colored  violet  with  concentrated  sulphuric  add,  and  shows  the 
alisorption  band  of  hydrobilirubin  {.^dttrnkirtmez). 

(8)  Iodine  is  a  good  microscopic  reagent,  which  strike*  a  brownish-yellow,  while  sulphuric 
and  cane  sugar  give  a  purplish- violet  (£.  SfAu/tu). 
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rfp)  When  boil^  wiih  acdic  acid  aiH  an  equal  volume  of  a  concentrated  solution  of  sodjciuK 
dtale,  ihry  are  precipiiated.  Thix  method  is  used  fnr  removing  protcida  from  other  liquidii,  as  it 
Iocs  not  interfere  with  the  presence  of  other  substances.  Saturation  with  suJio-magnetic  sulphate 
>rccipitates  the  proteids,  but  not  peptones.] 

MQ  THE  ANIMAL  PROTEIDS  AND  THEIR  CHARACTERS.— They  have  been 
Urided  into  classes : — 

Class  I. — Native  Albumins.— Native  albumins  occur  in  a  natural  condition  in  the  solids 
liid  fluids  oT  the  body,  Thcvarc  soluble  in  water,  and  arc  not  precipitated  by  .ilknline  carbonates, 
SaCI,  or  by  very  dilute  acids.  Their  solutions  arc  coa{^latcd  by  hent  at  65°-73°  C.  Dried  at  40* 
1,  they  field  a  clear,  yellow,  amber-colored,  friable  mass,  *■  soluble  albumin,"  which  is  soluble  in 
rater. 

(i)  Serum  albumin,  whose  chetnico-physicnl  characters  are  given  in  |  32,  and  its  phynological 
iropenien  at  $41.  AlmoM  all  its  salts  m:iy  be  removed  from  it  by  dialysis,  when  it  i*;  no  lon^r 
Xttgulatcd  by  heat  (Schmidl).  It  is  copulated  by  strong  alcohol,  and  is  easily  dissolved  in  strong 
ivdrocliloric  acid.  When  precipitated,  it  is  readily  soluble  in  strong  nitric  acid.  It  is  not  cuagulated 
vh«n  shaken  up  with  ether.  The  addition  of  water  to  the  hydrochloric  solution  precipitates  acid 
dbumin.     For  its  presence  in  urine.  \  264. 

{2)  Egg  albumin.  Whrn  injected  into  the  blood  vessels  or  under  the  »kin,  or  even  when 
nrrtviuced  in  Lirge  quantity  into  the  intestine,  part  of  it  appenrs  unchanged  In  the  urine  (J  192.  4, 
ind  \  264).  When  shaken  with  ether,  it  is  precipitated.  These  two  reactions  serve  to  distinguish 
t  from  {tl.     The  specific  ntntion  is  JJ.S**.     Amount  of  S,  1.6  per  cenL 

(Metalburain  and  Paralbumin  have  been  found  by  Scherer  in  ropy  solutions  in  ovarian  cysts; 
hey  arc  only  panially  precipitated  by  heat.  The  precipitate  thrown  down  by  the  action  of  strong 
Jcobol  is  soluble  in  water.  They  are  not  predpilated  by  acetic  acid,  by  acetic  acid  and  ])olassium 
errocyanide,  by  mercuric  chloride,  or  by  satur.ntinn  with  magnesium  sulphate.  Concentrated  sul- 
phuric acid  and  acetic  acid  ijive  a  violet  color  (.^JiimX-tru'i^z).  According  to  Hammarstcn.  mct- 
ilburain  is  a  mixture  of  paralbumin  and  other  proteid  substances.  On  l)eing  boiled  with  dilute  sul- 
iharic  acid,  they  yield  a  reduciiu  substance  (?  sugar)). 

Class  IL— Globulins. — They  are  native  protcida,  which  arc  insoluble  in  distilled  water,  but 
loluble  in  dilute  saline  solutions,  sodium  chloride  of  i  per  cent.,  and  in  magnesium  sulphate 
These  s-^Iuiions  are  coagulated  by  heat,  and  are  precipitaiett  by  the  addition  of  a  large  quantity  of 
irster.  Most  of  them  are  precipitatid  from  their  sodium  chloride  solution  by  the  addition  of  cry«als 
T*»odium  chloride,  and  also  bv  saturating  their  neutral  soltUion  at  30°  witA  cryUati  of  ma^pterium 
uJpAaie.  When  acted  upon  Sy  dilute  acids,  they  yield  acid  albumin,  and  by  dilute  alkalie.s.  alkali 
ILmmin 

( 1 )  Globulin  iCry&tallin)  is  obtained  by  [»u«ng  a  stream  of  CO3  through  a  watery  extract  of  the 
Tysiallinc  \tn%. 

(2)  Vitelltn  is  the  chief  proteid  in  the  yelk  of  egg.  It  is  also  said  to  occur  in  the  chyle  (?)  and 
«  the  amniotic  fluid  (  H'eyf).  Both  the  foregoing  are  not  precipitated  from  their  neutral  solutions 
y  saturation  with  sodium  chloride. 

(3)  Paraglobulin  or  Serum  globulin  [\  29),  and  in  nrinc,  (264. 
(■4)   Fibrinogen  1 5  29). 

(S>  Myosin  t«  the  chief  proteid  in  dead  muscle,  lis  coagulation  in  muscle  fWit  mortem  consli- 
Hles  rigor  mortis.  If  muscle  be  repeatedly  w^ashed,  and  aflcrwanl  treated  with  a  10  per  cent 
olution  of  sodium  chloride,  it  yields  a  viscid  thud,  which,  when  droppcti  into  a  large  quantity  of 
iisnUed  water,  gives  a  white  flocculcnt  precipitate  of  myosin.  It  is  aim  precipitated  from  '\\s>  XaCl 
olution  by  crystals  of  NaCI.     For  Kiihne's  method  of  preparation,  sec  \  293. 

(6)   Globin  \  Preyrr],  the  proteid  residue  of  hn:nioglobin.  \  tS. 

Class  HI. — Derived  Albumins  (Albuminates).— (i)  Acid  Albumin  orSyntonin.-^When 
irotetds  are  dissolved  in  the  stronger  acids,  f.^.,  hydrochloric,  they  l>ecome  changed  into  acid 
Ibumins.  They  are  precipitated  from  solution  by  the  arldition  of  many  salts  (NaCI,  NajSOj).  or 
ff  neotrali/ation  with  an  alkali,  e.^.,  sodic  car^*onaie,  hut  they  are  not  precipitated  by  heal.  The 
onccntrated  solution  gelatinises  in  the  cold,  and  is  redis&olved  by  heat.  Syntonin,  which  is 
iblaincd  by  the  prolonged  acticm  of  dilute  hydrochloric  acid  (2  per  1000^  u|>on  minced  muscle,  is 
.1mi  an  acid  allmmin.  It  is  formed  alK>  in  the  stomach  during  digestion  ({[  166, 1).  According  to 
k)yka,  the  alkali-  and  acid  albumins  ditfer  from  each  other  only  in  so  far  as  the  proteid  in  the  one 
asc  is  united  with  tlie  base  (metal)  and  in  the  other  with  the  acid. 

(2)  Alkali  Albumin. — If  egg.  or  scrum  albumin  be  acted  upon  by  dilute  alkalies,  a  solution  of 
Ilcftll  albumin  is  oMainetl.  Strong  caustic  potash  acts  u]K)n  while  of  egg,  and  yields  a  thick  jelly 
LuifrJbSihn).  The  solution  is  not  precipitated  b)-  heat,  but  it  is  precipitated  by  the  addition  of  an 
cid. 

(j)  Casein  is  the  chief  proieid  in  milk  {\  331).  It  is  precipitated  by  acids  and  by  rennet  at  40° 
*.  in  ill  characters  tt  is  closely  related  to  alkali  atbumitukte,  but,  according  to  O.  Nasse.il  contains 
vwe  N.  It  contains  a  large  amount  of  phosphorus  (0.S3  |jeT  cent.).  It  may  lie  predpiiaied  from 
lilk  by  diluting  it  with  several  times  its  volume  of  water  and  adding  dilute  acetic  acid,  nr  by  adding 
lagucsium  sulphate  crystals  to  milk  and  shaking  vigorously.    Owing  to  the  large  amount  of  phos* 
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phorns  which  it  contAtns,  it  is  sometimes  referred  to  the  nucleo-albumins.     Wbeu  it  i^  digntcd  villi 
dilute  net  (o.i  |ier  ceni.)  and  pepsin  at  the  tempemture  of  the  body,  it  gradually  yields  nudan. 

Class  IV.— Fibrin.— For  fibrin,  see  ?  27.  and  for  the  fibrin  factors,  |  29. 

Class  V. — Peptones.— For  peptones  oiid  propeptone  [hemialbumoae],  sec  I  166, 1.ied 
in  urine,  ij  264. 

Class  VI. — Lardacein  and  Other  Bodies. — There  fall  to  be  mentioned  the  "v.-ii/  i->\>in-' 
which   occur  in  the  yelk:    Ichthin    (cartilaginous   fishes,   frog);     Ichthidin     (<  "•]; 

Ichthultn  (salmoni:  Emydin  (tortoise— ra/^«fi>««<rj  ami  Frtmy);  also  the  in  >  m» 

loid  substance  (  Virtk&w)  or  lardacein,  which  occurs  chieHy  as  a  paiholocical  inhU: 
various  organs,  as  the  liver,  spleen,  kidneys  and  blood  vessels.     It  gives  a  blue  with  i 
sulphunc  acid  (like  cellulose),  and  a  mahogany  brown  with  iodine.     It  is  difficult  to  chau|£C  ttiuUi 
an  albuminate  by  the  action  of  aciils  and  alkalies. 

Class  VII. — Coagulated  Proteids. — When  any  native  albumins  or  globules  are  cosnklvd, 
cv?"..  at  70"  C,  they  yield  bodici  wiih  ahcred  characters,  insoluble  in  water  and  wlinc  5olatKNtt,hri 
soluble  in  boiling  strong  acids  and  alkalies,  when  they  are  a|H  to  split  up.  They  are  diMoM 
during  gastric  and  imncrcatic  digestion,  to  prmiuce  pcpifities. 

Appendix:  Vegetable  Proteid  Bodies.- Plants,  like  animals,  conuin  proteJd  bodHi, 
although  in  less  amount.  They  occur  cither  in  solution  in  the  juices  of  liviDg  planu  oi  in  Ik 
solid  form.     In  composition  and  reaction  they  resemble  animal  proteids. 

[The  charactera  of  the  pmtcitls  occurring  in  plants  have  not  l>ceD  sufficiently  investigileJ  to 
generalize  on  tht;  nature  of  the  bodies  themselves.  As  far  as  our  knowledge  at  present  extendi, 
they  have  a  great  resemblance  lo  animal  proieid^.  They  have  frequently  been  obtained  tn  % 
crystalline  form  {/faMJtn/er)^  e.g.,  from  the  seeds  of  the  gourd  {GriifiUr)  and  various  oleagioosi 
Keed«  I  Ri(/fta$iieH).  They  occurin  greatest  bulk  in  the  seetis  of  plants,  aleurone  grains  beuig  Tot 
the  most  part  composer!  of  (hem.l 

[As  rcgardN  the  kimls  of  pnrtrid,  Ihe  researches  of  late  years  (since  1S77)  have  shown  Ihilia 
sced<i,  globulins  and  "  vegetable  peptone"  form  the  greater  proportion  of  the  pn.>ieid  conflinietrti. 
The  existence  of  this  "  )>e|>tone,"  however,  is  denied  (  Vittti^,  and  other  bodies  similar  in  tame  |af- 
liculars  to  peptones  have  been  described,  viz.,  albumoses  (  yines,  MaTiin).'\ 

[Globulins.— 11] ree  varieties  have  been  described  as  occurring  in  the  seeds  of  plants:  vegatablt 
myosin  (Hopp^ Sevier),  vitelHn  ( li^eyl),an^\  paraglobulin  {Afartitt).  They  have  |jractically  Uw 
same  properties  as  those  found  in  the  animal  kingdom  :  vegetable  vitellin  h«».  however,  not  been 
sufficiently  sturlicd.  Paraglobulin  has  Iwen  founil  in  pa|)aw  juice  {iMnr/in).  Myosin  occurs  ifl  ibe 
sccils  of  IcguminosK,  in  flour  and  in  the  potato.] 

[Albumin. — Tlie  existence  of  a  body  corresponding  to  egg-  or  serum  albumin  in  the  vegeubk 
kingdom  is  doubtful  {fCitrkunsru).     Such  n  body  has  been  described  in  papaw  juice  (Afartim\,\ 

[Vegetable  Peptone:  Albumoses. — A  true  peptone  has  not  yet  been  recognized  in  pisata: 
what  has  been  dcscritwd  as  such  is  hemialbumose  (  f-'rn^r).  The  existence  of  albamosei  it)  tbe 
regetable  kingdom  is  probably  widespread;  up  to  the  present  dale  they  have  been  described  u 
occurring  in  the  seeds  of  lcguminos.T,  in  tlour,  and  in  papaw  juice.  In  the  last,  Iwo  forms  occar, 
called  respectively  a-  and  if-phytalbumose.  The  lorraer,  d-phytalbunw^e,  agrees  with  tbc 
hemialbumose  described  by  Vines,  being  soluble  in  culil  and  bioiling  water;  giving  also 
reaction,  and  a  precipitate  by  saturation  with  sodium  chloride  only  in  an  acid  solution.  The 
|9-phytalbumote,  is  soluble  in  cold,  but  not  in  boiling,  distilled  water;  hence  it  is  preci| 
heat.  It  is  also  readily  thrown  down  by  saturation  with  sodium  chloride,  and  gives  a  faint  bisnl 
reaction  {Afayt{n).'\ 

[Vegetable  Casein  is  said  to  occur  in  the  seeds  of  legnminosse ;  and  it  is  slightly  soluble  is 
water,  tut  readily  so  in  weak  alkalies  and  in  solutions  of  basic  calcic  phosphate.  A  soloticM  of 
this  body  is  precipitated  by  acids  and  rennet.  Two  varieties  have  been  described:  {a)  tacnaio, 
in  peas,  beans.  lentils  (1805);  acid  in  reaction,  soluble  in  weak  alkalies  and  very  dilute  HQor 
acetic  acid  {Emhof,  iSos);  {^)  conglutin,  a  very  similar  body  occurring  in  hops  and  alnonb 
{ /iiiiMattsen).  The  existence  of  vegetable  casein  is  denied  [iVeyl,  tHyj ;  Vitut^  /SyS  to /$U\- 
Vines  states  tliat  l>oth  legumin  and  conglutin  are  artificial  pruducts,  being  formed  from  the  Klo(«flu 
present  Iry  the  dilute  alkali  used  in  extraction  of  the  proteids.     This  is  denied  by  KitthauKo.l 

[Gluten  and  Glutin. — (iluten  is  readily  prepared  from  Hour  by  washing  ami  kneading  ii  ia  > 
muslin  bag  under  a  stream  of  water.  So  prepared  it  is  yellonish-brown  in  color,  very  AJcky,  uxl 
capable  of  being  drawn  out  into  long  shreds.  It  is  insoluble  in  water,  soluble  (but  not  compldelyl 
by  prolonged  action  in  dilute  acids  and  alkalies  (.2  per  Cent.  KliO  and  HQ).  The  prDloSgaJ 
aaion  of  alcohol  (So  to  85  per  cent.)  dissolves  port  of  the  substance  of  gluten  (Taf/Jn*  lyUfii 
leaving  a  re<«idue.  called  by  I.iebig  plant  fihnn  and  by  Kitthausen  gluten  casein.  The  alcnbofcoo* 
tains  gltadin  (glutin),  gluten  fibrin  and  mucedin  {Rii/haMun).  Gluten  casein  is  readily  scJibl* 
in  dilute  alkalies,  almoM  insoluble  in  dilute  acetic  acid.  an(l  quite  insoluble  in  cold  aad  bniliiC 
water;  the  products  of  its  decomposition,  by  heating  with  HjSOj,  arc  leucin,  tyrosin,  glutamic  "^ 
asparaginic  acids.  The  three  bodies  dissolved  from  glutin  by  alcohol  differ  chiefly  in  ibeir  wlaHllif 
in  alcohol  and  water.  Gluten  fibrin,  the  least  soluble,  is  coagulated  by  the  acfion  of  atv'iliite 
alcohol ;  it  is  readily  soluble  in  dilute  acids  and  alkalies,  being  precipitated  by  neuiralua»°*- 
Qliadin  (gluten,  plant  gelatin}  may  be  prepared  by  boiling  gluten  with  water :  it  deposits  oo  cou- 
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tne  the  volDtion.  Though  soluble  in  water  at  lOo"  C,  at  first,  it  becomes  insoluble  by  the  prolonged 
action  of  water  at  that  temperainrc.  It  is,  like  gluten  fibrin,  soluble  in  ttilulc  acids  and  alkalies. 
Muccdin  ilifTers  from  ^liadin  iit  bcitiK  le&s  soluble  in  strong  alcohol ;  ii  is  considered  by  Kitthausen 
as  a  mclifi cation  of  gluten  fibrin.  Tlie  exi^ttence  of  these  several  cniutituents  of  gluten  has  not 
been  definitely  proved:  ihey  were  firit  described  by  RiUhausen  (1872).  The  fomialion  of  glulen 
has  been  ascribed  by  W'eyl  to  a  fermeut  action  similar  to  the  formntion  of  blood  fibrin  ;  all  aitcmprs, 
however,  to  is/>late  a  ferment  have  proved  fniitle'is.  Tbe  water  used  in  wa.shing  the  flour  in  the 
preparation  of  j;luicn  contains  hemialbumose  (  Vints)  and  a  globulin  ( ft''ey'/).  Rye  Hour,  as  well  as 
wbeaten,  yield5  ^rlutcn  under  simitar  treatment  with  water-l 

[Nitrogenous  Crystalline  Principles. — Leucia,  tyrosin,  aaparagin,  and  glutamic  acid,  have 
facett  fouixi  tn  the  seeds  of  plants.] 

350.  fa)  THE  ALBUMINOIDS. — These  substances  closely  resemble  true  proteids  in  their 
composition  and  orit;'".  s^nd  are  aniorphouf  non-crystalline  colloids;  wnne  of  them  do  not  contain 
S,  but  the  most  of  them  have  nut  been  prepared  free  from  ash.  Their  reactions  and  dccumixwition 
products  cKwcly  resemble  those  of  the  proteids;  some  of  ibcm  produce,  in  addition  to  Icucin  anil 
ttrosin.  glyctn  and  alanin  fomido-propionic  acid).  They  occur  as  organized  constituents  of  the 
Bnes  and  al^  in  fluid  fonn.  It  is  unknown  whether  they  are  formed  by  oxidilion  from  proieid 
Bodies  or  by  synthesis. 

1.  Mucin  is  the  characteristic  substance  present  in  mucus.  Ii  contains  no  S.  That  otMained  from 
the  submaxillary  gland  contains— C  52. 31,  >I  7.22,  N  ii  84.  O  38.6.^.  It  dissolves  in  water,  mak- 
in|(  it  sticky  or  slimy,  and  can  be  filtered.  It  is  precipitated  by  acetic  acid  and  alcohol ;  an<1  the 
alcohol  firecipitate  is  again  soluble  in  water.  It  is  not  precipitated  by  acetic  acid  and  ferrocyanide 
of  po*as5ium,  but  HNOj  and  other  mineral  acids  precipitate  it  (SiA/nr).  It  occurs  in  saliva  (?,  146), 
in  bile,  in  mucous  glands,  sccreliuns  of  mucous  membranes,  in  mucous  tissue,  in  synovia,  and  in 
tendons  (.■^.  RoHftt).  Pathologically  it  occurs  not  unfrequently  in  cysts;  in  the  animal  kingdom, 
especially  in  snails  and  in  the  skin  of  holothurians  {EicAwald).  It  yields  Icucin  and  7  per  cent  of 
tyr»in  when  it  is  decomposed  by  prolonged  boiling  with  sulphuric  acid.  [The  precipitate  called 
mucin  has  not  always  the  same  characters,  and,  in  fact,  it  differs  according  to  the  animal  from  which 
it  is  obtoine*!  {LanJwtfir)  ] 

2.  Nuclein  (Miescher,  \  198) — (C  29,  H  49.  N  0,  P  3,  O  22) — contains  phosphoric  acid,  and  is 
slightly  soluble  in  water,  easily  in  ammonia,  alkaline  carbonates,  strong  HNO^ ;  it  gives  the  biuret  re- 
action; no  reaction  with  Milton's  reagent:  when  decomposed  it  yields  phosphorus.  It  occurs  in  the 
nuclei  of  pus  and  btrvod  corpuscles  {\  22),  in  sjiermatozoids.yclk  spheres,  liver,  brain,  and  milk,yca.st, 
fun^.  and  many  seeds.  It  has  resemblances  to  mucin,  and  is  perhaps  an  intennediale  product  between 
albumin  and  lecithin  (Hopfyt-Seyier).  It  is  prepared  li>the  artificial  digestion  of  pus  wiien  it  remains  as 
an  indigestible  residue ;  acids  precipitate  it  from  an  alkaline  solution.  It  gives  a  feeble  xanthoproteic  re- 
action ;  after  the  prolonged  action  of  alkalies  and  acid,  substances  similar  to  albumin  and  synlonio  are 
formed.     Hy]Joxanthin  and  guanin  have  been  obtained  aa  decomposition  products  from  it  [Kostel). 

3.  Keratin  occurs  in  all  homy  and  epidermic  tissues  (epidermic  scales,  hairs,  oaiU,  feathers)— 
C  50.3-52.5,  H  6.4-7.  N  1 5.2-17,  O  20.R-r5,  S  0.7-5  percent.— is  soluble  in  boiling  caustic  alka- 
lies, but  swells  up  in  cold  cuncenlmlcd  acetic  aci<i.  When  decomposed  by  H,SO,  it  yields  10  per 
cent.  Icuciti  and  36  per  cent,  tyrosin.     Neurokeratin,  \  321. 

4.  Fibroin  is  soluble  in  strong  alkalies  and  mineral  acids,  in  ammonia-sulphate  of  copper  ;  when 
boiled  with  H.SO,  it  yields  5  per  cent,  tyrosin,  leucin,  and  glycin.  It  is  the  chief  constituent  of 
tbe  cocoons  of  insects  and  threads  of  spiden. 

5.  Spongin,  altird  to  fibroin,  occurs  in  the  bath  sponge,  and  yields,  as  decomfiosition  produda, 
leucin  and  glycin  [Stild^ier). 

6-  Elastin,  the  fundamenul  substance  in  elastic  tissue,  is  soluble  only  when  boiled  in  concen- 
trated caustic  |K>tash^C  55-55.6,  H  7.1-7.7,  N  16.1-17.7,  O  19.2-21.1  per  cent.  It  yields  36-45 
per  cent,  of  Icucin  and  \i  per  cent,  of  tyrosin. 

7.  Gelatin  (Clutini,  obtained  from  comieciive  tissues  by  prolonged  boiling  with  water;  it  gela- 
linlret  in  the  cold— C  52.2-50.7.  H  6.6-7.2,  N  17.9-18.8,  S  -f-  O  23.5-25,  fS  0.7  per  cent.).  [The 
ordinary  connective  tissues  arc  supposed  to  contain  the  hyiKtthctical  anhydride  collagen,  while  the 
organic  basis  of  bone  is  called  ossein.^  It  rotates  the  ray  of  polarized  light  strongly  to  the  left. 
By  prolonged  boiling  and  digestion  it  is  converted  into  a  peptone-like  body  (gelatin  peptone), 
which  does  not  gelatinize  {\  loi,  I ).  [It  swells  up,  but  does  not  dissolve  in  cold  water  ;  when  dis- 
solved ID  warm  water,  and  tinged  with  Berlin  blue  or  carmine,  it  forms  the  usual  colored  mass 
which  is  employed  by  hi-stologists  for  making  fine  transparent  injections  of  blood  vessels.]  A  body 
resembling  gelatin  is  found  in  leukicmic  blood  and  in  the  juice  of  tbe  spleen  {\  103, 1).  When 
decomposed  with  mlphuric  acid  it  yields  glycm,  ammonia^  leucin,  but  no  tyrosin.  It  gives  insoluble 
precipitate*  with  mercuric  chloride,  and  tannin. 

S.  Chondrin  (^vi.  Mti/Ur)  occurs  in  the  matrix  of  hyaline  cartilage  and  between  the  fibres  in 
6bro  carttlnge.  It  is  obtained  from  hyaline  Cartilage  and  the  cornea  by  boiling.  It  occurs  also  in 
the  mantle  of  mnjtuscs — C  49.5-50.9,  H  6.6-7.1,  N  14. 4-14.9,  S  +0  27.2-29  (S  0.4  per  cent  ). 
NMien  boiled  with  sulphuric  acid  it  yields  leucin;  with  hydrochloric  acid,  and  when  digested, 
chondrn  glurase(  J/Wj-jk/ti  ;  it  belongs  tn  the  glucosidcs,  which  contain  N.  AVhen  acted  upon  by 
osidinng  reagents  it  is  converted  into  gel.Tlin  [Urumf).     The  substance  which  yields  chondrin   is 
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called  chondrogen,  which  ii  {Krhaps  an  anhydride  of  chondrin.  The  following  properties  of  gdniii 
and  chondrin  nre  to  be  noted  :  OeUtin  is  precipitated  by  tannic  acid,  mercuric  chJoridc,  cbhmM 
water,  platinic  chloride,  and  alcohol,  but  not  by  acids,  alum,  or  salts  of  silver,  iron,  copper,  or  laA; 
its  specific  rotation  is  :^  —  *SO°.  [Compare  these  prccipitanls  with  those  of  albumin.]  CbondriD 
is  precipitated  by  ncctic  acid  and  dilute  sulphuric  and  hydrochloric  acids,  by  alum,  and  bya^of 
silver,  iron,  and  lead  ;  its  specific  rotation  =  —  213*'. 

9.  The  hydrolytic  ferments  have  recently  been  called  Enzymes  by  W.  Ktlhne,  in  onktu 
distinguish  them  from  organijrcd  ferments,  such  as  yeast.  The  en/ymes,  hydnalyiic  or  or|;aiiic  fer- 
ments, act  only  in  the  presence  of  water.  They  act  upon  certain  Ijodies,  causinc  them  to  take  Bpt 
molecule  of  water.  They  all  decompose  hydric  peroxide  into  water  and  O.  TItey  are  most  lOtTC 
between  30  and  35"  C,  and  nte  destroyed  liy  boiling,  but  when  dry  they  may  be  subjected  to  i  tem- 
perature of  100*'  without  beinp  destroyed.  Their  solutions,  if  kept  for  a  long  lime,  gradually  lose 
their  pro|>crties  and  undergo  more  or  less  decompo»tion. 

in)  Sugar  forming  or  diastatic  ferment  occurs  in  saliva  ({  148^,  pancreatic  juice  (}  170), 
intestinal  juice  (^  1831,  Lile  (^  180),  blood  (^  22),  chyle  (J  1S9),  liver  (g  174),  in  human  milkjlljl}. 
Invertin  in  iniestinnl  juice  ('I  1S3). 

Almost  alt  dead  tissues,  oi^anic  Haids,  and  even  proteids,  although  only  to  a  flight  degree,  Mjr 
act  diastAticallv.      Diastatic  ferments  are  very  (generally  di>»tributcd  in  the  ve^ctahie  AiH*;J<fm. 

{b)  Proteolytic,  or  fermenti  whUh  act  upon  Prt}rfii/s.^J*e\yt'm  in  gastric  juice  and  to  tunrle 
($  166).  in  vetches,  myxomycetcs  ( ^ruienS/rx),  trypsin  in  the  (wncreatic  jatce  ({  I70),asniriv 
ferment  in  the  intestinal  juice  (^  183),  and  urine  ($  264). 

(«■)  Pat-decomposing  in  pancreatic  juice  (^  170),  in  the  stomach  (5  166). 

fi/)  Milk-coagulating  in  the  stomach  ({  166),  pancreatic  juice  (}  170),  and  perhaps  aba  in  Ai 
intestinal  juice  (?j — (  /('.  A'obtrrts). 

I'llie  importance  of  fermenlive  processeB  has  already  been  referred  to  in  detail  uadcr 
*' Digestion.'*  Ferments  arc  (>odiei  which  excite  chemical  changes  in  other  mater  with  vfcid 
they  are  bruught  into  cuntacL     They  are  divided  into  two  claues  :-^ 

(i)  Unorganized;  s<.)luble  or  non-living. 

(2)  Organized,  or  living.] 

[Table  showing  the  unorganized  fennenis  present  in  the  body,  and  their  actions. 


Fluifi  or  Ti«uei. 

FCTTOtnt                                                        Acrian. 

Sfttiva.  ....... 

1.  Plyalio,  (J!  148)  ..... 

Converts  surcb  chiefly  into  malloac. 

Gastric  juice,   .... 

I.  Pepsin,  .           .           •    •  \ 

Converts  proieids  into  peptones  in  ts 
acid  medium,  certain  by-produCB 
being  formed  ]\  166). 

Curdles  casein  of  milk. 

Splits  up  milk  sugar  into  lactic  add. 

Splits  up  fats  into  glycerine  and  bXj 
acids. 

a.  Milk  curdline, 

3.  Ijictic-acid  ferment,    .    . 

4.  Fat  fplitting, 

Pancreatic  juice,  ... 

1 .  Diastatic  or  amylopsin,    .       Converts  stardi  chiefly  into  DtMllofc. 

(  Changes  proteids  into  peptones  in  il 

2.  Trypsin J       alkaline    medium,  certain    by-^ 

(      ducts  being  formed  ({  170). 

3.  Emulsive,  (?) jEmuUities  fats. 

♦.  F..,pliningora«.f«in..  {^^'2\l'"   "'°   ^'''"""  "^  '% 
5.  Milk  curdling, |Curdlcs  casein  of  milk.                     ^ 

Intestinal  juice,   .    .    ,  - 

1.  Diastatic, | 

2.  Proteolj-tic 

3.  Invertin 

4.  Milk  curdling, 

Does  not  form  maltose,  bat  fsaUosei* 

changed  into  glucose  {\  iSj). 
Fihrin  into  peptone  (?). 
Changes  cane-  into  grape  angar. 
(?  in  small  intestine), 

Blood 

Chyle 

Liver,  (?) 

Milk. 

Most  tissue* 

Diastatic  ferments. 

.    . 

Muscle 

Urine 

V  Pepsin  and  other  fermentt. 

•       •                                            •      a 

Blood. 

Fibrin-forming  fcnnent. 

(Modified  from  W.  RobemVj. 
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Tbe  Unorganixed  Ferments  are  those  mentioned  m  the  preceding  table.  They  seem  lo 
beoilTogenous  bodies,  althougti  their  exact  coniposiiion  is  unknown,  and  it  is  doubtful  if  they 
have  ever  l>ccn  obtained  perfectly  pure.  They  are  /rfli/«<-ci/ within  the  body,  in  many  secretions, 
by  the  vital  activity  of  the  protoplasm  of  cells.  They  arc  termed  soluhie  because  they  aie 
soluble  in  water,  glycerine,  and  some  other  substances  (j|  148),  while  they  can  be  precipitated  by 
alcohol  and  some  other  reagents.  They  do  not  multiply  during  iheir  activity,  nor  is  their 
activity  prevented  by  a  certain  proportion  of  salicylic  acid.  They  arc  not  affected  by  oxygen 
subjected  to  the  compres-Mon  of  many  atmospheres  \P,  Bert).  They  are  nonliving.  Their 
other  properties  are  referred  to  above.] 

[(3)  The  Organized  or  living  ferments  are  represented  by  yeast  (J  235).  Otlier  living  ferments 
belonging  to  the  schuomycetes,  occurring  in  the  intestinal  canal,  are  referred  to  in  \  i&t-  Veast 
causes  fermentation  by  spliidng  up  sugar  into  CO,  and  alcohol  {\  156).  but  this  result  only  occurs 
10  loag  as  the  yeast  Ls  iiving.  Hence,  its  activity  is  coupled  with  the  vitality  of  the  cells  of  the 
yeast.  If  yeast  !«  twilcd,  or  if  it  be  mixed  with  carbolic  or  salicylic  acid,  or  chloroform,  all  uf 
which  destroy  its  activity,  it  cannot  produce  the  alcoholic  fermentaiion.  As  yet  no  one  has  suc- 
ceeded in  extracting  from  yeast  a  sulutancc  which  will  excite  the  alcoholic  fermentation.  All  the 
organized  ferments  giow  and  multiply  during  their  aaivity  at  the  expense  of  the  substances  in 
which  ihey  occur.  Thus  the  alcoholic  fermentaiion  depends  upon  the  "  life  "  of  the  yeast.  They 
are  said  to  t>e  killed  by  oxygen  subjected  to  the  compression  of  many  atmospheres  [P.  Birt).  But 
it  is  important  to  note  that  i^lopjieSeyler  has  extracted  from  dead  yeast  (killed  by  ether)  an  unor- 
ganized ferment  which  can  change  cane  sugar  into  grape  sugar.] 

10.  Haemoglobin,  the  coloring  matter  of  blood,  which,  in  addition  to  C,  II,  O,  N,  and  S,  con- 
tains  jVt>n,  may  be  taken  with  the  nlbunitnoids  ($11).  > 

(3)  Glucosides  containing  Nitrogen. — In  addition  to  chondrin,  the  following  glucosides  con- 
taining niirogen,  when  subjected  tu  bydrolytic  processes,  may  combine  with  water,  and  form  sugar 
and  other  tubsunces : — 

Cerebrin  (8  jj2)  =  C..».ioN,0,»  {Geoghtgan). 

Protagon — C  66.29,  "  10.69,  ^  3-39<  ^  i*o6tt  per  cent.— occara  in  nerves,  and  contains  phos- 
phorus \i  322*1. 

Chitin,  2(C,3lI,„NjO,o),  is  a  glucnside,  containing  nitrogen,  and  occurs  in  the  cutaneous  cov- 
erings of  arlbropoda,  and  also  in  their  intestine  and  trachea  ;  it  is  soluble  in  conceniraicd  acids,  eg.^ 
hyurochloric  or  nitnc  acid,  but  insoluble  in  other  reagents.  Accoiding  to  Sandwick,  chitin  is  an 
amin-dcnvative  of  a  carbohydrate  with  the  general  formula  n(Cj;,H;joOjoJ.  The  hyalin  of  worms 
is  closely  related  to  chitin.  (Solanin,  amygdalin  (|  202),  and  salicin,  etc.,  are  glucosides  of  the 
vegetable  kingduui.) 

141  Coloring  Matters  containing  Nitrogen. — Their  constitution  is  unknown,  and  they  occur 
only  in  animals.  1  hey  arc  in  all  probability  derivatives  of  hemoglobin.  They  are — ( i )  biematin 
((  iS,  A),  myo-hdematin  {\  232,  \  292.  </),  and  hccmatoidin  {\  20).  (2)  Bile  pigments  (^  177, 
3*.  13)  Urine  pigments  (cjiceirt  Indican).  (4)  Melanin — C  44.2,  H  3,  N  9.9,  O  42.6— or  the 
black  pigment,  which  occurs  parxly  in  epithelium  ^choroid,  retina,  iris,  and  in  the  deep  layers 
of  epidermis  in  colored  raco)  and  partly  in  connective-tissue  coipusctcs  (Lamina  fubca  of 
the  choroid). 

11.  ORGANIC  ACIDS  FREE  FROM  NITROGEN.— (i)  The  fatty  acida.  with  the  for- 
mula  CfclIjn,iO;(_>II  1,  occur  in  the  Ixidy  panly  free  and  partly  in  combination.  Free  volatile  latty 
acid-s  occur  in  decomposing  cutaneous  secretions  ( sweat).  In  combination,  acetic  acid  and  caproic 
acid  occur  OS  amido-coni}jounds  in  glycin  ( -=  omido.ocelic  aad),  and  leucin  (  =  amidu-CAproic 
acid).  Mote  especially  do  they  occur  united  with  glycerine  to  form  neuiral  fats,  from  which  the 
fatty  acid  is  again  set  tree  by  pancreatic  digestion  [\  170,  III). 

(2)  The  acids  of  the  acrylic  acid  series,  with  the  formula  CnHta-30(>{0),  are  represented 
in  the  body  by  one  acid,  oleic  acid,  which  in  combination  with  glycenne  yields  the  neutral 
fiu  olein. 


ass.  FATS.— (s)  Neutral  fats  occur  very  tJnindantly  in  animals,  but  they  also  occur  in  all 
plants;  in  the  latter  more  especially  in  the  seeds  (nuts,  almonds,  cocoanut.  poppy),  more  rarely 
in  the  pericarp  (olive)  or  in  the  root.  'I'hcy  arc  obtained  by  pressure,  melting,  or  hj  extracting 
ihtm  with  cttier  or  (>oiling  alcohol,  lliey  ['^'.t  tristcarin,  C\t^iio^o]  contain  much  less 
O  than  the  carDohydrates,  such  as  sugar  and  starch  ;  they  give  a  greasy  spot  on  paper,  and 
when  shaken  with  colloid  sutistances,  such  as  albumin,  they  yield  an  emulsion.  When 
treated  with  superheated  steam,  or  with  certain  ferments  ^p.  412,  1-),  they  take  up  water 
aod  yield  glycerine  and  fatty  acids,  and  if  the  latter  be  volatile  they  have  a  rancid  odor. 
Treated  with  caustic  alkalies  they  also  take  up  water,  and  are  decomposed  into  glycerine  and 
fatty  acids;  the  fatty  acid  unites  with  the  alkali  and  lorms  a  soap,  while  glycerine  is  set  free. 
The  soap  suluuon  dissolves  fats. 

Glycerine  is  a  tri-aiomic  alcohol,  C,H|(OH),,  and  unites  with  (i)  th«  following  monobaac 
fatty  acids  (those  occurring  in  the  body  are  printed  in  italici); — 
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ACIDS. 


Acids. 

fofmii  ,  . 
Aeetic  ^  , 
Prnpionit  . 
Bulyrii  .  . 
risobuiyric 
Valerianic 
Capr^ic  .    , 


.CHjOj 

.C.H.O, 
.C.U.O.] 


AcMk 

7.  CEoanlhylic  . 

8.  Capryiit    ,    . 

9.  Pelargonic    . 
ra  Capric  .   .   . 

11.   /.aurasfeart'c 

[3.  MyristU    .    . 
13.   Pa /mi fie  ,    . 


c;h,.o. 
L„n„o, 


Add». 

[Margaric,    ,   .C.,H„0, 
is  A  mixtnre  01 
13  and  14.] 

14.  Stearic  .    .    .    ,  C,  |U|,0, 

15.  Arachinic      .   .  C,.ll,^, 

16.  HySalc     . 

17.  Ccrotinic  , 


C,jH„0, 


The  aciik  form  a  homologous  scries  with  the  formula  ColIiB-iO(On  ).  WUh  every  CH,  fcirW 
their  bmling  point  rises  19°.  Those  containing  most  carbon  are  solid  and  nonvolatile;  those  CiO- 
taining  less  C  (up  to  and  including  10)  arc  fluid  like  oil,  have  a  burning  acid  taste,  and  a  ruod 
odor. 

The  earlier  members  of  the  series  may  be  obtained  by  oxidation  from  the  latter,  by  CK|  bebf 
removed,  while  CO^  and  H  jO  are  formed ;  thus,  butyric  acid  Is  obtained  from  propionic  acid. 

Nos.  13  and  14  are  found  m  human  and  animal  fat,  less  abundant  and  more  tnconiunt  ire  It 
II,  6,  $,  10,  4.  Some  uccur  in  sweat  (J  287)  and  in  milk  {\  231).  Many  of  them  are  devekf*^ 
during  the  dccompuaiiion  ol  nibumin  and  gelatin.  Most  of  the  above  (except  15  to  [7)  ocew  id 
(he  contents  of  the  large  intcdinc  {{  \^y)- 

(a)  Olycenne  a1»c>  unites  with  the  monobasic  oleic  ftcid,  which  also  forms  a  scries,  whose  {ca* 
eral  formula  la  Cnll,a.3(J(OH) ;  and  they  all  contain  3II  less  than  the  conesponding  members v(  the 
fatty  acid  seties.  The  correspond itig  fatly  acids  can  be  obtained  from  the  oleic  acid  scries,  and  rvr 
verid.  Oleic  acid  (nlein-cl.iinic  acid).  ^'j«lla4'-'i'  '^  '^^  "^"'y  ^^*^  found  in  the  organism;  umied 
with" glycerine,  it  forms  the  Huid  fat,  olein.  The  fai  of  new-lx»rn  children  contains  more  glyanne 
of  palmitic  and  stearic  acid  than  that  of  adulu,  which  contains  more  gtyccride  of  oleic  actd.  Oleic 
ftcid  al-so  occurs  united  with  alkalies  (in  soaps),  and  (like  some  fatty  acids)  in  the  lecithins  ()  23). 
If  lecithin  be  acted  nn  with  barium  hydrate,  we  obtain  insoluble  sleanc,  or  oleic,  or  palmitic  mM 
and  barium  oleaie,  together  with  dissolved  neurin  {\  322,  b)  and  baric  glycerin  phosphate.  Il  i|»- 
pears  as  il  there  were  several  lecithins,  of  which  the  most  abundant  are  the  one  with  stearic  acid 
and  that  with  palmitin  4-  oleic  aad  radicle  {Diakonaw).  Lecithin  occun  in  the  blood  corpsiclc* 
(I  23),  semen,  nerves,  while  neurin  is  constantly  present  in  fungi. 

The  neutral  fats  [palmitin,  stearin  (lioth  wlid),  and  nlein  (Huid)],  the  glyceridcs  of  fatty  scidi, 
and  of  oleic  aad,  arc  triple  ethers  of  the  tri-atomic  alcohol  glycerine. 

With  the  neutral  fats  maybe  associated  glycerin  phosphoric  acid,  and  acid  glycerin  ether, 
formed  by  the  union  of  glycerine  and  phosphoric  acid,  with  the  giving  off  of  a  molecule  of  wttef 
(C,H„I'U,J;  It  is  a  decomposition  product  ol  lecithin  [\  23). 

(3)  The  glycolic  ocids  (acids  of  the  lattic  acid  series)  have  the  formula  C,Hh,iO(0H),. 
They  arc  formed  by  oxidation  from  the  fatty  acid  series  by  substituting  OH  ( hydroxy! )  for  one  aioB 
of  H  of  the  fatty  acids.  Conversely,  fatly  acids  may  be  obuiued  from  the  glycolic  acids.  Ilic  fol- 
lowing acids  uf  this  series  occur  in  the  body  :  — 

(d)  Carbonic  acid  (oxy-formic  acid),  CO(OH),;  in  thia  form,  however,  h  only  makes  bId. 
Free  carbonic  acid  or  carbon  dioxide  is  an  anhydride  of  the  same  ^  CO,. 

(^j  OlycoUc  acid  (oxynceiic  acid),  C,H,0(UH),.  does  not  occur  free  in  the  body,  One  of 
its  compounds,  glycin  [glycocoll,  amidoacetic  acid,  ur  gelatin  sugar)  occun  as  a  conjugale  icid. 
viz.,  OS  glycuchohc  acid  in  the  bile  (J  177,  2),  and  as  hippuric  acid  in  the  urine  ({  3t>o).  Ulyda 
cxiats  in  complex  combination  in  gelatin. 

(r)  Lactic  Acid  (oxy. propionic  acid),  C,HfO(OH]j,  occurs  in  the  body  in  two  isomeric  furmtt 
I.  The  ethyiiiitne-iactic  aciii,  which  occurs  m  two  modilicotion:* — as  the  right  rotary  larahctii  *ai 
(iMiralacttc;,  a  metabolic  product  of  muscle;  and  as  the  ordinary  optically  inaaive  product  d 
"  lactic  fcrmcDlation,"  whtch  occurs  in  gastric  juice,  in  sour  milk  (sauerkraut,  acid  cucumber).  0^ 
caii  be  obtained  by  fermentation  from  sugar  \\  184).  2.  Tlie  isomer,  tikyitni'tattic  «nd',  ocaui  ia 
the  watery  extract  of  muscles  ({  293]. 

{d)  Leucic  Acid  {uxy-caproic  acid),  C^HnO,.  does  not  occur  as  such,  but  only  in  the  fomof 
one  of  its  derivatives,  leucin  (amido  caproic  acul],as  a  product  of  the  meialiolism  in  many  luwOt 
and  is  formed  during  pancreatic  digestion  \,\  170,  H).  Leucic  acid  may  be  prepared  from  IcsoOt 
and  glycolic  acid  bom  glycin,  by  the  action  of  nitrous  acid. 

(4)  Acids  of  the  Oxalic  Acid  or  Succinic  Acid  Series,  having  the  formula  CaH|.^,(OH]fi 
are  biba'-ic  aciiLs,  which  are  formed  as  completely  oxidized  products  by  the  oxirtation  of  (atty  |CM^ 
and  glyculic  acid,  water  being  rcuu>vcd ;  and  it  is  important  to  note  their  origin  from  sot»tlBM 
rich  in  cartmn,  e.g.^  fats,  carbohydratcf,  and  proteids. 

(a)  Oxalic  Acid,  CjO}(0[l],,  arises  from  the  oxidation  of  glycol,  Elydn,  celluloac,  «■(■■ 
starch,  glycerine,  and  many  vegetable  acids~it  occurs  ia  the  uniie  as  calcium  oxalate  \\  26oi< 

{b)  Succinic  Acid,  L\H,0.j(OH),,  has  been  found  in  small  amount  in  animal  soliit*  w** 
fluids;  spleen,  liver,  thymus,  thyroid  ;  in  the  fluids  uf  echinococcus,  of  bydrocephalus,and  of  M"^ 
cclc,  and  more  abundantly  in  dt^'s  urine  after  fatty  and  riesh  food ;  in  rabbit's  urine  after  itt&^i 
with  yellow  turnips,     It  is  also  formed  in  small  amount  during  alcoholic  feimentation  (|  I50)< 
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(5)  Cholalic  Acids  in  tbe  bile  (j  177)  and  in  the  intestine  ({  182). 

(6)  Aromatic  Acids  cuutain  llic  radicle  of  beniol.  Benzoic  acid  (rs  pheoylfonnic  acid) 
Xtirs  in  urine  united  with  glycin,  as  hippuric  acid  (^  260). 

III.  ALCOH0L.S. — Alcohols  are  those  bodies  which  originate  rrotn  carbohydrates,  in  which 
le  radicle  hydruxyl  (HO)  is  substituted  for  one  or  more  Atoms  of  H.     They  may  be  regarded  as 

atcr,  u  VO,  in  which  tlie  half  of  tlie  H  is  replaced  by  a  CH  compound.     Thus,  C^Hg  (ethyl* 

C  H    1 
fdrogCD)  passes  inio'Jp  vO  (ethylic  alcohol). 

r     H     \ 
(«)  Cholesterio,      '*h*'  >  O,  is  a  trae  mon  atomic  alcohol,  and  occurs  in  blood,  yelk,  brain, 

lie  (I  177,  4),  and  generally  in  vegetable  cells. 

I  OH 
U)  Glycerine,  C,H,  ■{  OM.  is  a  tri-atomic  alcohol.    It  occun  in  ocutra]  fats  tmited  with  fatty 

(fiH 
ads  and  olett;  acid ;  it  is  fonncd   by  tlie  splitting  up  of  neutral  fats  during  pancreatic  digestion 
170.  Ill),  and  during  alcoholic  fermentation  (|  150). 
^e)   Phenol  (  —  phenylic  acid,  carbolic  acid,  oxybcnxol)  (j  1S4,  HI). 
t«)   Pyrokatechin  {=  diuxybenzol)  (J  252). 

fr)  The  Sugars  are  cloMsly  related  to  the  alcohols,  and  they  may  be  regarded  as  polyatomic 
leobols.     Ttitfir  constitution  1%  unknown.     Together  with  a.  series  of  doscly-related   bodies  they 
I  the  great  gruup  uf  the  carbohydrates,  w.imc  of  which  uccur  in  the  animal  body,  while  others 
re  widel>  dutriliuttd  in  the  vegctulile  kingdom, 

15a.  THE  CARBOHYDRATES.— These  substances,  which  occur  in  plants  and  animals, 
tave  rec«iveil  tneir  name,  because  in  addition  10  C  (at  least  6  atoms),  they  coninin  II  and  O,  in  tbe 
iroponion  in  which  these  occur  id  water.  They  arc  all  solids,  chemically  inditTcrcnt,  and  without 
•dor.  They  have  cither  a  sweet  taste  (sugars),  or  can  l>c  readily  changed  into  sugars  by  the  action 
if  dilute  acids  ;  they  rotate  the  ray  of  polarized  light  either  to  the  right  or  left ;  as  far  as  their  con- 
titution  is  cunccrncd,  they  may  Ik:  regarded  as  fatty  bodies,  ai  hcxatonic  alcohols,  in  which  aH  are 
ranting. 

They  are  divi<i«l  into  the  following  group  : — 

1.  Division. — Glucoses  (C^HpO,,)— (ij  Grape  sugar  (glucose,  dextrose,  or  diabetic  sugar) 
■ccurs  in  minute  ^uanlitie^  m  the  blocKl,  chyle,  muscle,  liver  (?),  urine,  and  in  large  amount  in  the 
nine  in  diatxtes  meUttus  ^{[  '75)'  '^  ^*  formed  tyy  the  action  nf  diasiiUic  ferments  upon  other 
artxihyrl rates,  diumg  digestion.  In  the  vegetable  kingdom,  it  i*  extensively  distributed  in  the 
wect  juices  of  many  fruits  and  tlowers  (and  thus  it  gets  into  honey}.  It  is  formed  Irum  cane  sugar, 
tiatlo»e,  desithn,  glycogen,  and  starch,  by  t>uiling  with  dilute  acids,  It  crysialhzea  in  uarty  masses 
fuh  one  molecule  of  water  of  cty<>tallizafiui) ;  unites  with  basics,  salts,  acids,  and  alcohols,  but  is 
asily  decum[)used  b}*  bases;  it  reduces  many  metallic  oxides  ({  149).  Fresh  sulutions  have  a 
Miaior^-  {MiHcr  of  -f-  106°.  Hy  fermentation  with  yeast  it  .splits  up  into  alcohol  and  CO,  (J  150) ; 
nth  decomposing  proteids  it  spliu  into  twu  muleculcs  of  lactic  acid  (J  (84,  I);  the  lactic  acid  splits 
ip.  under  the  same  conditions  in  alkaline  solutions,  into  butyric  acid,  CO,  and  H.  For  the  qunlita- 
trc  and  ituanmative  estimation  of  glucose,  see  j  149  and  ^  150.  In  alcoholic  solution,  it  forms 
'cry  intoluble  compounds  with  chalk,  barium,  and  potasiiium,  and  it  also  forms  a  crystalline  com- 
fovnd  with  common  salt  (Estimation,  ^  150). 

(3)  Gmlactose,  obtained  by  boiling  milk  sugar  (lactose)  with  dilute  mineral  acids;  it  crystalliies 
caJdily,  is  very  fcnncntablc,  and  gives  all  the  reactions  of  glucose.  When  oxidized  with  nilnc  acid 
C  becomes  transfurmcd  into  mucic  acid     Its  specific  rotatory  power  =  -f  88.08". 

(3)  Lacvulose  ilcftfruil-,  inven  ,  or  mucin  sugar)  occurs  as  a  colorles.s  syrupin  the  acid  juices 
it  Some  fruits  and  in  honey  ;  is  non-crystalli^able,  ana  insoluble  in  alcohol ;  specific  rotatory  power 
=  —  106**.  It  is  formed  normally  in  the  iniciitne  {§  183),  and  occurs  rarely  as  a  pathological  pro- 
lact  in  urine. 

IX.  Division  contains  carbohydrates  with  the  formula  C)2H,,0,,,  and  which  may  be  regarded 
ts  anhydndts  of  the  hrst  division — 1.  Milk  sugar  or  lactose  occurs  only  in  milk,  ctystalli/es  in 
'.akcs  iwilh  1  molecule  of  water)  from  the  syrupy  concentrated  whey;  it  rotates [^>oIan7ed  light  to 
he  tignl  =  •-  59.3,  and  is  much  less  soluble  in  water  and  alcohol  than  grape  sugar.  When  boiled 
ailh  dilute  mineral  acids  it  passes  mio  galactose,  and  can  he  directly  transformed  into  lactic  acid 
Kily  by  fermeniaiion  ;  the  galactose,  however,  is  ca|>able  of  undergoing  the  alcoholic  rermenlation 
iriih  yeast  ( Kouaiu  preparation,  jt  233).  Kor  its  (juoutitative  estimation,  see  A/t/jt  (9  231).  Rare 
n  urine  ( j  267;. 

s.  Maltose  (C,,H,,0, 1 )  -f-  H,0  (O'Suf/n-aH)  has  1  molecule  of  water  Icsk  than  grape  sugar 
|C|)H,,(>,  j^.  Is  tunned  duniig  the  action  of  a  diastalic  ferment,  such  as  saliva  upon  starch  ( j|  148); 
s  S'jiutiie  in  alcohol,  right  rotatory  power  =  150**  -,  it  is  crystalline^  while  its  leduang  power  is  only 
wo'third^  that  uf  dextrose. 

( 3.  Saccharose  (cane  sugar)  occurs  in  sugar  cane  and  some  plants,  it  does  itot  reduce  a  solution 
>f  copper,  i«  insoluble  in  alcohol,  b  right  rotatory,  and  not  capable  of  fennentaiion.     When  boiled 
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with  dilute  adds,  it  becomeii  changed  into  a  mixture  of  eiutly  fennentablc  glucose  (right  rotihxy) 
and  laevulosc  (invert  sugar,  {  1&3,  5,  and  $  184,  I,  6),  which  rernicnis  willi  di/Ticulty  and  i>  U 
rotator}'  (^  [83).     When  oxidized  with  nitric  acid,  it  parses  into  glucic  acid  and  oxalic  acid.l 

(4.  Melitosc,  from  Eucalyptus-miinna ;  Melczitoae,  rrom  l^icfamanna;  Trebaloie  [Mfmc), 
frum  Ergot ;  are  all  right  rulatury,  and  do  nut  reduce  alkaUoe  cupric  solutions.) 

III.  UiviBton  contains  carlohydrates,  with  the  formula,  C^Hj^Oi,  which  may  be  regmMa 
anhydndes  of  tlie  second  division. 

1.  Olycogen^  with  a  rotatory  power  of  31 1*  {£Hm,  Hofmann,  K^!x\  does  not  reduce  csprie 
oxide.  It  occupi  in  the  hver  \\  174J,  muscles,  many  embryonic  tissues,  the  embryonic  area  0^  dK 
chick  {Kuh),  in  nurnial  and  paihulagical  epithelium  i^SckuU) ;  in  diabetic  persons  it  it  «ide]|  & 
tribuled;  brain,  pancreas,  and  cartilage;  and  in  the  spleen,  pancreas,  kidney,  ovum,  Itrxm,  ml 
blood,  together  with  a  small  amount  of  glucose  {Pavy),  It  also  occurs  in  the  oyster  aad  soncfif 
the  moIluMTs  {Bizio],  and  indeed  tn  all  tissues  and  classes  of  the  animal  kingdom. 

2.  Dextrin  was  discovered  by  Limpricht  in  the  muscles  of  the  horse.  It  is  nghl  rolitory  =  ^ 
138°,  soluble  in  water,  and  forms  a  very  sticky  solution,  from  which  it  is  precipitated  by  alcoholflr 
acetic  acid  ;  it  is  tinged  slightly  red  with  iociine.  ]t  is  formed  in  roasted  starch  'heoce  il  oceon  b 
large  quantity  in  the  crust  of  bread — see  Breads  \  234],  by  dilute  adds,  and  in  the  body  bjr  tke 
action  of  ferments  {\  I48).  It  is  formed  from  cellulose  by  the  action  of  dilute  sulphuric  acid,  ll 
occurs  in  beer,  and  is  found  in  the  juices  of  most  plants. 


\x.  Amylum  or  Stsrch  occurs  in  the  "  mealy  "  pans  of  many  plants,  is  formed  within  veieulit 
cells,  and  constats  uf  concentric  layers  with  an  exccntric  nucleus  (Fig.  225).  Tlie  diameter  ai4 
charaaers  of  starch  grains  vary  greatly  with  the  plant  from  which  they  are  derived,  as  todkited  ia 


the  above  illustration.  At  72°  C.  il  swells  up  in  water  and  forms  mucilage;  in  the  cold,  iodiiie 
colors  it  blue.  Starch  grains  always  contain  more  or  less  cellulose  and  a  sulxitance  which  is  cokied 
red  with  iu<liiie  ytrythrogranuhit)  (j  14S).     It  and  glycogtn  are  transformed  into  desuusc  t^  en- 


«,  West  Indhiii  inowroot ;  r,  Tahiti  arrowroot ;  d,  Potuo  itarch. 

lain  digestive  ferments  in  the  saliva,  pancreatic  and  intefttinal  jtilees,  and  arti6cially  by  boiUo(«l> 
dilute  sulphuric  acid.) 

(4.  Qum,  C,oll,o0.o,  occurs  in  veeeeable  juices  (specially  in  acadie  and  mimoa*),  b  jnfilj 
soluble  in  water  (arabin),  panly  swells  up  like  mucin  (bissonn),also  in  the  sali\-nry  glands, moccoi 
tissue,  lungs,  and  urine.  Alcohol  precipitates  it.  It  is  fermentable,  and  when  boiled  with  dilOK 
acids  yields  a  reducing  sugar.) 

( 5.  Inulin,  a  crystalline  powder  occurring  in  the  root  of  chicory,  dandelion,  and  ipedalty  in  ^ 
bulbs  of  the  dahlia  ;  il  is  uol  colored  blue  by  iodine.) 

(6.  Lichenin  occuis  in  the  intercellular  substance  of  Iceland  mots  (Cetraria  iaiandica)  and  s^> 
ia  transformed  into  glacoM  by  dilute  sulphuric  acid.) 

(7.  ParainylutD  occurs  in  the  form  of  granules  resembling  starch,  in  the  infusoriat^  EuClm 
viridia.) 

(8.  Celluloae  occurs  in  the  cell  walls  of  all  plants  (in  the  exo'skeleton  of  arthropoda,  and 
skin  of  snakes) ;  soluble  only  in  am monio- cupric  oxide ;  rendered  blue  by  sulphuric  add  aiid  in " 
Boiled  with  dilute  sulphuric  acid,  it  yields  dextrin  and  glucoK.     Concentrated  nitric  add  V 
with  sulphuric   acid  change^  it  (cotton)  into  niiro-ccllulosc  (gun  cotton)  C,H. (NO,), 0,,*^ 
dissolves  in  a  mixture  of  ether  and  alcohol  and  forms  collodoin.) 

(9.  Tunicin  is  a  substance  resembling  cellulose,  and  occurs  in  the  integument  of  the  Taucal* 
or  Ascidians.) 

IV.  Division  contains  the  carbohydrates  which  do  not  ferment. 

I.  Inosit  (phasco-mannit,  muscle  sugar)  occurs  in  muscle  {^Scherer\  lung,  liver,  spleeo,  Itidn^f' 
brain  of  ox,  human  kidney ;  pathologically  in  urine  and  the  fluid  of  echinococcus.  In  the  veftu'*'' 
kmgdom,  in  beans  (leguminos;!.),  and  the  juice  of  the  grape.  It  is  an  isomer  of  grape  «f ! 
optically  il  is  inactive,  crystallizes  in  warts  with  two  molecules  of  wuter,  in  long  monochmc  O)'*"''' 
it  has  a  sweet  taste,  is  insoluble  in  water,  does  not  give  Trommer"*  reaction,  is  capable  of  undctgoOV 


f 


nrcolaclic  acid  fennenlfllion.     (Nearly  iiDied  are  Sorbin,  from  sorbic  acid — ScylUt,  from 
the  intesiinn  of  ihe  hag-Hsh  and  skate — and  Eukatyn,  arising  from  llic  fermentation  of  mcltto^.) 

IV.  DERIVATIVES  OF  AMMONIA  AND  THEIR  COMPOUNDS.— The  am- 
monia derivatives  are  ubtained  frvin  (he  pruteids,  and  are  dccuui  posit  ion  products  of  their  mcta- 
Jjlllr-n 

ff  fi)  Amines,  1.  «.,  compound  ammnniaA  wliich  can  be  obtained  from  ammonia  (NH,),  or  from 
aoimnnium  hydroxide  (NH, — OH>,  by  replacing  one  or  all  the  atoms  of  H  by  tfroups  of  carbo- 
hydrates (alcohol  radicals).  The  amine  derived  from  on^  molecule  of  ammonia  is  called  monamine. 
C  arc  unly  acquainted  with — 

N        MethyUmine  and  Trl-Meihylaniine        CM,  V     N. 
CH,|  CH,J 

as  dccompoKttiun  products  of  cholin  (neurin)  and  of  krcatjn.     Neurin  occurs  in  lecithin  in  a  very 
complex  combination  fsee  Lecithin,  p.  414,  and  aUo  ^  2;{). 

(31  Amides,  1  e.,  derivatives  of  acids,  which  have  exchanged  the  hydroxyl  (HO)  of  the  adds 
for  Nllj.  Urea,  CO(NH,)j,  the  biamid  of  C"(*j,  is  the  chief  end  product  of  the  metabolism  of 
the  nitro(!cnou»  consiiiuent«  of  our  bodies  (see  Unnt,  \  256).     rnrbon  dioxide  containing  water 

RCOiOHl,;  in  it  both  OH  are  replaced  hy  NHj— thus  we  (;«  COiNH,i,,  urea. 
(3'i   Amido  acids,  I.e.,  nilrDjjonous  com]x>unds.  which  show  partly  the  character  of  an  acid  and 
nly  that  of  a  weak  base,  in  which  the  atoms  of  II  of  the  acid  radicle  are  replaced  by  Nli,,  or  fiy 
the  subfiiitutcd  ammonia  groups. 

(a  I  Olycin  (or  amidoacetic  acid,  glycocoll,  gelatin  sugar.  \  177,  3)  is  formed  by  boiling  gelatin 
with  dilute  nil[>huric  acid.  It  has  a  &weet  taste  (gelatin  sugar),  behaves  as  a  weak  acid,  but  aUo 
unites  with  acids  as  an  amine  bafc.  It  occurs  as  glycin  -f  benzoic  acid  =  hippuric  acid  In  urine 
(I  260) ;  and  also  as  glycin  -f  cholalic  ncid  =r  glycocholic  acid  in  bile  (3  177)-  (A)  Leucin— 
(I  170)  ^  omido-caproic  add.  {()  Serin — (  =  ?  amidolaciic  acid),  obtained  from  silk  gelatin. 
(i)  Asparaginic  acid — (nmido-succinic  acid);  and  [/)  Qlutaminic  acid,  obtained  by  thcsplilting 
up  of  prrrfeifls  (\  170).  Othrr  amido  acids  arc — if)  Cystin  ^  amidohctic  acid,  in  which  O  is 
replaced  by  S  {\  268).  i/^)  Taurin— [^  t77).  amido-ethyl  sulphuric  acid  occurs  (except  in  certain 
glands)  chiefly  in  combination  with  cholalic  acid,  as  taurocholic  acid  in  bile.  Tyrosin  (parahydro- 
oayphenyl •amido -propionic  acid),  an  amido  acid  of  unknown  constitution,  occurs  along  with  leiicin 
iloring  pancreatic  dige>-tion  (\  1 70),  is  a  decomposition  produa  of  proteids,  and  occurs  plentifully 
in  the  urine  in  acute  yellow  atrophy  of  the  Hver  {\  26g). 

To  the  amido  acids  are  related  —  f^)  Kreatin  in  muM:le,  brain,  binod,  urine,  r^arded  as  methyl- 
oramtdo-acetic  acid  (C\H(,N,<),).  It  has  been  prepared  artificially.  When  boiled  with  baryta 
waier^  it  lakes  up  11,0.  and  splits  inlo  urea— and  {h)  Sarkosin  (C^H^NO,),  methyl-amido-accttc 
icid.  When  boiled  with  water,  hciled  with  strunj;  acids,  in  ihe  presence  of  putrefying  substances, 
krva'in  gives  off  water,  and  is  chained  into  kreatinin  (C\lI,NjO).  This  strong  base  can  be 
rci^iangerl  hy  alkalies  into  kreatin. 

(4)  AiDinonia  Derivatives  of  Unknown  Constitution. — Uric  add  {\  258);  allantoin 
f)  3601  is  formed  by  the  oxidation  of  uric  acid  by  mean.'i  of  potavsium  permanganate;  cyanuric 
acid  in  dog's  urine;  inosinic  acid  in  muscle;  guanin  in  traces  in  the  liver  and  [>ancrcas.  in 
(tnano.  the  excrementis  of  spideni,  in  the  skin  of  amphibia  and  re[}tiles,  in  the  iiilver  .'•been  of  many 
fishes  (A.  E'u.'ald  and  h'mkinherg\ ;  hy  oxidation  it  yields  urea ;  hypossnthin  or  sarlcin  occurs 
along  with  xantbin  in  many  organs  and  in  urine.  KoascI  prepared  hy|>oxauthin  from  nuclcin  by 
prolonged  b«iiling  of  the  latter.  It  may  be  obtained  from  fibrin  by  putrefaction,  by  gastric  and 
pancreatic  digenion,  and  by  dilute  acids  (Sa/oman,  II.  Krause,  Ckittenden)\  xanthin  Li  |>repared 
by  oxidation  from  hy]K>xiinthin.  It  occurs  very  rarely  in  the  form  of  a  urinary  calculus.  Para- 
xanthin  in  urine,  .ind  a  siniibr  body,  camin.  in  flesh  [\  '2},},'). 

Aromatic  Substances.— 1.  Monatomic  phenols — (o)  Phenol  (hydroxyl  of  benzol)  in  the 
intestine  {\  184).  Fhcnrl  sidpliuric  acid  In  urine  {\  262).  \b\  Kresol,  in  the  form  of  ortkokrfiol 
and  tttrakmol,  united  with  sulphuric  acid,  occur  in  urine  {\  262).  a.  Diatomic  phenols— (a) 
pyf<maU€kin  united  with  sulphuric  acid  in  urine  (^  262).  3.  Aromatic  oxyacids— (>i)  Hydro- 
parttiumaric  udd ;  (^)  Paracxyphenylacitu  aHd  in  urine  \\  562).  4,  Indol  and  skatol  in  the 
Palestine  ({  184),  conjoined  with  sulphuric  aad  in  urine  [\  262). 

153'  HISTORICAL  — According  to  Aristotle,  the  organUm  requires  food  for  three  purposes — 
for  growth,  fur  the  production  of  heat,  and  lu  comjieosale  for  the  loss  of  the  bodily  excreta.  The 
fnrmation  "f  heal  takes  place  in  the  heart  by  a  process  of  concoction,  the  heal  so  formed  being 
distributed  to  all  parts  of  the  body  by  means  of  Ihe  blood,  while  the  respiration  is  regarded 
•s  an  act  whereby  the  body  irt  cooled.  Galen  accepted  this  view  in  a  somewhat  mmlified  form; 
according  to  him,  the  mclaliolic  processes  may  be  conipored  tu  the  processes  going  on  in  a  tamp  ; 
Ibe  bloiKi  represents  the  oil;  the  heart,  the  wick ;  the  lungs,  the  fanning  apparatus.  According  to 
ll»e  view  of  Ihe  iatruchemical  school  {van  Helmonl),  the  metabolic  proccuex  of  the  Ijody  arc  fer- 
aentatiom.  whereby  the  food  is  mixed  with  the  juices  uf  the  body.  Since  ihe  middle  of  the  seven- 
teenth  century  {Boyle),  the  knowledge  of  (he  metabolic  proccs.ses  has  followed  the  development  of 
chemistry.  A.  v.  Holier  regarded  heat  as  due  to  chemical  processes — the  food  continually  supplying 
'27 
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354.  STRUCTURE  OF  THE  KIDNEY.— [Capsule— The  kidney  is 
a  compound  tubular  gland,  and  is  invested  by  a  thin,  tough,  fibrous  capsule,  easily 
stripped  off  from  the  substance  of  the  organ,  to  which  it  is  attached  by  fine  pro- 
cesses of  connective  tissue  and  blood  vessels.] 

[Naked  Eye  Appearances. — On  dividing  the  kidney  longitudinally  from  the  hilum  to  tts  outer 
bonier,  and  eiomining  the  cut  surface  with  the  naked  eye,  we  oliKrve  the  parenchyma  of  tlie 


Fig.  226. 
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Itiflney,  consisting  of  an  outer  cortical  and  an  inner  medullary,  nr  pyramidal  ponion,  the  Utter 
composed  of  about  twelve  conical  papillic,  or  Pyramids  of  Malpighi,  with  their  apices  dircclcd 
toward  the  pelvis  of  the  organ,  and  embraced  by  the  calicos  of  (he  pelvis  of  the  kidney  (Fig.  226), 
The  medullary  portion  is  further  subdivided  into  the  boundary  layer  of  Ludwjg  and  the  papillary 
portion.  According  to  Klein,  the  relative  proportionf  of  these  three  |>ans  are — cortex,  3.5; 
boundary  layer,  2.5  ;  and  papillary'  portion,  4.  The  corlex  has  a  light-brown  color,  and  when  lorn, 
it  preicnti  a  slightly  granular  a5i>eci,  with  radiating  lines  nr  siri.x  running  at  regular  distances.  The 
granules  arc  due  to  the  presence  of  the  Malpighiao  corpuscles,  and  the  slrtar  to  the  medullary  rays.  The 
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boundary  zone  is  ilaiker.  and  oAen  purplish  in  color.  It  is  striated  vith  clear  ind  red  Unea  ^tenutU^ 
with  opaque  ones,  the  former  tteing  bloofl  vessels  and  the  Utter  uriniferous  tubules.  The  papilltr^iOM 
is  nearly  white  and  unkformly  striated,  the  stri:i-  converging  to  the  apex  of  the  pyramid.  Tbe  wt- 
dulla  is  much  denser  and  less  friable  than  the  cortex,  owinf^  to  the  presence  of  a  Urse  amout  of 
connective  tissue  between  the  tubules.  The  bundles  of  straight  luhes  of  the  medulla  may  b«  Inctj 
at  regular  intervals,  running  out\rard  into  the  cortex,  constituting  medullary  rays,  which  beront 
smaller  as  they  pass  outward  in  the  cortical  £onc,  so  that  they  are  conical,  atitl  form  the  pyranuda 
of  Ferrein  i  Ftj^.  227,  PI").  Tiic  portion  of  the  cortex  lying  between  the  medulbry  niyi  is  knowt 
as  the  labyrinth,  from  tbe  complicated  armngcment  of  its  tulmles.] 

[Size,  Weight. — The  adult  kiilney  \s  aljfiul  11  cnlimetres  (4.4  inches)  in  length,  5  centimctra 
(2  inches)  wide,  and  .75  centimetres  (.3  inches)  in  thickness.  It  weighs,  in  the  ninlc,  113.5  to 
170  grms.  (4  to  6  oz.).  in  the  female.  1 13.  5  to  156  grms.  (4  to  5^^  01.).  The  width  of  the  cones 
is  usually  5  to  6  millimetres  (^  to  ^  inch — 7yjoH].'\ 

I,  The  uriniferous  tubules  all  arise  within  the  labyrinth  of  the  cortex  by 
means  of  a  globular  enlargement,  200  to  300  /*.  [^^  to  ziz  i^*^^]  ^^  diameter, 
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called  Bowman's  capsule  (Figs.  228,  229),  and,  after  pursuing  a  compticited 
course,  altering  their  direction,  diameter  and  structure,  and  being  joined  by  other 
tubules,  they  ultimately  form  large  collecting  tubes,  which  terminate  by  minute 
apertures — visible  with  the  aid  of  a  hand  lens — on  the  apices  of  the  papilla:  pro- 
jerting  into  the  calices  of  the  kidney.  Each  urinary  tubule  is  composed  of« 
homogeneous  mcmbrana  propria,  lined  by  epithelial  cells,  so  as  to  leave  1 
htmcn  for  the  passage  of  the  urine  from  the  Malpighian  corpuscles  to  the  pehi* 
of  the  kidney.  The  diameter  and  direction  of  the  tubules  vary,  and  the  cpiihe* 
lium  differs  in  its  characters  at  different  parts  of  the  tube,  while  the  lumen  also 
undergoes  alterations  in  its  diameter. 

Course  and  Structure  of  the  Tubules, — In  the  labyrinth  of  the  coriti, 
tubules  arise  in  the  spherical  enlargement  known  as  Bowman's  capsule  (Fig- 
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228,  i),  which  invests  (in  the  manner  presently  to  be  described)  the  tuft  of  capil- 
lary blood  vessels  called  a  glomerulus  or  Malpighian  corpuscle.  Dy  means 
of  a  short  and  narrow  neck  (2)  the  capsule  becomes  continuous  with  a  convoluted 
tubule,  X  in  Fig.  229  {^Bowman),  This  tubule  is  of  considerable  length,  forming 
many  windings  in  the  cortex  (Fig.  228,  3) ;  the  fust  part  of  it  is  4.5  /i  wide,  con- 
stituting \\\t  proximal  ox  first  convabited  tubuh.  It  becomes  continuous  with  the 
spiral  tubule  of  Schachowa  (4),  which  lies  in  a  medullary  ray,  where  it  pursues  a 
slightly  wavy  or  spiral  course.     On  the  boundary  line  between  the  cortical  and 
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)undary  zone,  the  spiral  tubule  suddenly  becomes  smaller  {Isaaa)  and  passes 
into  the  descending  portion  of  HenW  s  hop  (5),  which  is  14  /i  in  breadth,  and  is 
continued  downward  through  the  boundary  zone  into  the  medulla,  where  it  forms 
the  narrow  loop  of  Henle  (6),  which  runs  backward  in  the  medullary  (jart  to  the 
boundary  zone.  Here  it  becomes  wider  {20-26  /*),  and  as  it  continues  its  undu- 
lating course,  it  enters  a  medullary  ray,  where  it  constitutes  the  ascemiing  loop 
A(^^  (7),' which  becomes  narrower  in   the  cortex.     Leaving  the  medullary  ray 
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of  the  coiUciing  tubes  (Fig.  329,  O),  which  unite  with  one  another  at  acute  angles 
to  form  the  larger  straight  excretory  tubes  or  ducts  of  Bellini  {15),  which  open  on 
the  summit  of  the  Malpighian  pyramids  into  a  calyx  of  the  pelvis  of  the  kidney. 
In  the  cortex  the  collecting  tubules  are  45  .u  in  diameter,  but  where  they  have 
formed  an  excretory  tube  (O),  their  diameter  is  200  to  joo  n\  24  to  80  of  these 
tubes  open  on  the  apex  of  each  of  the  12  to  15  Malpighian  pyramids.  In  the 
lowest  and  broadest  part,  the  membrana  propria  is  strengthened  by  the  presence 
of  a  thick  supporting  franitwork  of  connective  tissue. 

Structure  of  the  Tubules. — [IJelow  the  neck,  the  tubules  are  lined  every- 
where by  a  single  layer  of  nucleated  epithelium.]  Bowman's  capsule, 
which  is  about  ^^  inch  in  diameter  (Fig.  230,  II),  consists  of  a  homogeneous 
basement  membrane  lined  internally  by  a  single  continuous  layer  of  flattened 
cells  (^).  According  to  Roth,  the  basement  membrane  itself  is  composed  of 
endothelial  cells.  [In  the  fcetus  the  lining  cells  are  more  ])olyhedral.]  Within 
the  capsule  lies  the  glomerulus  or  tuft  of  blood  vessels.  The  cells  lining  the  cap- 
sule are  reflected  over  and  between  the  lobules  of  which  the  glomerulus  consists. 
The  glomerulus  may  not  completely  fill  the  capsule*  so  that,  according  to  the 
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activity  of  the  kidney,  there  may  be  a  larger  or  smaller  space  between  the 
glomerulus  and  the  capsule  into  which  the  filtered  urine  passes.  The  neck  is 
lined  by  cubical  cells.  These  cells,  in  some  animals,  e.g.^  the  rabbit,  sheep 
(^//assal),  mouse  (X/esn),  and  frog  arc  ciliated. 

The  proximal  convoluted  tubule  is  lined  by  characteristic  epithelium.  The 
cells,  which  arc  short  or  [>olyhedral,  form  a  single  layer,  with  a  turbid  or  cloudy 
protoplasm  (Fig.  230,  II [,  1  and  2),  which  not  unfrequently  contains  oil  globules. 
The  cells  consist  of  two  parts  ;  the  inner,  containing  the  spherical  nucleus,  is 
next  the  lumen,  and  granular  (III,  2,  t,''),  while  the  outer  part,  next  the  membrana 
propria,  apjiears  fibrillated,  or  •' rodded  "  {//eiiten/ia/n),  from  the  presence  of 
rods  (Stalwhen)  or  fibrils  placed  vertically  to  the  basement  membrane  (Fig. 
331).  These  appear  like  the  hairs  of  a  brush  pressed  upon  a  plate  of  glass 
(III,  2).  The  cells  are  not  easily  separated  from  each  other,  as  neighboring 
cells  interlock  by  means  of  the  branched  ridges  on  their  surfaces  (III,  t) — i^//et' 
Jenhain^  Sehaeko7i'a),  The  lumen  is  well  defined,  but  its  size  seems  to  depend 
upon  the  state  uf  imbibition  of  the  cells  bounding  it. 
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The  spiral  tubule  has  similar  epithelium  and  a  comspooA- 
ing  lumen,  althuugh  the  epithelium  becomes  lower  and  somewhat 
altered  in  its  characters  at  the  lower  part  of  the  tube. 

The  descending  limb  of  Henle's  loop,  and  the  loop  itself 
with  a  relatively  wide  lumen,  are  bounded  by  clear,  nattennl 
epithelial  cells,  with  a  bulging  nucleus  (IV,  S) ;  the  cells  t)ing 
on  one  side  of  the  tube  being  so  placed  that  the  bulging  part  of 
the  bodies  of  the  cells  is  opposite  the  thin  part  of  the  celUon 
the  opposite  side  of  the  tube.  [These  tubes  might  be  mistaken 
for  blood  capillaries,  but  in  addition  to  their  stjuamous  linrag, 
they  have  a  basement  membrane,  which  capilbries  have  not.] 
In  the  ascending  limb,  the  lumen  is  relatively  wide,  while 
its  epithelium  agrees  generally  with  that  in  the  convoluted 
tubule,  excepting  that  the  "rods"  are  shorter.  Sometimes 
the  cells  are  arranged  in  an  **  imbricate  "  manner. 

In  the  irregular  tubule,  which  has  a  very  small  lumen, 
the  polyhedral  cells  lining  it  contain  oval  nuclei,  and  arc 
shorter  than  those  of  the  convoluted  tubules.  The  cells, 
again,  are  very  irregular  in  size,  while  their  "rodded"  chiraclct 
is  much  coarser  and  more  defined  ( Kig.  232). 

The  distal   convoluted  tubule  cIom^Iv  resembles  in  its 

structure  the  proximal  convoluted  tubule,  and  is  lined  by  simiUr 

cells.     The  cuned  coiifcting  or  junctional  tubule,  although 

narrow,  has  a  relatively  wide  lumen,  as  it  is  Uned 

by  clear,  somewhat  flattened  cells. 

The  coUecting  tubes  have  a  distinct  lumen, 
and  are  lined  by  char,  somewhat  irregular,  cubi- 
cal cells  (Fig.  230,  V),  which,  in  the  larger  tx- 
erctory  tubes,  are  distinctly  columnar  (,Vlj.  The 
basement  membrane  is  said  to  be  al^Dt  in  the 
larger  tubes. 

[Klciti  describes  k  (hir.  delicstc,  nucleated  ccntro<tDhuIaf 
membrane  hning  the  surface  of  the  epiiheliutn  next  the  lumea.] 

II.  The  Blood  Vessels. — The  renal  artery  (Fig.  326)  divides  into  four  or 
five  branches,  which  pass  into  the  kidney  at  the  hilum.  These  branches,  sur- 
rounded by  connective  tissue  continuous  with  that  of  the  capsule^  continue  to 
divide,  and  pass  between  the  papillae,  to  reach  the  bases  of  the  pyramids  on  the 
limits  between  the  cortical  and  boundary  zones,  where  they  form  incomplete 
arches.  From  these  horizontal  trunks  the  interlobular  arteries  'Fig.  229,  n) 
run  venically  and  singly  into  the  cortex,  between  each  two  medullary  rays,  and 
in  their  course  they  give  off  on  all  sides  the  short,  undivided  vasa  affercntia 
(1),  each  of  which  enters  a  Malpighian  capsule  at  the  opposite  pole  from  which 
the  urinary  tubule  is  given  off.  Within  the  capsule,  each  afferent  artery  breaks 
up  into  capillaries  arranged  in  lobules  and  supported  by  connective  tissue,  the 
whole  forming  a  tuft  of  capillary  blood  vessels,  or  a  glomerulus.  Each  glom- 
erulus is  covered  on  its  surface,  directed  toward  the  wall  of  the  capsule  by  a  layer 
of  flat,  nucleated  epithelial  ceils  (Fig.  230,  II;,  which  also  dip  down  between  the 
capillaries  {HeitUnhairt^  Rungbfrg).  A  vein,  the  vas  efferens  (2),  which  is 
always  smaller  than  the  afferent  arteriole,  proceeds  from  the  centre  of  the  glom- 
erulus, and  leaves  the  capsule  close  to  the  point  at  which  the  afferent  vessel  enters 
it  (Fig.  230,  II).  In  their  structure  and  distribution  all  the  efferent  vessels  re- 
semble arteries,  as  they  divide  into  branches  to  form  a  dense,  narrow-roeshed 
capillary  network  (Fig.  229,  A,  and  Fig.  330,  II,  c),  which  surrounds  and 
ramifies  over  the  convoluted  tubules.  The  meshes  are  elongated  around  the  tubules 
of  the  medullary  rays,  and  more  polygonal  around  the  convoluted  lubules  ^Fig. 
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Some  of  the  lowest  efferent  vessels  split  up  into  vasa  recta,  which  run 
coward  the  medulla.  The  interlobular  arteries  become  smaller  as  they  pass  toward 
the  surface  of  the  kidney,  and  some  of  their  terminal  capillaries  communicate 
with  the  capillaries  of  the  external  capsule  itself.]  Venous  trunks  proceed  from 
the  capillary  network,  to  terminate  in  the  interlobular  veins  (V).  These  veins 
begin  close  under  the  external  capsule  by  venous  radicles  arranged  in  a  stellate 
manner  (constituting  the  stellulse  Verheynii,  or  venae  stellatac),  and  accompany 
the  corresponding  artery  to  the  limit  between  the  cortex  and  boundary  zone, 
where  they  communicate  with  the  large  venous  trunks  in  that  situation. 

The  blood  vessels  of  the  medulla  arise  from  the  vasa  recta  (Fig.  229,  r). 
The  latter  begin  on  the  limit  of  the  cortex  and  medulla,  either  as  single,  direct, 
muscular  branches  (r)  of  the  large  arterial  trunks,  or  from  those  efferent  vessels 
(<■)  which  lie  next  to  the  medulla.  The  latter  are  said  to  be  devoid  of  muscle; 
while,  according  to  Huschkc,  a  few  vasa  recta  are  formed  by  the  union  of  the 
capillaries  of  the  medullary  rays.  All  the  vasa  recta  enter  the  boundary  layer, 
where  they  split  up  into  a  leash  or  pencil  of  small  arterioles,  which  i^ass  between 
the  straight  tubules  toward  the  pelvis,  and  form  in  their  course  a  capillary  network 
with  elongated  meshes.  From  these  capillaries  there  arise  venous  radicles,  which, 
as  they  proceed  toward  the  limit  between  the  cortex  and  medulla,  form  the  vense 
recta  (i-),  and  open  into  the  concave  side  of  the  venous  trunks  in  this  region. 
At  the  apex  of  the  papillae,  the  capillaries  of  the  medulla  form  connections  with 
the  roseite-like  capillaries  surrounding  the  excretory  ducts  (at  1).  [The  circula- 
tion through  the  vasa  recta  is  most  important.  The  cortical  system  of  blood 
vessels  communicates  with  the  medullary,  but  as  most  of  the  vasa  recta  are  derived 
from  the  same  vessel  as  the  interlobular  arteries^  it  is  evident  that  they  may  form 
a  side  stream  through  which  much  of  the  blood  may  pass  without  traversing  the 
vessels  of  the  cortex-  Very  probably  the  *'short  cut  "  is  useful  in  congestions  of 
the  kiduey.  The  amount  of  distention  of  these  vessels,  also,  will  influence  the 
sixc  of  the  tubules  lying  between  them.  There  are  two  other  channels  by  which 
blood  can  pass  through  the  renal  arteries  without  traversing  the  glomeruli — (i) 
The  anastomoses  between  the  terminal  twigs  of  the  renal  artery  and  the  sub- 
capsular venous  plexus  ;  (2)  small  branches  given  off,  cither  by  the  interlobular 
arteries,  or  by  the  afferent  vessels  before  entering  the  glomeruli  {Bmnion).] 

The  blood  veasels  of  the  external  capsule  are  derived  partly  from  the  terminal  twigs  of  the 
imerloboUr  arteries,  partly  from  branches  of  the  supra-renfll,  phrenic  and  lumbar  arteries,  which 
anutomosc  with  each  other.  The  capillary  network  has  simple  mcsbcs.  The  origins  of  the  veins 
puA  p*^y  into  the  ven»  stenat;e  and  partly  into  the  veins  of  the  same  aaine  as  the  arteries.  The 
connection  of  the  area  of  the  rcnat  artery  with  the  other  aricncs  of  the  capsule  explains  why,  after 
ligature  of  the  renal  artery  within  the  kidney,  the  blood  still  circulates  in  the  external  cantule  {C. 
LtuhtHft  M.  Nerrmiinn);  in  fact,  these  blood  ve&sels  still  supply  the  kidney  witli  a  ^mall  amount 
of  blood,  which  may  sufiice  to  permit  a  slight  secretion  of  urine  to  take  place  {Litten^  Fauiymki). 

III.  The  lymphatics  form  a  widc-meshcd  plexus  iu  the  capsule  of  the  kidney,  while  under  it 
Jiey  form  large  spaces  {Heuienkain).  In  the  parenchyma  of  the  kidney,  the  lymphatics  are  said 
o  be  represented  by  large  slits,  devoid  of  a  wall,  in  ihc  tissues,  and  are  more  numerous  around  the 
^ofivolutcd  than  the  straight  tuhulei.  The  slits  pass  to  the  surface  of  the  kidney,  and  expand  under 
Jic  capsule.  When  the  lymphatics  are  greatly  distended,  they  tend  to  compress  the  uriniferous  tubules 
ukI  the  blood  vcsocls  iC,  Ludviig  and  Zawtxrykin).  .\ccording  to  Kyndowsky,  the  uriniferous 
ubales  are  wrmunded  oy  true  lymphatics  with  an  endothelial  hning,  and  they  even  (>enctrate  into 
be  capsule  of  Bowman,  along  with  the  vas  alTerens.  [  Phe  large  blood  ve^els  are  aLso  surrounded 
rf  lymphatics.]  Large  tymplutics,  provided  with  valves,  pa^  out  of  the  kidney  at  the  hilum,  white 
lih^  emerge  through  ttie  capMile;  both  sets  are  connected  with  the  Ivraph  spacei  of  the  capsule  of 
he  kidney  \A.  Budge), 

IV.  The  nerves  form  small  trunks  provided  with  f^angHa  {Brait),  and  accompany  the  blood 
'eSMls.  [They  are  derived  from  the  renai  plexus  and  the  lesser  splanchnic  nerve.]  They  contaitt 
:    dtillaled  and  nonmedultated  fibres,  and  the  latter  have  been  traced  by  W.  Krause  as  far  a«  the 

ca  of  the  [Mipilla:.     Their  mode  of  termination  \s  unknown.     PAjniohgicaily,  we  are  certain  that 
contain  UHh  vaso  motor  and  seftsery  fibres;  perhaps  there  may  be  also  vaso-tlilator  and  secretory 

The  connective  tisaue,  or  interlobular  stroma,  forms  in  the  papilla.-,  especially  at  their 
fibrous,  concentric  layer*  of  considerable  thickness  between  the  exc-etory  tutmles  (Fig.  23 j)- 
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Further  outward,  the  fibrillar  character  becomes  less  (listincl,  while  at  the  same  lime  hruidnl 
coiincctive-tisstie  corpuscles  occnr  in  greater  numbers  \Berr).  In  the  cortex,  the  tntcrfiitixl  maa 
consists  ftlmoai  entirely  of  branched  corpuscles,  which  anasiomose  with  each  other  ( G&oUnr).  [TbtR 
ii  alfo  a  small  qiiaitlity  of  delicate  fibrous  tissue  around  llowman's  capsule,  and  along  tbcooumc4 
the  arteries.  .The  connective  tissue  often  plays  an  important  rAle  in  pathological  coodiUoni  o(  tk 
kidney,  as  in  interstitial  nephritis.]  The  outer  layers  of  the  capsule  of  the  kidney  an  <*mfm4 
of  dense  bundle^  of  titn-oiis  tissue,  while  the  dcc|>cr  layers  are  more  louse,  and  send  procaaaMB 
the  cortical  layers.  '1  he  deeper  layers  also  contain  nonstripcd  muscular  Bbres  ( £'^^'-/i,  f .  A'maurf. 
The  capsule  is  easily  stripped  off.  None  of  the  secretory  sulntance  is  removed  with  ii.  UDdcrAt 
capsule  in  the  human  kidney,  there  is  a  thin  plexus  of  non-stri|>cd  muscular  fibres.  At  the  biktm 
it  becomes  continuous  with  the  outer  Hbrous  ccit  of  the  dilated  upper  eml  of  the  ureter.  TbeyW 
nirrounding  the  kidney  is  united  to  the  kidney  partly  by  blood  vessels  and  panly  bj  bandi  of 
connective  tissue.  [The  sub-capsular  layer  of  the  cortex,  and  a  thin  layer  next  the  boundary  mbt 
(Mg.  228,  a,  a),  are  devoid  of  Malpighian  corpuscles.] 

[Development  of  a  Malpighian  Capsule. — The  upper  end  of  the  urinnry  tubule  udiliied 
and  clo^eil,  and  into  it  there  ^rows  a  tuft  of  bluod  vessels  (a),  pushini>  one  layer  of  \he  lube  bdoR 
it  [i) :  hence  the  capillaries  become  invested  by  it,  just  as  an  organ  is  surrnundefl  by  a  tcroos  bc, 
so  that  one  layer — the  rejected  one  ((^)^-o('  the  tubule  is  closely  applied  to  the  blood  vessels,  mWt 
the  other  (<■)  lies  loosely  over  it  with  a  space  between  the  two  (Kifi.  234).] 

Fig.  23J. 
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Tnuwverte  waloii  of  ajMX  ofa  MaJpighian  pyraoiM.    <■,  Uree  coSectioiB 
tabes ;  fi,  c,  </,  tulmlet  of  licoJc ;  *,j,  bkiod  capitUrwu. 

355.  THE  URINE.—Physical  Characters.— A  knowledge  of  the  com- 
position of  this  secretion  is  of  the  greatest  value  to  the  phj-sician  and  surgeon. 

I.  The  quantity  of  urine  i>assed  by  an  adult  man  in  twenty-four  bouB  is 
between  1000  and  1500  cubic  centimetres,  or  about  50  ozs.,  and  in  the  fcnak 
900  to  1200  c.c.  The  minimum  is  secreted  between  2-4  a.m.,  and  the  majtimoB 
between  2-4  p.m.  {IV^ig^lin). 

The  amount  is  diminished  by  profuse  sweating,  diarrhoea,  thirst,  oon- nitrogenous  food,  fi«»- 
tion  of  the  general  blood  pressure,  after  severe  hemorrhage,  and  in  some  diseases  of  the  kidKyi 
The  minimum,  which  may  be  normal,  is  400  to  500  c.c.  It  is  increased  by  increase  of  the  gcMw 
blood  pressure,  or  of  ihc  prenure  within  the  area  of  the  renal  artery,  by  copious  drmkinf.  conCBt- 
tion  of  the  cutaneous  vessels  through  the  action  of  cold,  the  passive  of  a  ur^e  amuunt  of  m>Is^ 
substances  (urea,  salts,  and  sugar)  into  the  urine,  a  large  amuunt  of  nitrogenous  food,  a*  «eU»'9 
various  drugs,  such  as  digitalis,  alcuhul,  wiuills.  After  taking  Quids  charged  with  CO,,  the  aww* 
of  urine  is  increased  during  the  fulluwiug  hours  (  Q$tifti^l-f). 

The  secretion  is  influenced  directly  by  the  nervous  system,  as  in  ihe  sudden  polyuria  folfcw'*! 
nervous  excitement,  such  as  hysteria  [when  the  person  usually  passes  a  large  amount  oif  Wf*" 
colored  urine] ;  after  an  epileptic  attack,  and  also  after  pleasurable  excitement  (Bm*^).    iJ^* 
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the  polyuria  anaccompaDied  by  the  presence  of  sugar  In  the  urine,  which  follows  injury  to 
part  of  the  floor  of  the  fourth  ventricle  (C7.  Jtentanl).  The  urine  is  measured  in  laU. 
d,  cyUndrical  vessels  (l"ig.335,  A).  [In  estimating  the  rjuantily  of  urine  passed,  the  patient 
course,  be  directed  always  lo  empty  bis  bladder  at  a  particular  hour,  and  collea  the  urine 
nring  the  next  twenty  four  hours.] 

he  specific  gravity  varies,  as  a  mean,  between  1015  and  1025;  the 
im,  alter  copious  draughts  of  water,  may  be  looa  ;  while  the  maximum, 
ofuse  perspiration  and  great  thirst,  may  be  1040.  The  mean  specific  gravity 
t  loao.  In  newly-born  children,  the  specific  gravity  falls  very  considerably 
the  first  three  days,  which  is  due  to  the  ingestion  of  a  large  amount  of 
\far/in  attJ  Rug^).  [The  specific  gravity  of  the  urine  in  infants  is  about 
I  1006.]  A  healthy  adult  excretes  about  50  grms.  [ij^  oz.]  daily  of  solids 
urine,  or  about  i  grm.  of  solids  per  i  kilo,  of  body  weight. 

ipecific  gravity  is  estimated  hy  means  of  a  uriuumctcr  (Fig.  235,  B),  the  urine  being  at 
>crature  of  16°  C.  [The  urinometer,  when  placed  in  diMiUed  water,  ought  to  float  at  the 
or  zero,  which  is  cnnveniioiially  spoken  of  as  1000.  The  urine  itself  ought  lo  he  tested  in  an 
idrical  glass,  of  such  width  that  the  urinometer,  when  placed  in  it,  may  Itoat  freely  and  not 
tC  sides.  Take  care  that  no  air  bubbles  adhere  to  the  instrument.  When  reading  oi^  the 
the  stem,  raise  the  vessel  to  the  eye  and  bring  the  eye  on  a  level  with  the  surface  of  the 
oting  the  number  which  corresponds  to  this.  This  rule  is  addplcd,  Ijcoiubc  the  water  rises 
lem  in  virtue  of  capillarity.  It  is  essential  that  a  sample  of  the  mixed  urine  of  the  twenty* 
rs  Ite  used  for  ascenaining  the  mean  spccitic  gravity.] 
tiaon's  Formula. — To  ciJimatc  the  auiuuiit  of 
1  the  urine.     This  may  be  done  approximately 

s  of  the  formula  of  Trapp  or  Hacscr,  or,  as  it  A  B 

I  in  this  country,  "  Clinstiaon's  formula,"  viz , 
tly  the  two  last  6gures  of  a  specihc  gravity  er- 
iti  lour  Hgures  by  2-^^"  t  Christisint  and  haeser], 
\  {7rapp),  or  2.3  (Lvf&iscA}.  This  gives  the 
of  »oU(b  in  every  looo  parts.  [Supt>«)5e  a  person 
too  c.  c.  urine  in  twenty -four  hours,  and  specUic 
s  1023, then 

*3  X  2.33  =  51.26  grms.  in  looo  C.C. 
tain  the  amount  in  1200  c.  c. 

51.26  X  <200 
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61.51  grms-j 


1000 

t  estimation  to  determine  the  exact  amount 
i.  I'lacc  15  c.  c.  of  urine  in  a  capsule  of  known 
and  eva)K>rate  it  over  a  water  bath,  afterward 
tij  dry  the  residue  in  an  air  bath  at  too"  C, 
n  cool  it  over  concentrated  sulphuric  acid, 
the  process,  a  small  amount  of  urea  it  decom- 
1  that  the  value  obtainctl  is  slightly  loo  small. 
C  the  specific  gravity  varies  with  the  amount  of 
the  urine.  The  mast  eoiufntra/tt/  (highest  spe- 
*\Xy)  urine  is  the  maming  urixie  (Urina  noctis), 
y  after  being  reiaine<l  in  the  bladder,  e.g.,\ii 
d  sleep  a  certain  amount  of  water  is  absorbed,  so 

urine  liecomcs  more  concentrated.  The  most 
ine  is  secreted  after  copious  drinking  [Urina 

Under  pathological  conditions,  as  in  diabetes 

({  I7SJ<  the  urine  is,  at  the  same  time,  very 
(at  much  as  10,000  c.c.l,  and  very  concentrated, 
e  specific  gravity  varies  from  1030  to  1060.  [The 
ci6c  gravity  in  this  case  is  due  lo  the  presence  of 
imoant  of  grape  sugar.]  In  fever  ihc  urine  is 
ated,  and  small  in  amount.  In  polyuria,  due  to 
icrvDUs  conditions,  the  urine  is  very  dilute  and 

white  the  spcciUc  gravity  may   be  as  low  as 


"he  color  of  the  urine  depends  on  the 
g  matters  present  in  il,  and  varies 
»  but  the  differences  in  color  are  due 
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chiefly  to  the  variations  in  the  amount  of  water.  Normally,  it  has  a  pale  stnw 
color,  but  if  it  contains  more  water  than  usual  it  has  a  very  pale  tint,  and  in 
certain  cases  (as  in  the  siidden  polyuria  occurring  after  an  attack  of  hyMeria),  ii 
may  be  as  clear  as  water.  Concentrated  urine,  as  after  meals,  or  thr  liist  urioe 
pa.ssed  in  the  morning,  has  a  darker  color;  it  is  a  dark-yellow  or  brownish-red ; 
while  it  is  usually  dark  colored  in  fever. 

Foetal  urine,  and  also  the  urine  lira  passed  after  birth,  are  as  clear  and  colorless  as  waier.  Tk 
adtnixturc  of  various  substances  with  the  urine  altera  its  color.  When  mixed  wkh  blood.  accan&i| 
to  the  degree  of  decomimsiiion  of  the  hormoglobin,  the  urine  is  red  or  dark  browniili-red 
[more  frequently  it  U  .rmoij'],  tnpcciaWy  if  the  blood  comes  from  the  kidneys  and  the  urmcu 
acid.  When  mixed  with  bile  pigments,  it  is  of  a  deep  ycltowi  ah -brown,  with  an  intcnac  jreflo* 
fn>th ;  senna  taken  internally  makes  it  intensely  red.  rhubarb  brownlsh.yeHow,  and  carbolic  add 
black.  Urine  undergoing  the  ammoniacnl  rcrmenlaiion  may  present  a  dirty,  bluish 
owing  to  the  formation  of  indigo.  Tbc  color  of  urine  is  estimated  by  Ncubaucr  and 
meaiis  of  an  empirical  '*  color  saile." 
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Ricence. — Urin*,  but  esp«cially  ammoniacal  urine,  f  xhihiis  fluorescence,  which  diuppcan  oa 
■ticin  nf  an  acid, and  reai»i>cars  after  the  addition  of  an  alkali  {Sc/irtHMn,  SiJi/eijs,7:  Lifwenfeld  \, 
9UB  Cloud. —  Normal  urine,  after  btanding  for  several  hours,  depot^its  a  fine  cloud  of  vesical 
like  delicate  cotton  wool].  The  fruth  of  nurmal  urine  is  white,  and  disappears  jirctiv  rap- 
lie  that  i>n  an  albuminous  urine  pcr&i&bi  much  longer.  Tbc  urine  noc  unfreijucnily  coniatn.s 
riibelial  cells  from  the  bladder  and  urethra. 

Consistence. — Normal  urine,  like  water,  is  a  freely  mobile  fluid. 

\  quaniilies  of  sugar,  albumin,  or  mucus  make  it  less  mobile;  while  the  so-called  chylous 

\  worm  climates  may  be  like  a  while  jelly. 

he  taste  is  a  saline  bitter,  the  odor  is  characteristic  and  aromatic. 

ntAcal  urine  has  the  odor  of  ammonia.     Turpentine  taken  internally  gives  rise  to  the  odor 
,  cnpaiba  and  cubebs  a  Mrongty  aromatic,  and  asparagus  an  unpleasant  odor.     Valerian, 
a,  and  castoreum    [but  not  camphor]  also  produce  a  characteristic  odor.     [The  odor  of 
nrine  is  described  as  "  sweet.*'  ] 

he  reaction  of  normal  urine  is  acid,  owing  to  the  presence  of  acid  sails, 
acid  sodic  phosphate,  which  seems  to  be  derived  from  basic  sodic  phos- 

( owing  to  the  uric  acid,  hippuric  acid,  sulphuric  acid,  and  CO,  taking  to 
Ives  part  of  the  soda,  so  that  the  phosphoric  acid   forms  an  acid  salt. 

ft  diet  of  flesh,  arid  potassic  phosphate  is  the  cause  of  the  acidity.     That 

Uie  contains  no  free  acid  is  proved  by  the  fact  that  it  gives  no  precipitate 

pdic  hyposulphite  (».  Voitj  Huppert')* 

icid  reaction  U  increased  after  the  use  of 
1^.,  hydrochloric  and  phosphoric,  also  by 
peal  salt»,  which  arc  changed  within  the 
Id  nitric  acid  ;  lastly,  after  prolonged  mus- 
kertion  (AViyyi*/,  Fustier).  The  morning 
I  strongly  actd. 

[Brine  l>ecomes  less  acid  or  alkaline — 
jtbe  use  of  caustic  alkalies,  alkaline  car- 
k  or  alkaline  salts  of  Ihc  vegetable  acids, 
fbcir^  oxidized  u  ilhin  the  thidy  into  car- 
L  (a)  Hy  the  presence  of  calcic,  or  mog- 
Irbonate.  (3)  By  admixture  with  alkaline 
9T  pus.  (4)  I'y  removing  the  gastric  juice 
I  a  gastric  tistula  (p.  372 — Maly) ;  further, 
fte  10  three  hoars  after  a  meal  [The  reac- 
F  nrine  passetl  during  digestion  may  be 
^or  even  alkaline.     This  is  due  either  to 

latiun  of   acid   in   the   stomach    [Benee 
\ot  to  a  lixed  alkali  deriveil  from  the  basic 

phosphates  taken  with  the  food  (  /r.  Ifoh- 
1(5)  Tlie  urine  ii^  rarely  alkaline  in  anivmia, 

a  deficiency  of  phosphoric  and  sulphuric 

(6)   The   naturf  of  the  food — vegetable 

tes  it  alkaline.     (7)  By  profuse  sweating 

fmann).     f8)  By  absorption  of  alkaline 

tions  (blooa  serum),  QuiMcAe.'\ 

. — [The  reaction  of  tirine  is  tested  by 
lilnius  paper  Normal  urine  turns  blue 
pBper  red,  and  does  not  affect  red  litmus. 
kldic  uritie  makes  red  litmus  (^>apcr  blue, 
ineuiral  urine  docs  not  alter  either  blue  or 
Ins  paper.]  Sometimtrs  I'io/et  litmus  paper 
FWliich  becomes  red  in  acid,  and  blue  in 
I  urine. 

nation  of  the  Acidity. — This  is  done  by 
ping  the  anKiunt  of  caustic  soda  necci>sary 

:c  a  neutral  reaction  in  too  c.c.  of  urine. 

solution  containing  0.0031  grm.  of  soda 

.c.  is  used  ;   I  c.c.  of  this  solution  cxactlv 

!*  o.P(y<3  grm.  oxalic  acid.     To  the  i' 

nne  in  a  hcakcr,  aoda  solution  is  aditcl.  ._ 

r>ip,  from  a  graduated  burette  (  Ftg.  236),  ^e 

lei  himus  paper  l>ecomes  neither  red  nor 
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blue.  The  number  of  c.c.  of  soda  Enlulton  is  now  read  off  on  ihc  barcMe,  and  u  each  c.c  carnu 
ponds  lo  o.oo6j  gnn.  oxalic  acid,  wc  can  easily  calculate  the  amount  of  oxalic  acid  wbicb  »  A]an- 
aleni  to  the  degree  of  acidity  in  loo  c.c.  of  urine.  So  that  the  degree  of  acidity  of  the  wnnei* 
cxprcmicd  by  the  equivalent  amount  of  oxalic  acid,  which  is  completely  neutralized  by  the  umr 
amount  of  caustic  so<Ia. 

Urine  of  Mammals. — Hie  urine  of  camivora  is  fHilc,  j>a5sing  into  a  golden  yellow  ;  ili  ipccfic 
gravity  is  high,  and  its  reaction  strongly  acid.  The  urine  of  hcrbivora  is  alkaline ;  it  thowc  i  pn- 
cipitate  of  earthy  carbonates  (hence,  it  effervesces  on  the  addition  of  an  acid ),  and  of  \yatac  eutbf 
phosphates.  During  hunger,  (he  urine  presents  the  character  uf  that  of  camivora,  as  tite  animal  ia 
this  case  practically  lives  upon  its  own  flesh  and  tissues. 

356.-1.  THE  ORGANIC  CONSTITUENTS  OF  URINE.— Urea 
=  CO(NHi),. — Urea,  the  diamide  of  CO,,  or  carbamide,  is  the  chief  cod 
prodtict  of  the  oxidation  of  the  nitrogenous  conslituenia  of  the  body.  Its  com- 
position is  comparatively  simple:  i  carbonic  acid  -f  a  ammonia  —  t  water,  ll 
crystallizes  in  silky,  four-sided  prisms  with  oblii(ue  ends  (rhombic  system),  with- 
out water  of  crystallization  (Fig.  237,  a),  but  when  it  crystallizes  rapidly  it  fomu 
delicate  white  needles.  It  has  no  action  on  litmus,  is  odorless,  and  has  a  weak, 
bitter,  cooling  taste,  like  saltpetre  ;  is  readily  soluble  in  water  and  alcohol,  but 
insoluble  in  ether.     It  is  an  isomer  of  ammonic  cyanate,  frotu  which  it  maybe 
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a,  Ur«a :  t,  hcxagonat  pUto ;  asd  e,  smaller  Male*,  or  rhombic  platea  of  urea  n(tntc. 

prepared  by  evaporation  (  Hohlrr,  1828),  whereby  the  atoms  rearrange  thcmsclva. 
It  can  be  prepared  artificially  in  many  other  ways. 

Decomposition. — When  healed  above  t20°,  it  gives  off  ammonia  vapor,  wbile  a  gluiy  wf»^ 
biuret  and  cyanic  acid  is  left.  When  urine  undergoes  the  alkaline  fertnentntion  (|  ^3^,  or  «ha 
area  is  treated  with  strong  mineral  acids,  or  hoilcd  with  the  hydrates  of  the  alkalies,  or  *u|xthnl«J 
with  water  (240^  C),  it  takes  up  two  molecules  of  water  and  produces  ammonium  carbooaH, 
thui — 

CO{NH,),  -f  aH.O  =  COCNH^O),. 

When  brought  into  relation  with  nitrous  acid,  it  splits  up  into  water.  COj,  and  N.  The  two  M 
decompcMitionii  arc  made  the  basis  of  methods  fur  the  quantitative  estimation  of  urea  (|  357}- 

Quantity.— In  normal  urine,  urea  occurs  to  the  extent  of  3.5  to  3.2  percent- 
An  adult  man  excretes  daily  from  30  to  40  grms.  [500  grains,  or  a  little  ov«  i 
oz.]  ;  women  excrete  less,  while  children  excrete  relatively  more ;  owing  to  th< 
relatively  greater  metabolism  in  children,  the  unit  weight  of  body  produces  inoR 
urea  than  the  unit  weight  of  an  adult,  in  the  proportion  of  1.7  :  1.  If  tbco»rt»' 
bolism  of  the  body  is  in  a  condition  of  equilibrium  (§  236),  the  urea  excreted  fW*' 
tains  almost  as  much  N  as  is  taken  in  with  the  nitrogenous  constituents  of  the  food- 
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'ariations  in  the  Quantity. — The  amount  of  urea  increases  when  the 
amount  of  proieids  in  the  food  is  mcreased  ;  and  also  when  there  is  a  more  rapid 
breaking  up  of  the  nitrogenous  tissues  of  the  body  itself.  As  this  breaking  up  is 
increased  by  diminution  of  O  {Frankei^  PenzoUt,  and  Fieischer)^  and  by  loss  of 
blood  {Bauer)  ;  so  these  conditions  also  increase  the  urea  {%  41).  It  is  also  in- 
creased by  drinking  large  draughts  of  water,  by  various  salts,  by  frequent  urina- 
tion, and  by  exposure  to  compressed  air.  In  diabetic  persons,  who  eat  very  large 
quantities  of  food,  it  may  exceed  100  grms.  [over  3  oz.]  per  day  ;  during  hunger 
it  sinks  to  6.  i  grras.  [90  grains]  per  day  {Seegen).  During  inanition,  the  maximum 
amount  is  excreted  toward  mid-day,  and  the  minimum  in  the  morning.  The 
daily  amount  of  urea  varies  with  the  quantity  of  urine  ;  three  to  five  hours  after  a 
meal(  the  formation  of  urea  is  at  a  maximum,  when  it  sinks  and  reaches  its  mini- 
mum during  the  night.  Muscular  exercise,  as  a  rule,  does  not  increase  it 
(r.  y'oH,  Jui'i,  and  IVis/iienus—^  295).  but  only  when  deficiency  of  O,  causing 
dyspntca,  occurs  at  the  same  time  (  Oppenhcim). 

Patbologica]. — In  acute  febrile  mnanini<-ttions.  nti<j  in  fcTcn  gcneralljr  {\  22,  3).  the  urea  tn. 
cremses  nntilthe  crisis  is  reached,  and  afterward  ii  diminishes  (  Vogtl).  After  the  fever  has  passed 
off,  ihc  amount  excreted  U  often  under  the  normal,  tn  some  cases  of  high  fever,  nlihoui^h  the 
amount  of  area  fonncd  is  increased,  it  may  not  be  ciccrctcd  ;  there  is  a  Tetention  oftkf  urea,  while, 
later  un,  \\\\s  may  lead  tn  an  increased  excretion  {Naunyn).  In  ikronic  Jistasfi,  the  nmnunt 
depends  largely  upon  the  state  nf  ihc  nutrition,  the  metabolism,  and  also  upon  the  degree  of  fever 
presenL  licgenerative  changes  in  the  liver,  ^.  ^'..  due  to  poisoning  with  phosphorus,  inay  be  ac- 
conpanied  liy  diminished  excretion  of  urea  and  increased  excretion  of  ammonia  {SfaJflmaHn).  It 
is  increased  in  roan  hy  morphia,  narcotin.  marcein,  papavcrin.  codein,  thebain  [fubini),  arsenic 
{GdtAgms),  compounds  of  antimony,  and  Kmatl  doses  of  phosphorus  [Bauer)^  which  favor  the  de> 
composition  of  protcids.     (Quinine  which  "spares"  the  protcids  diminishes  it. 

Occurrence. —Urea  occurs  in  the  bl*}od  (i  :  10.000),  lymph,  chyle  (2-  1000),  liver,  lymph 
glaniis.  spleen,  lungs,  brain,  eye,  bite,  saliva,  amniotic  nui<l,  and  |>atholngically  in  sweat,  ^.  ^..  in 
cholera,  in  (he  vumtt  and  sweat  of  urxmic  patients,  and  in  dropsical  Huids. 

Formation. — It  is  certain  that  it  is  the  chief  end  product  of  the  metabolism 
of  the  protcids.  Less  oxidi/ed  products  are  uric  acid,  guanin,  xanthin,  hypo- 
xanthin,  alloxan,  allantoin.  Uric  acid  administered  internally  appears  in  the  urine 
as  urea  ;  alloxan  and  hypoxiinthin  can  be  changed  directly  into  urea.  The  urea 
excretion  is  increa.sed  by  the  administration  of  Icucin,  glycin,  aspartlc  acid,  or 
ammonia  salts.  {Schuhen^  Netuki.)  As  yet,  it  has  not  been  definitely  determined 
where  urea  is  formed,  but  the  liver  and,  perhaps,  the  lymph  glands  are  organs 
where  it  is  produced  (§  178). 

Tn  birds,  llie  liver  forms  uric  acid  from  ammonia,  llie  liver  can  be  readily  excluded  from  the 
circulaiton  in  birds,  and  Minkowski  found  that  after  this  operation  the  uric  acid  was  diminished  and 
the  anmioniacal  sall&  increased  {\  i?^). 

Antecedents.— Inuring  digestion,  the  proteid*  ve  converled  into  leacin,  tyrocin,  glycin,  and  as- 
paraginic actd.  If  the  omido  acirjs,  glycin,  leucin,  or  asparaginic  acid,  or  ammonlacal  salts,  be 
given  tu  an  animal,  the  amount  of  urea  excreted  is  increa^ied.  As  the  m')lecute  of  the  amido  acids 
contaios  unly  one  atom  of  N,  and  the  molecule  of  urea  contains  two  of  N,  il  Is  probable  that  urea 
may  tie  formed  iynthetunliy  from  these  acids.  It  is  possible  that  the  amido  acids  meet  with  nitro- 
senotu  rcMducft  in  the  juices  of  ihc  body,  ^.^..carbamic  acid 

^Bbcyanic  acid.     'Hie  union   of  these    may  produce   urea. 

^^Dording  to  Salkowski,  feeding  with  these  substances 
CMWes  the  breaking  up  of  the  pro)>er  uroteida  of  the  body 
ao  as  to  provide  the  necessary  comfirments,  .Schmiedel»erg 
il  of  opinion  that  urea  is  formed  in  the  l>ody  from  ammonia 
cubooate  by  the  removal  of  water ;  and  v.  SchrOder  found 
thai,  when  he  pav>ed  blood  containing  ammonia  carbonate 
through  a  frexh  liver,  the  urea  in  the  blond  was  greatly  in- 
creased. Drech&el  »uccee<led  in  prmlucing  urea  at  ordinary 
temperatures  by  the  rapirl  alternating  oxidation  and  ie<luc- 
tioo  of  a  watery  solution  nf  ammonia  carbonate.  [We 
know  thai  the  greater  part  of  the  urea  exists  in  the  blood, 
and  that  the  rennl  epithelium  removes  it  from  the  blooii. 
Although  it  is  surmised  that  some  of  the  protcid  bodies 
named    above,   mr)re   especially  leucin.  and   peihaps,  also, 


Fig. 


Perfect  crystals  of  oxalate  ol  una. 
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ttrcaiin.  are  the  prfcnrson  of  urea,  yet  we  omnot  say  definitely  how  or  wbere  ihe  irtnffonniiioa 
lakes  place.     Perhaps  llm  i&  effected  in  the  liver,  and,  it  may  be.  also  iu  Ihe  sfilecn  i\  lojl)-] 

Preparation. — Liea  is  readily  preftareiJ  from  dog's  urine  (e&pci tally  after  n  diet  of  flrsh)  bj 
evaporating  it  to  a  syrupy  consistence,  extracting  it  with  ftlcoUo).  and  again  evaporaling  ihc  filtnti 
to  a  syrupy  consistence.  The  crT,-staU  which  lefiaratc  are  washed  with  water  to  mnotv  taj 
extradivrs  that  may  be  mixed  with  i))em.  and  diswived  in  aliM>lute  nicobol  It  is  then  filtered  ud 
allowed  to  crystallize  slowly.  Or,  hunian  urine  may  he  evaporated  to  one  iixih  of  a&  4i4ui^ 
and  cc'ted  to  o°,  am)  excess  of  strong  nitric  acid  added,  which  precipiiate»  urea  nitratt  BtMd 
wiih  colorini;  mailer.  This  prec  piiaie  is  pressed  in  bluuin^;  paper,  then  disisolved  in  boilli^  mis 
containing  animal  charcoal,  and  tillered  while  hot.  When  it  coots,  cidorle&s  crystals  of  area  ntaiu 
!«cparalc  (Fig.  237,  r).  These  crystals  are  redisMjlver]  in  warm  water,  and  barium  carbonile  idM 
until  effervescence  ceases;  urea  and  ttarium  cnrlwnate  are  furmcd.  Evapuraie  to  dryncM, esntt 
with  at>!iolaie  alcohol,  tiller,  and  allow  evaporation  to  lake  p'ace,  when  urea  separates^ 

Compounds  of  Urea. — ^Urea  combines  with  acids,  bases  and  sails.  The 
following  are  the  most  important  combinations: — 

1.  Urea  nitrate  (CH,\/).  HNO,)  is  eaftily  M>lublc  in  water,  and  not  so  soluble  in  wiier  con- 
taininfi. nitric  acid.  It  forms  characteristic  rhombic  crystals  (Fig.  237,  ^  and  c).  Somettnrt  the 
formation  of  these  crystals  is  used  to  determine  microscopically  the  presence  of  urea  in  a  flttwi. 
If  a  tluid  is  suspected  tu  contain  minute  traces  of  urea,  it  is  cuncentrated  and  a  drop  of  the  fluid 
is  put  on  a  microscopic  slide.  A  thread  is  placed  in  the  Huid,  and  the  whole  is  covered  witb  t 
cover  glass.  A  drop  of  concentrated  nitric  acid  is  allowed  to  How  under  the  cover  glasa.,  and  after 
a  time  cry.slaU  of  urea  oilratc  adheriiiK  to  the  thread  may  lie  detected  with  the  micmscopc. 

2.  Urea  oaalale  (CH,N,0),,  Cfll^O,  -f  11,0,  U  made  by  mixing  a  coocenirated  solutiooof 
area  with  oxalic  acid.  The  crystals  form  prou|»  of  rhoml^c  tables,  often  of  irregular  shape,  li  is 
only  slightly  soluble  in  cold  wiUer.  and  vtill  less  so  in  alcohol  {Fig.  238). 

3.  Urea  phosphate  (CT[^N,0,  Il^PO,)  forms  large,  glancing  rhombic  crystals,  very  easily 
soluble  in  water.     It  is  obtained  I>y  evaporating  the  urine  of  pigs  fed  on  dough. 

4.  Sodic  chloride  f  urea  {CH^N^O.  NaCl  -f-  H,0;  forms  rhombic,  shining  prisms,  which 
are  sometimes  deposited  in  evaporated  human  urine. 

5.  Urea  -\-  mercuric  nitrate  is  oblaine<l  as  a  white,  cheesy  precipitate,  when  mercuric  nitnte 
is  added  to  a  Mjtutiun  uf  urea.  1  Jebig's  titration  method  for  urea  dctKnds  on  thi»  rcadiun  i\  257, 
II). 

957.  QUALITATIVE    AND    QUANTITATIVE    ESTIMATION    OF   UREA.— I. 

The  Qualitative  Estimation  of  Urea.— (il  /r  may  te  i so/a ff<f  12s  suck.     M alf>umin  he  preseat, 
ndd  to  the  t^uid  three  to  four  times  its  volume  of  alcohol,  and,  after  several  hours,  6her.     £^ 
rale  the  filtrate  over  n  water  l>aih.  and  di-^solve  the  residue  in  a  few  drops  of  water. 

12)  The  crystals  of  urea  nitrate  mny  be  detected  microsropically  {Fig.  237). 

II.  Quantitative  Estimation.— (i)  Sodic  hypobromite  decomposes  urea  intoCO,.  H.Oai 
N.     On  this  reaction  dcpcnils  the  Knop-llilfncr  method  of  ijuantitativc  estimation.     The  K  riics 
in  the  form  of  small  bubbles  in  the  mixed  6uid,  while  the  CO,  is  absorbed  by  the  caustic  toiu 
[The  reaction  is  the  following  : — 

N3H4CO  T  3NaBrO  =  3  NaBr  +  CO,  +  SH.O  +  N. 
The  nitrogen  is  collected  and  estimated  in  a  graduated  tube,  and  the  amount  of  urea  calculated 
from  the  volume  of  nitrogen.     The  uric  acid  is  also  decomposed,  but  thai  can  be  estimated  seps 
rately  and  a  cotreaton  made.     We  may  use  the  apparatus  of  Ku&sell  and  West,  or  Ihipre,  or  thai 
of  Chartens  (Fig.  239).] 

[Ureameter. — Make  a  solution  of  hypobromite  of  soda  by  mixing  100  grammes  NallO  in  250 
c.c.  of  water,  and  adding  25  c.c.  of  bromine,     it  is  better  to  be  made  fre^h,  as  it  decomposes  hy 
keeping.     The  graduateil  tube  is  placed  in  a  cylindrical  vessel,  hlled  with  water,  and  oepreiacd 
untd  the  zero  on  the  tube  coincides  with  the  level  uf  the  water.     Introduce  15  c.c.  of  the  bypt^ 
1  mmile  solution  tntu  the  pyramidal  sha)ie<l  bottle,  while  into  a  short  test  tube  are  placed  5  c.c  of 
urine.     The  test  tube  with  the  urine  is  imroduced  into  the  boiilc  by  means  of  a  pair  of  forceps ii 
such  a  way  that  it  docs  not  spill.     CIu.se  the  bottle  Kghily  with  the  caooichoac  stopper,  thnaifh 
which  passes  a  gla.is  lube  to  connect  it   with  the  graduated  burette.     Incline  the  bottle  so  osl* 
allow  the  urine  to  mix  with  the  hypobromite  solution,  when  the  gases  arc  given  off.  and  pass  iMO 
the  collecting  tube,  which   is  gradtially  raised  until  (he  purf.ices  of  the  lijuid*  outside  and  in  cab- 
cide.     Time  should  Ih:  allowed  to  permit  the  whole  apparatu!i  to  have  the  same  temperature-     KcmI 
off  the  amount  of  gas  N  evolve*!,  for  the  CO^  is  alworbcd  by  the  caustic  sotla.     The  cullectifl( 
tube  is  usually  graduated  beforehand,  so  that  each  division  of  the  lube  is  ::=  o.i  per  cent,  of  urt% 
or  0.44  gr.  \ytT  fluid  oz.     Thus,  suppose  50  ox.  of  urine  are  passed  in  twenty>four  hoars,  aod  tlai  J 
c.c.  of  urine  evolve   18  measures  of  N,  thca  0.44  X  18  X  50  ^  396  grs.  of  urea.     If,  ho»tm, 
the  tul>c  be  graduated  into  c.c, then  30.3  c.c.  of  N  =r:  o.i  grm.  of  urea  at  the  ordinary  lctn|ienan 
and  pressure.] 

[Squibb's  Method  is  simple  and  expeditious.  Mea<-urc  oflT  \^  oz.  of  liquor  todc  ckk^ 
(U.  S.),  and  pUce  it  in  A  (Fig.  240),  together  with  a  glass  thimble  D,  containing  4  c  c  of  orii*- 
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B  is  filled  with  water,  ooonected  by  an  India-rubber  tube  with  A,  and  so  adjusted  that  when  It  U 
in  the  position  fthown,  no  water  CM:apes  into  C,  Kilter  A,  and  mix  the  urine  in  D  with  the  chlorin- 
ated solution,  when  N  is  given  off,  displacing  water  from  H  into  C  All  the  N  escajjes  in  atwut  ten 
mitiaics.  When  the  pressure  in  A  and  B  is  restored,  the  contents  of  C  are  measured  by  a  i^ipettc 
(J),  so  graduated  that  each  measure  is  ^^  .0027  ^nn.  urea,  from  which  the  calculation  is  easUy 
made  t  .i/nrfint/o/f).] 

III.  Volumetnc  Method  {Lifh'g).  By  means  of  a  graduated  pipetle  fKig.  24i'i,  40  cubic  cen- 
timetres of  the  urine  arc  taken  up  and  placed  in  a  t>eaker.  To  this  is  added  20  cubic  centimetres 
of  barium  mixture  to  precipitate  the  sulphuric  and  phosphoric  acids.     The  IxLrittin  inixlure  consists 

Fig.  239. 


Fig.  341. 


Uidtmettr  of  Ch»fieri»,  aa  made   by   W.  Hume,  of 
Edtnl>urgh. 


Fic.  340. 


CrAduAUd 
plpeuc. 


ISqiJltflj'i  Mrthuil. 


of  I  vol.  of  a  cold  saturated  solution  of  bariuin  nitrate  and  3  vnts.  of  a  cold  saturated  solution  of 
bvium  hydrate.  Kilier  through  a  i/ry  filter,  and  take  15  cubic  centimetre*  of  the  fittrale.  whitA 
(orrespcnH  to  \o  c.c.  0/  unnt,  and  place  in  a  beaker.  Allow  a  titrnred  standard  solution  of 
mercuric  nitrate  to  drop  from  a  burette  into  tlie  urine  until  a  precipitate  no  longer  occurs.  The 
mercuric  nitrate  is  mft<!c  of  such  a  strL-ngth  that  I  cubic  cenliraeire  of  tt  will  combine  with  10 
milligrammes  of  urea.  Test  a  drop  of  the  mixture  from  time  to  time  in  a  watch  (;lass  or  piece 
of  glaas  blackened  on  its  umler  outface,  with  n  solution  of  sodic  carbonate,  which  is  colled  the 
iadlcaior.  Whenever  the  slight^M  ciccss  of  mercuric  nitrate  is  added,  the  mixture  »lrikes  zyeUtm- 
color  with  ifac  sotla.  The  standard  solution  must  be  added  drop  by  drop  until  this  rttull  is 
28 
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obtained.  Read  off  the  number  of  cubic  centtmetFcs  of  the  standard  solutbn  used :  u  cadi  cott- 
metre  corresponds  in  lo  milligrammes  of  urea,  just  multiply  by  ten,  and  the  amoonl  of  urn  la  M 
cubic  centimetres  of  urine  is  ulrtained. 

This  method  does  not  give  i|uiie  accurate  results  even  in  normal  urine.  To  urine  contabonf 
much  phosphates  is  added  an  equal  volume  of  the  banuni  mixture.  Vcr^-  acid  urities  nuiy  fv\iun 
several  volumes  tu  be  added.  L'rine  containinj;  albumin  or  blood  must  iic  boiled,  after  the  addilui 
of  a  few  drops  of  acetic  acM,  to  remove  tbe  aUmmin.  The  K>dic  chloride  in  the  urine  also  ioirr- 
fcres  with  the  accuracy  of  the  process,  as  on  adding  mercuric  mtratc  to  urine  mercuric  chtoridctaj 
sodic  nitrate  ore  formed,  so  that  the  urea  doe^  not  combine  until  the  sodjc  chloride  is  decomfw^ 
When  the  urine  contains,  as  is  uMiaUy  the  case,  i  to  i^  per  cent.  NaG,  deduct  2  cc  from  the 
number  of  c.c.  of  the  S.S.  added  to  lo  cc.  of  urine. 

258.  URIC  ACID  =  CiH.N.O,.— Quantity.— Uric  acid  is  the  tiitto. 
genous  substance  which,  next  to  urea,  carries  off  most  of  the  N  from  the  body; 
in  twenty-four  hours  0.5  grm.  (7  to  10  grains);  during  hunger,  0.24  gnu.  (4 
^ains)  ;  after  a  strongly  animal  diet,  2. 1 1  grm.  (30  to  35  grains)  arc  excreted. 
The  proportion  of  urea  to  uric  acid  is  45  :  i. 

It  is  the  chief  nllro^^enous  product  in  the  urine  of  birds,  reptiles,  and  inaccta,  while  it  ii  tbHH 
from  herbivornus  urine. 


Fig.  242. 


Ftc.  243. 


m 
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Fig.  149  — Uric  acid,  a,  rhomUc  labln  (whruivnc  form)-  t,  bflrrd  Ibrni:  e,  iheavo.  rf.  rM«ttei  of  ■•'licl>loac(TTr 
tall,  fill-  >43. — UrK  acid.  <i,  Hiomboldal,  inincalea,  hexaheilfal,  and  luminaled  crystal*:  S,  rlioibK  pf***> 
horironially  truncated  aiiKlea  of  llt«  riitimbu:  pmm,  iniMrfcci  rhombic  t>rl«an  :  r,  pmm  with  a  ticKAbcdnl  twK 
kiiriace,  baml-iKapcd  ti^re,  prlAm  with  a  hexahedral  mm|  surface:  m,  cyttadrical  Agurc.  ftt«V«l«  «lid  mfVtM* 
po»cd  groupt  of  cryitaL*. 

If  a  mammal  be  fed  with  uric  acid,  part  of  it  becomes  more  highly  oxidiied 
into  urea,  while  the  oxalic  acid  in  the  urine  is  also  increased  (§  260 — H7*hifri  p. 
Frerkhs) ;  in  fowls,  feeding  with  leucin,  glycin,  or  asparaginic  acid  \y.  Knitrim), 
or  ammonia  carbonate  {^SLhroeder)^  increases  the  amount  of  uric  acid.  Whcfl 
urea  is  administered  to  fowls,  it  is  redttcfd  chiefly  to  uric  acid  {CtKh^  J{.  Marer, 
/aft). 

Properties. — Uric  acid  is  dibasic,  colorless,  and  crystallizes  in  various  (oim 
(Figs.  242  and  243),  belonging  to  the  rhombic  system.  When  the  anglesiii 
rounded,  the  whdstone  form  {a)  is  produced,  and  if  the  long  surfaces  be  fJAttencd 
six-sided  tables  occur.  Not  unfrequently  diabetic  urine  deposits  spontaneoody 
large,  yellow,  transparent  rosettes  id').  If  20  c.c.  of  HCI,  or  acetic  acid,  b< 
added  to  i  litre  of  urine,  crystals  i^b)  are  deposited,  like  cayenne  pepper,  on  iht 
surface  and  sides  of  the  glass,  after  several  hours.  [The  HCI  decomposes  the 
urates,  and  liberates  the  acid,  which  does  not  crystallize  at  once,  owing  10  the 
presence  of  the  phosphates  in  the  urine  {^Brucke).     Crystals  of  uric  acid  iw 
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illy  yellowish  in  color  from  the  pigment  of  the  urine,  and  they  are  soluble  in 
caustic  potash.] 

Solubility. — It  is  tn&tclesa  and  odorless;  reddens  litmus;  is  soluble  in  18,000  parts  of  cold,  »tid 
in  15/xx}  of  Iwiling  w;iitfr,  and  insoluble  in  alcohol  and  ether.  Ilorljaczcwski  prepared  it  synthetic- 
&lly  bv  melting  together  ^'lycin,  or,  as  it  is  also  called  glycocin,  and  urea. 

It  %-i  freely  sulutile  in  alkaline  carbonates,  borates,  phosphates,  lactates,  and  acetates,  lhes«  !uills 
at  the  same  lime  removing  a  part  of  the  baM: ;  thus  there  are  formed  acid  urates  and  acid  sails  from 
the  neutral  .uJts.  It  is  hulublc  in  concentrated  sulphuric  acid,  from  which  it  may  be  precipitated  hy 
ibc  addition  of  wulcr.  Duriiiir  dr>-  distillation  it  decomposes  into  urea,  cyanurtc  acid,  hydrocy.inic 
acid,  and  ammonium  carbonate.  Superoxide  of  lead  converts  it  into  urea,  allanioin,  oxalic  acid,  and 
CO,  ;  while  oionc  forms  the  &ame  substances,  with  the  addition  of  alloxan.  When  it  is  retluced 
by  H  in  iiatu  nasiendi,  as  by  sodium  amal|;ani,  it  forms  xanihin  and  sarkin.  It  is  a  lcs«  oxidized 
metabolic  product  than  urea,  but  it  is  by  nu  means  proved  that  uric  acid  is  a  precursor  of  urea. 

Occurrence. — I'ric  acid  occurs  dissolved  in  the  urine  in  the  form  of  acid 
urates  of  soda  and  potash.  These  salts  occur  also  in  urinary  calculi^  gravel. 
and  in  gouty  deposits.  Ammonium  urate  occurs  in  very  small  quantity  in  a 
deposit  of"  urates/*  but  is  formed  in  considerable  amount  when  urine  becomes 
amraoniacal  from  decomposition  (Fig.  250).  Free  uric  acid  occurs  in  normal 
urine  only  in  the  very  smallest  amount.  It  is  sometimes  deposited  after  a  time 
(Fig.  349).  It  frequently  forms  urinary  calculi,  being  sometimes  deposited 
around  a  s])eck  of  albumin  as  a  nucleus  (^Kbstein).  [It  has  also  been  found  in  the 
blood,  liver^  and  spleen.  It  is  remarkable  that  it  has  l>eeii  found  in  the  spleen  uf 
hcrbivora,  although,  as  stated  above,  it  is  absent  from  herbivorous  urine.  In  gout, 
it  accumulates  in  the  blood  i^Garrod),] 

Tbe  urine  of  newly-born  children  contains  much  uric  acid.  Uric  acid  and  its  salts  are  increased 
after  wvere  muscular  exertion,  accompanied  by  perspiration,  in  catarrhal  and  rheumatic  fevers,  and 
wch  cotiditiuiu  as  arc  accompanied  by  disturbance  of  the  respiration ;  in  leukivmia  and  tumors  of 
the  spleen,  cirrhotic  liver,  and,  generally,  in  cases  of  catarrh  of  the  stomach  and  intestinal  tract,  foJ- 
lowing  the  excessive  use  of  alcohol.  [It  is  also  increased  during  ague  and  fevers,  and  pcrhafM  this 
hu  kome  relation  to  (he  congefition  of  the  spleen  which  accompaidcs  these  condiiions]  It  is 
diminished  alter  copious  draughts  of  water,  after  large  do^es  of  quinine,  caffcin,  potassic  iodtife, 
eominoci  salt,  sodic  and  hthic  carbonates,  sodic  sulphate,  inhalation  of  O,  slight  muscular  exertion. 
In  goat*  the  amount  excreted  in  llic  urine  is  smnll.  In  chronic  tumors  of  the  spleen,  aikvmia  and 
ch]orosi»,  when  the  respiration  is  not  at  the  same  time  emt>arrassed,  it  is  also  dim'mished. 

Urates. — Uric  acid  forms  salts — chiefly  acid  urates — with  several  bases,  which 
dissolve  with  difficulty  in  cold  water,  but  arc  easily  soluble  in  warm  water.  Neu- 
tral urates  are  changed  by  COj  into  acid  salts.  Hydrochloric  and  acetic  acids 
break  up  the  compounds,  and  crystals  of  uric  acid  separate. 

(1)  Acid  sodic  urate  usually  ap]jears  as  a  brickred  deposit,  more  rarely  gray  or  white  (latcri- 
lious  dc|iosiij.  tinged  with  urocryihrin,  in  urine,  in  catarrhal  conditions  of  the  digestive  organs,  and 
10  rheumatic  and  fehnle  aHections.  Microscopically,  it  is  completely  amorphous,  consisting  of 
granules,  somelimes  itis{X)scd  in  groups  \  Fig,  249,  6) ;  sumelimes  the  granules  have  spines  on  Iheut. 
The  coriespunding  potash  salt  occurs  not  ui)frei|uently  under  the  same  conditions,  and  preseuts  tbe 
tame  characters. 

(2)  Acid  ammoniutn  urate  (Fig.  250,  a)  always  occurs  as  a  sediment  in  ammoniacal  urine,  cither 
wUu  (1 ),  or  mixed  w  itii  free  uric  acid,  accompanied  by  triple  phospliaic.  Microscopically,  it  is  the 
same  as  (ij.  1 1 )  and  (2)  arf  4/ii/in^uiiA^tt  by  thi  ieiiimenf  Mssahnng  -rfhen  the  urine  it  keattii. 
If  a  drop  of  hydrochloric  acid  be  added  to  a  microscopic  prc]>aration  of  the  scditncnt,  crystals  uf 
uric  acid  separate. 

(j)  Acid  calcic  urate  occurs  sometimes  in  calculi,  and  ts  a  whitc,amoq)honx  powder,  Init  tdightly 
solut>ie  in  water.  When  heated  uo  platinum,  it  leaves  an  ash  of  calcium  caibooale.  Magnesia 
farcly  occurs  in  urinary  calculi. 

259.  ESTIMATION  OF  URIC  ACID.— I.  Qualitative.— i.  Micro- 
scopic Characters. —  The  api>earances  presented  by  uric  acid  and  its  salts  tmdcr 
the  microscope.  It  is  deposited  from  nrine  after  several  hours,  on  adding  acetic 
or  hydrochloric  acid. 

2.  Murcxidc  Test. — Gently  heat  a  urate  or  uric  acid  in  a  porcelain  vessel, 
along  with  nunc  acid.  Decomposition  takes  place,  and  the  color  changes  to 
yellow.    N  and  CO,  arc  given  off;  urea  and  alloxan  (C.HjN'iO,)  remain.    Evapo- 
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rate  slowly,  and  allow  the  yellowish -red  stain  to  cool ;  on  adding  a  drop  of  dilute 
ammonia,  a  purp/ish-trJ  color  of  murcxide  is  obtained  ;  it  becomes  blue  on  the 
addition  of  caustic  potash.  If  potash  or  soda  be  added,  instead  of  ammonia,  t 
violet  color  is  obtained. 

3.  Schiff's  Test. — If  a  little  uric  acid  or  a  urate  be  dissolved  in  a  solalion  of  an  sikalinc  cv- 
borutc,  and  this  be  dropped  upon  blotling  jiapcr  saturated  with  a  wo\\x\ion oi jik'ernUrale.ttAwiM^ 
of  the  silver  takes  place  at  once,  and  a  black  spot  \%  fonned  (//.  Stkiff). 

4.  On  l>oiling  a  solution  of  uric  acid  or  a  uralc  in  an  allcali,  wttn  Kehling's  solution  ({  (491  >)• 
at  f^Tsl  while  urate  of  the  suboxide  of  cap|>er  Is  deposited,  while  later,  red  copper  nboxidc  11 
formed. 

II.  The  Quantitative  estimation  may  be  made  by  adding  5  cubic  centimetres  of  concdtnled 
HCl  to  100  c.  c.  of  urioc,  and  allowing  it  to  fctand  for  forty-eight  hours  in  the  dark,  when  the  ark 
acid  is  precipitated  like  fine  cayenne  pei>per  crysiaU.  Salkowr»ki  and  Kokker  have  imprured  tk 
melbod.  All  the  uric  acid  is  not  precipitated  by  the  HCl,  even  aflcT  standing  for  a  time.  [E.  A. 
Cook  u»cs  sulphate  of  zinc  10  precipitate  the  uric  acid  as  urate  of  zinc.  Caustic  soda  is  wJaed  v> 
precipitate  the  phosphates,  and  then  to  the  clear  fluid  zinc  sulphate  solution,  which  precipitates  inle 
of  ritic  as  a  white  yclalimms  deposit.] 

[Haycraft'8  method  depends  on  the  fact  llial  uric  acid  forms  a  compound  with  silver— unteof 
silver,  which  xs  very  insoluble  in  water.  The  solutions  required  are  :  i.  Ceniinormal  ammoaic  ■! 
phocyanale,  made  by  dissolving^  8  grms.  of  crystals  in  I  litre  of  water,  and  adjust  to  dccinonu^  ailnr 
solution.  Dilute  with  9  vols,  of  water,  1  c.  c.  =  0.00168  uric  acid.  2.  Saturatetl  sotuttoaof  tm 
alum  (the  indicator).  3.  Pure  HNO^  (ao  to  30  per  cent.}.  4.  Strong  amnvoma.  Ammoniaa] 
silver  solution  made  by  dissolving  5  grnis.  AgNO,  in  lOD  c.  c.  water,  ami  add  NH^HO  dniil  tlic 
solution  becomes  clear.  Proce as.— Place  25  c.  c.  of  urine  in  a  beaker,  and  add  1  grm.  %v\\q  lactr 
bonate;  then  add  2  to  3  c.  c.  of  ammonia  to  precipitate  ammonio-magnetic  phosphate.  Add  lift 
2  c.  c.  of  aaiintitiiacal  silver  solution,  which  precipitates  silver  urate  in  a  white  gelaCtooas  fom. 
The  precipitate  is  then  thoroughly  washed  on  an  asbestos  litter,  and  then  dissolved  from  this  by  oitnc 
acid,  after  which  the  silver  is  estimated  (Volhard's  method).  In  doing  so,  add  a  few  drops  of  ihc 
indicator,  and  drop  tii  the  ceniinormal  solution  of  ammunic  sulpliocyanalc.  A  white  prcciptOle. 
with  a  transient  reddish  coloration,  will  lie  formed;  as  soon  as  the  red  color  is  permanent, tlu 
process  is  at  an  end.  The  uric  acid  present  is  ascertained  by  multiplying  the  number  of  cubic  ceao- 
metres  of  the  sulphocyanate  used  by  0.00168.] 

a6o.  KREATININ  AND  OTHER  SUBSTANCES.— Quantity.- 
Kreatinin,  C,H,jN;,().  (Lu-Z'/x'),  is  derived  from  the  krealm  of  muscle,  frvfin  which 
it  can  be  obtained  by  heating  in  a  watery  solution,  a  molecule  of  water  being  givco 
off;  and,  conversely,  kreatinin  may  take  up  water  and  form  kreatin.  The  ani09Q( 
excreted  daily  is  0.6  to  1.3  grammes  (8  to  18  grains). 

It  is  diminished  in  progressive  muscular  atrophy,  tetanus,  anemia,  marasmus,  chloroiM,  (on 
sumption,  pAralysiis;  and  is  increased  in  typhus,  inflainmaiion  of  the  lung:  it  is  atiacnt  froB  tlK 
urine  of  sucklingb. 

Properties. —  Kreatinin  is  alkaline  in  reaction,  easily  soluble  in  water  and  hot  alcoboL  ItocoP* 
in  the  form  of  colurleu,  oblique,  rhombic  columns.  It  forms  compouml^  with  acids  and  saU».  •ttl^ 
silver  nitrate,  mercuric  chloride,  and  esixcblly  wiili  sine  cMieriife.  Krealinin-ainc  chloride  iKi<- 
244)  if-  used  to  detect  it^  presence.  Test. — Add  to  urine  a  few  droiw  of  a  slightly-iirownish  «)• 
tton  of  nitm-prussidc  of  soda,  and  then  weak  caustic  soda  solution,  which  caukc  a  Buigundrnd 
color,  which  soon  disappears  (  Th.  (fW-/).  When  heated  with  acetic  acid,  the  cokir  cnangd  » 
green  or  blue  {SalkiKosAi).  Kreatinin  has  been  prepared  aniricially.  When  boile^l  with  tuiyt* 
water,  it  decomjmses  into  urea  and  sarkosin.  When  administered  by  the  mouth,  or  when  m)toti 
into  the  blood,  the  greater  part  of  it  reappears  unchanged  in  the  urine. 

Xsnthin  (—  Cj^H^X^Oj)  {Alttrcet}  occurs  only  loihe  amount  of  i  gramme  in  jookilo*.  nfanK 
It  is  a  substance  intermediate  between  sarkin  and  uric  acid.  Guanin  and  hypuxantbin  msybc 
changed  into  xanthin ;  in  contact  with  water  and  ferments  it  paww  into  uric  acid.  When  cnp* 
rated  with  nitric  acid,  it  gi%'es  a  yellow  stain,  which  becomes  yeilowish-rcd  on  adding  potaih.iw 
violct-rcd  on  applying  more  heat.  It  is  an  amorphous,  yellowish -white  powder,  fairiy  wbhk  ■ 
boiling  water.  It  has  also  been  found  in  trices  in  muscles,  brain,  liver,  $ittcen,  paocreis.  Vfi 
thymus.  The  crystalline  body  paraxanthin,  and  the  amorphous  beteroxanthio.  occur  in  tnco 
tn  the  urine  [Sahmon). 

Sarkin  (=  Hypoxanlhin),  (-jll^N\0. — As  yet  this  kubstancc  has  been  found  only  in  the  itf"* 
of  leukemic  patients  {Jakuhasfh),  and  it  h.is  l>cen  prepared  in  the  form  of  needles  or  tettf<"* 
scales  {S'htrtr\  from  muscle,  spleen,  thymus,  brain,  bone,  liver,  and  kidney.  In  N(>niM/ em*  * 
body  nearly  related  to,  and  possibly  identical  with,  hypoxanthin  occurs'(A'.  -Sii/i.'Tif;*!*).  Hyj**' 
Kanthin  closely  resembles  xanthin,  and  can  be  changed  into  it  by  oxidation.  Nascent  hydr^Oi^ 
the  other  hand,  reduces  uric  add  to  xanthin  and  hypoxanlhin.     When  evaporated  with  tuiiicx" 


ves  a  light  yellow  stain,  which  becomes  deeper,  but  not  reddish  yetlour,  od  adding  causitc  soda, 
more  cuily  ioluble  in  water  thaji  xanthin,  and  by  this  mcaiis  the  two  substanccii  can  be  Mpa- 
I  fmm  each  other.     Guanin  is  insoluble  in  water. 

xaluric  acid  (L'jH,N*fl,)  occurs  in  very  smati  ^Hf/it/t/K  combined  with  ammonia  in  urine. 
uoIoi*icatly,  it  ii  intercitmg  on  account  of  its  relation  to  uric  aciil.  It  is  a  white  powder,  Uightly 
>Ie  in  water.     Ammoaia  oxaiuraie  can  he  prepared  from  uric  acid. 

>xalic  Acid  (C,H,0|). — The  series  of  chemical  decompositions  of  oxaluric 
I  leads  to  oxalic  acid.     It  occurs^  but  not  constantly,  to  the  amount  of  20 
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chtortde.    d,  IwtU  with  nd'utins  tnarkt ,  h.  cryktalliKd  fron  water ;  c,  istct 
alcoholic  cxtncl. 


ligrammes  daily  a.s  oxalate  of  lime,  which  is  known  by  the  "envelope" 

pe  of  the  crystals  (Figs.  245  and  246J  ;  insoluble  in  acetic  acid,  and  forming 
isparent  octahedra.     More  rarely  it  assumes  a  bisrut  or  sand-glass  form  (Fig. 

»4).     According  to  Neubauer,  soluble  oxalate  of  lime  occurs  in  urine,  being 
in  solution  by  acid  sodic  phosphate.     This  substance  is  excreted  in  a  crys- 
ine  form,  the  more  the  reaction  of  the  urine  becomes  neutral. 

genetic  relation  of  oxalic  acid  to  uric  acid  is  shown  by  the  fact,  that  dogs 


Fig.  245. 
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I  of  Dm*,     o.  uctahcdra  .  h,  basal  plane  of  7J\  oclahedron  forming 
a  RcUiigU :  t,  cmnpound  formi ;  4,  dumb  b«lb. 


Petfecl  dumb-twH  crystals 
ofoxNtate  of  Umc 


ilb  uric  acid  excrete  much  oxalate  of  lime  {v.  Frerichs^  Wohter),     Oxalic 

^tnaiy  also  be  produced  by  the  oxidation  of  products  derived  from  the  fatty 

ries(p.  414). 

luri*. — 'File  eatii^  of  substances  containing  oxalate  of  lime  f  rhubarb)  increases  the  excretion. 

rd  excrctwn  is  called  oxaluria ;  it  is  regarded  as  a  sign  of  retarded  meiaboli&m  {Bfnekt)^ 

may  give  hm:  to  the  fommtton  of  a  calculus.     In  oxaluna  the  uric  acid  Is  also  often  increased 

mount.     Perhaps,  in  the  first  instance,  there  is  an  increased  formation  of  uric  actd,  from  which 

acid,  urea,  and  CO,  may  lie  formed.     The  amount  of  oxalic  actd  is  increased  after  the  use 

and  sodic  bicarbonate. 
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Hippuric  Acid  ^^  C»HbNO,  (Benzoylamidoacetic  acid)  occurs  in  large  .imoum 
in  the  urine  of  herbivora  {LUhig)^  and  in  them  it  replaces  uric  acid,  and  is  onf  of 
the  chief  end  products  of  the  metabolism  of  nitrogenous  substances;  in  hurain 
urine  the  daily  amount  is  small,  0.3  to  ^.^  gmis.  (5  to  50  grains).  It  is  an  odoc- 
less  monobasic  acid  with  a  biiier  taste,  and  crystallizes  in  colorless,  fuur-sidcd 
prisms  (Fig,  347).  It  is  readily  soluble  in  alcohol,  and  only  soluble  in  6ooi>im 
of  water. 

It  is  a  conjugated  acid,  and  is  formed  in  the  body  from  benzoic  acid,  or  some 
nearly  related  chemical  body,  such  as  the  cuticular  substance  of  plants,  or  fron 
oil  of  biuer  almonds,  cinnamic  or  chinic  acid,  which  easily  pass  by  redocikm 
(chinic  acid)  or  by  oxidation  (cinnamic  acid)  into  benzoic  acid ;  glycin  uniting 
with  it,  and  water  being  given  off — 

C,H.O,     +  C,H,KO,  =    C.H»NO,     -f   H,0 

Benzoic  acid   -|-       Glycin       =  Hippuric  acid    +  Warcr, 

[Formation. — When  benzoic  acid  is  introduced  into  the  alimentar>'  caiuUof 
an  animal  (rabbit  or  dog),  it  appears  in  the  urine  as  hippuric  acid  ;  while  nitro- 
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Hippuric  acid. 

benzoic  acid  appears  as  nitro-hippuric  acid.  As  the  benzoic  acid  |>as5es  thnxi^ 
the  body  it  becomes  conjugated  with  glycin  or  glycocin^  chiefly  in  the  kidneys. 
The  hippuric  acid  in  the  urine  of  herbivora  is  chiefly  derived  from  some  subsianrt 
with  a  benzoic  acid  residue  present  in  the  cuticular  coverings  of  the  food.  That 
hippuric  acid,  in  part  at  least,  is  formed  in  the  kidneys  is  shown  by  the  follov' 
ing  considerations:  If  arterialized  blood,  containing  benzoic  acid  and  glycin. of 
even  benzoic  acid  alone,  be  passed  through  the  blood  vessels  of  a  frtr«>h  living 
excised  kidney,  hippuric  ai;id  is  found  in  the  blood  after  it  is  perfused.  ^^^ 
after  forty-eight  hours,  if  the  kidney  be  kept  cool,  the  synthesis  takes  place.  If 
the  kidney  be  kept  too  long,  the  conjugation  does  not  take  place.  If  the  frc^ 
kidney  be  chopped  up,  and  kept  at  the  temperature  of  the  body  with  benioic  tcid 
and  glycin,  hippuric  acid  is  formed.  Oxygen  seems  to  be  necessary  forthcpro* 
cess,  for,  if  blood  or  serum  containing  carbonic  oxide  be  used,  there  is  nofono*- 
tion  of  hippuric  acid.] 

According  to  this  view,  it  is  derived  chiefly  from  tbe  food  of  herlHvorous  anunali,  and  benctU** 
absent  from  llie  urine  of  sucking  calves.  But  It  is  also  formed  in  itie  tiody  from  the  proieMls  '* 
the  doj;,  the  formation  of  hippuric  acid  occurs  in  the  kidney  {Sfhmitiie^erg  and  BMMge),tnii  in'** 
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■Iso  outside  the  kidney.  Kiltine  and  Hallwachs  thought  it  was  fanned  in  the  liver,  and  Jaars- 
;ld  and  Stt>ckvis  in  the  kidney,  liver,  nod  intestine.  TtteotoervBiion  of  Salonioii  thai.  aTter  excision 

the  kidneys  in  rabbits,  and  injection  of  benzoic  acid  into  the  blood,  hippuric  acid  wns  found  in 
e  muscles,  blood,  aiid  liver,  goes  to  shnw  that  it  must  be  formed  in  other  orgnns  hetiidc  the 
dneys.  The  power  of  changing  Iwtizoic  acid  introduced  into  the  human  body  inlo  bipnunc  acid, 
ay  crcn  be  abolithed  in  disease  of  the  kidney  {Jaarsr-eU  and  Siwivis,  Fr.  Kronecker).  Under 
irtain  circumstances  it  seems  that  hippuric  acid,  already  formed,  may  be  again  decomposed  in  the 
uuies. 

It  is  greatly  increased  after  eating  pears,  plums,  and  cranberries;  and  it  is  also  increased  in 
terns,  some  liver  aflections,  and  In  diabeteii.  When  boiled  with  strong  acid  or  alkalies,  or  ft-iih 
uirid  sulistances,  it  lakes  up  li  jO  and  splits  into  hen/:oic  acid  and  glycin. 

[Crystals  of  hippuric  acid  when  heated  m  a  tett  tulic  are  decomposed,  and  a  sublimate  of  benzoic 
rtd  and  ammonic  tienzoaie  condenses  on  the  upper  cool  part  of  the  tube,  while  there  is  an  odor  of 
ew  hay,  and  oily  drop^  remain  in  the  tube.]  It  is  freely  soluble  in  water,  with  difficulty  in  alcohol, 
bd  insoluble  iu  ether. 

Preparation.  — .\dd  milk  of  lime  lo  x\\^  fresh  urine  of  horses  or  cows  to  form  calcic  hippurate. 
liter,  evaporate  the  filtrate  to  a  small  bulk,  and  precipitaie  the  hippuric  acid  with  excess  of  hydro- 
lilortc  acid.    Tn  purify  the  hippuric  acid,  crystallize  it  several  times  from  a  hot  watery  solution. 

Cynuric  Acid. — C^o'^n^'jO^  -j-  H^O  occurs  in  the  uriiic  of  dogs  {J.  v.  Lirbi^). 

AUantoin,  C,H,N,0„  which  occurs  in  the  amniotic  fluid  of  the  cow,  is  found 
1  minute  traces  in  normal  urine  after  ^esh  food,  and  is  more  abundant  during  the 
rsl  weeks  of  life,  and  during  pregnancy. 

Af^er  large  doses  of  tannic  acid,  the  amount  is  increased  {SfkottiM)t  while  in  d<^  feeding  with 
ric  acid  al»o  increases  it  {Safkowski). 

Properties. — It  forms  shining,  prismatic  crystals;  from  the  urine  of  sucking  calves  it  crystallizes 
1  transparent  prisms,  tl  is  decomjMscd  by  ferments  into  urea,  ammonium  oxalate,  and  carbonate, 
nd  another  as  yet  unknown  body. 

Preparation.— ( <t)  The  urine  is  precipitated  with  basic  lead  acetate,  the  lead  in  the  filtrate  Is  re- 
loved  by  sulphuretted  hydrogen,  and  the  filtrate  itself  is  then  evaporated  tu  a  syrup,  from  which 
ke  Crystals  se^iarale,  after  standing  fur  several  ilays.  They  are  then  washed  with  water,  and  re- 
rysialliied  from  that  water  [Sttlkewsti). 

a6i.    COLORING    MATTERS    OF    THE    URINE.— i.  Urobilin 

fafft)  is  most  abundant  in  the  highly  colored  urine  of  fevers,  but  it  also  occurs 
n  normal  urine.  It  is  a  derivative  of  hsematin,  or  of  the  biie pigments  (§  177)  de- 
ived  from  the  latter.  It  is  identical  with  the  hydrobilirubin  of  Maly  (§117,  3.^). 
t  gives  a  red,  or  reddish  yeil&iu  color  to  urine,  which  becomes  yellow  on  the  addi- 
ion  of  ammonia. 

Preparation. — Prepare  a  chloroform  extract  of  urine  containing  urobilin  —add  iodine  to  the 
Ktract,  and  remove  the  iodine  by  shaking  the  mixture  with  dilute  caustic  potoiih,  which  forms 
otassic  iodide.  This  potasth  solution  becomes  yellow  or  brownish  yellow,  and  exhibits  bcautifa 
nen  JftutriufHet  [GerhartU). 

Urobilin  may  be  extracted  from  many  urines  by  ether  (^Salkowski).  When  subjected  lo  the 
clton  of  reducing  Eigenls.  e.  g  ,  sodium  amalgam,  a  colorless  product  is  obtained,  which  on  exposure 
>  the  air  absorbs  O,  and  become^  retransformed  into  urobilin.  This  colorless  body  is  identical  with 
le  chromogen  which  Jaffe  found  in  urine. 

tf  urine  is  treated  with  soda  ur  potash,  the  characteristic  absorption  band  lying  between  b  and  F, 
oases  nearer  to  b,  becomes  darker  and  more  sharply  de6ned  Acconling  to  Hoppe-Seyler.  urobilin 
I  formed  in  urine  after  it  1%  voided,  from  another  urobilin-forming  body  (jalT^'s  chromogen)  absorb- 
Iff  oxygen.  If  urine  containing  urobilin  be  made  alkaline  with  ammonia,  and  einu  chloride  be 
dded,  it  exhibits  mAr'ktiX  Jiucrfitfuce  ;  it  has  a  g^t-ffn  shimmer  by  reHecie<l  tight.  When  urobilin 
I  iioiaiid,  it  fluoresces  without  the  addition  of  zinc  chloride.  In  cases  of  jaundice  (|  ito),  where 
•melin's  tr^  sometimes  fails  to  reveal  the  presence  of  bile  pigments,  urobilin  occurs.  This  "  uro- 
ilin  icterus  "  { Gtrhardt)  occurs  chiefly  ofter  the  absorption  of  large  extravasations  of  blood.  Ac- 
ording  to  Ca?.eneuve,  the  urobilin  is  increased  in  alt  diseases  where  there  is  increased  di-Stnlcgration 
f  colored  blood  corpuscles. 

a.  Urochrome  (  Tliudichum^  '\<^  regarded  as  the  chief  coloring  mailer  of  urine.  It  may  be  iso- 
ucd  in  the  form  of  yellow  scales,  soluble  in  water,  and  in  dilute  acids  and  alkalies.  The  watery 
t>lutk<n  oxidiees,  and  when  exposed  to  air  becomes  red  owing  tn  ihe  fnrmaiion  of  uroerythrin 
Tkt»duhum\  When  acted  on  by  acids,  new  decom]>isition  products  are  formed, /.  ^'.,  urome- 
anio.     Uroeryihrin  gives  the  red  color  to  deposits  of  urates  {\  25SI. 

3  A  brown  pigment  containing  iron  is  carried  down  with  uric  acid,  which  is  precipilAted  on  the 
ddiiion  of  hydrochloric  acid  f{  258).  By  repeatedly  adding  sndic  urate  to  the  urine,  and  precipi- 
ating  the  uric  acid  by  hydrochloric  acid,  a  considerable  amount  may  be  obtained  \Ktmktt). 
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In  cases  of  melanotic  (umors,  there  has  been  occasionally  observed  urine,  which  i/ccumn  ujit, 
owing  lo  melaain  H  250,  4),  or  to  a  coloring  matter  containing  iron  (A'hm^c/). 

262.  INDIGO— PHENOL— KRESOL—PYROKATECHIN-AND 
SKATOL-FORMING  SUBSTANCES.  — i.  Indican  [CMI-NSO.j  or 
indigo-forming  substance  iSchunc/i),  is  derived  from  indol,  C,Ii,N  \_/a£eu  i^w 
basis  of  indigo  {Bayer),  and  is  formed  in  the  intestine  by  the  pancreatic  digo- 
tion  of  proteids  {^  170,  II),  but  it  also  arises  as  a  putrefactive  product  (§  184,61, 
Indol,  when  united  with  the  radical  of  sulphuric  acid,  HSOj,  and  combined  with 
potassium,  forms  the  so-called  indigogen  or  indican  of  urine  {Bn'eger,  Baumamil 
This  substance  CC»H.NSO«K  =^  indoxyl-sulphate  of  potash)  (orms  white  glancing 
tablets  and  places  ;  readily  soluble  in  water  and  less  so  In  alcohol.  By  oxidation 
it  forms  indigo-bUie — 2  indican  -f  O,  =  CiaH,9K,0,  (indigo-blue)  -f  aHKSO, 
(acid  potassic  sulphate).  It  is  more  abundant  in  the  urine  in  the  tropics^  and  it 
is  absent  from  the  urine  of  the  newly-born  {Senator). 

Tests.—  ( I )  Add  to  40  drops  of  urine,  3  to  4  c.c.  of  strong  fuming  hydrochloric  acid,  and  X 10  } 
drops  of  nitric  acid.  Boil,  a  vhUt-rtd  color  with  the  deposition  of  inic  trystai/trtf  tuJi^*-^ 
(rhomlric)  and  indigo-red  alle»t  its  presence.  Putrefaction  cauMrti  a  ktindar  decijin{x.niiioo  m 
indican;  hence,  we  not  unfrcquently  observe  a  bluUh-red  pellicle  of  microscopic  crystals  of  indieo- 
Wuc,  or  even  a  prcdpilate  of  the  same  [HiU  //assaJ,  fSjj).  (2)  .Mix  in  a  beaker  equal  qoaotiDa 
of  urine  and  bydrochloruuii  acid,  aud  add  two  drops  of  a  solution  uf  chloride  of  Ijtnc ;  ihe  miiran 
at  first  becomes  clear,  then  blue  [J<tffi).  Add  chloroform,  and  shaltc  thc*mixiure  vigorouil;  (ix 
some  time;  the  chloroform  dissolves  the  blue  colonic  matter,  which  is  obtained  as  a  deposit,  vhn 
ibe  chloroform  evaporates  f^Senafar,  SaliotejAi).  {x)  Heat  to  70°  one  part  of  urine  with  two  pwu 
of  niiric  acid,  and  shake  up  with  chloroform ;  the  chloroform  dissolves  the  indi^  which  is  V^mti^ 
assumes  a  violet  color  and  e^lvcs  an  absorption  band  between  C  and  D,  slightly  nearer  D  i/frfft- 
Scyier).  jaff6  found  in  1500  c.c.  of  normal  human  urine,  4.5  lo  19.5  milligrarames  uf  indi^, 
liorse's  urine  contains  23  time^  as  much.  The  subcutaneous  injection  of  indul  increases  the  indioa 
in  the  urine  {Jaffe\.  E.  Ludwig  obtained  indican  by  heating  hxmalin  or  urobilin  with  acuflir 
alkali  and  zinc  dust.      It  has  also  been  found  in  the  sweat  {Biiio). 

Pathological  — llie  indican  in  the  urine  is  Increased  when  much  indol  is  formed  in  the  JsM* 
line  (^  172,  II),  e.g.,  in  typhus,  lead  colic,  trichinosis,  calanrah  and  hemorrhage  of  the  sIcMnick 
cholera,  carcinoma  of  the  liver  and  stomach;  obstruction  of  the  bowel  or  ileus,  periloniiis  isd 
diseases  of  the  small  intestine — in  cachexiie,  longstanding  suppuration,  paraplegia— alter  taking 
creosote,  oil  of  l)iiler  almondt,  turpentine  or  nux  vomica. 

2.  Phenol,  C«H/),  carbolic  acid,  nionohydroxylbcnzol,  §  252),  was  discovered 
by  Siadcler  in  human  urine  (more  abundant  in  horse's  urine).  It  does  not  occur 
as  carbolic  acid,  but  in  combination  with  a  substance  from  which  it  is  separated 
by  distillation  with  dilute  mineral  acids.  The  "  phenol-forming  substance"  i»t 
according  to  Hanmann,  "  phenolsulphuric  acid  "  (C»HjO,  SO,H),  which  ia 
urine  is  united  with  potash. 

T'h'nol  is  derived  from  the  decomposition  of  prolcids  by  pancreatic  di(;estion  (}  i^l^IT). <B^ 
also  from  putrefaction  {\  184,  6j,  the  mother  substance  tiein^;  ty rosin.  Ilencc.Ihe  formatiMC^ 
phenolsulphuric  acid  ifi  analngous  to  the  formation  of  indican.        * 

If  in  the  employment  of  carbolic  acid  it  be  absorbed,  the  phenolsulphuric  acid  becomes  (^reitly 
increased  in  amount  {.-///wt'n,  Jwi/^f^f/j/f),  so  that  sulphuric  acid  must  be  united  with  it;  bcncc 
alkaline  sulphates  are  decomposed  in  the  body,  so  that  the  latter  may  be  aliseni  from  the  ana< 
{Baumann).  Living  muscle  or  liver,  when  digested  in  a  stream  of  air  for  several  hoars  vith 
blood  to  which  phenol  and  sodic  sulphate  arc  added,  yields  phenoliulpburic  acid;  lilule.  tvkr 
the  same  ctrcumMancei;.  pyrokaiecbin  forms  ethersulphuric  acid. 

Carbolic  Urine. — When  carbolic  acid  is  used  externally  or  intcnullv.  and  it  ts  ahsut^.  <i 
causes  a  dttp,  dorA-to/orfd  urine,  due  to  the  oxitiaiion  of  phenol  into  hydrochinon  (onhobtoiy- 
benzol  =1^  CgllgO,),  which,  for  the  most  part,  appears  in  the  urine  as  cthcrsulphurtc  aad  {8*»- 
mann  and  others]. 

3.  Parakresol,  (hydroxyltoluol,  CiH«0)  with  its  isomers  ortho-  and  mda- 
krcsol  (the  latter  in  traces),  is  more  abundant  in  urine  {^Baumann^  Preusie).  I' 
also  occurs  in  combination  with  sulphuric  acid. 

Test  for  phenol  Und  alsokresol) :  Distil  150  c.c.  urine  with  dilute  sulpliuric  add.  The  dirtiU'U 
gives  a  brown  crystalline  deposit  of  tribromophenol  with  bromine  water,  as  well  as  a  red  color  *<■ 
Millon's  reagent. 

Hydroxylbencol  (pyrokaiecbin,  hydrochinon)  ii  obtained  from  urine,  when  U  is  best 
long  time  with  hydrochloric  acid. 
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Resorcin  which  ts  an  tsnmer  of  hydrochinon.  when  adniinistcred  internally,  also  appears  in  tlie 
ine  as  vthersulphuric  acid.     Toluol  and  napUlhalin  behave  similarly. 

4.  Pyrokatechin  ^=-  C,H(,0.  (meiadihydroxylbenzol)  is  formed  along  wilh 
hydrocliinon  from  phenol,  and  is  an  isomer  of  the  former.  It  behaves  like  indol 
and  phenol,  for  when  united  with  sulphuric  acid,  it  forms  the  pyrokatechin-form- 
jng  substance  {Baumann,  Herter).  Small  quantities  sometimes  occur  in  human 
urine  ;  it  is  more  abundant  in  the  urine  of  children  {Ebstein  and  Miiller)  ;  it 
becomes  darker  when  the  urine  putrefies. 

Perhaps  pyrokatechin  is  formed  in  the  body  from  decomiiosed  carbohydrates,  from  which  Hoppc- 
ler  olitained  it  by  healing  ihcm  with  w^er  under  a  higli  prcsrure,  as  well  as  by  acting  on  them 
kh  alkalies. 

5.  Skatol  CS  35a),  which  is  crystalline,  and  is  formed  during  putrefaction  in 
the  intestine,  also  appears  in  the  urine  as  a  compound  of  sulphuric  acid.  On 
feeding  a  dog  with  skatol,  Rrieger  found  much  potassic  skalol-oxysulphate. 

Teat. — Skatol  compounds  are  recognized  by  adding  dilute  nitric  acid,  which  causes  a   violet 

lor,  or  or  finning  nitric  ncid,  which  precipitates  red  Hakes  {Nemki").  Its  quantity  is  regulated 
by  the  same  conditions  as  indican. 

The  aromatic  oxyacids,  hyJroparacumaric  aeid  and  /taraasypkeuyiacetu  add  (the  former  a 
putrefactive  product  of  flesh,  the  laUer  obtained  by  E  and  H— Salkowski,  from  putrid  albumin), 
occur  in  the  urine  {Baumann,  \  252).  Shake  the  urine  treated  with  a  mineral  acid  with  ether, 
evaporate  the  latter,  and  diKsulvc  the  residue  in  water.  If  aromatic  oxyacids  are  present,  they  give 
a  ted  color  with  Millon's  reagent. 

Bjuimann  gives  the  following  scries  of  bodies,  which  are  formc<l  from  tyrosin  by  dccomftosilion 
and  oaidati'tn  ;  must  of  the  substances  iire  formed  Inilb  during  the  decomposition  of  albumin,  and 
also  in  the  inlestine,  whence  they  pass  into  the  urine:  Tyrosin,  C,H]  ^NOj  -J-  H,  =  C„H,„0, 
fhydroparacumaric  acid)  -f-  NH,.  C^H,oO,  ^  C^Hi^O  fparaethylphenol,  not  yet  proved i  4- 
COj.  C,H,oO  4-  O,  ^  <^.H»Oi  (pamoxypbenylacctic  acid}  i-  I!jO.  C.H.O^,  —  C,EI,0 
(parakresol)  -t-  CO..  C,H,0  -f  O,  =  C-H^O-  (paroxybenioic  acid,  not  yet  proved)  +  H,0. 
C.H.O  =  C.H.O  (phenol)  +  CO,. 

Potassium  aulphocyanide,  derived  from  ibe  saliva,  also  occurs  in  urine.  After  acidulalion 
with  hydrochloric  arid,  its  piesence  may  be  detected  by  the  ferric  chloride  test  ({  146 — GuheiMen 
and  J.  Munk).    One  litre  of  human  urine  contains  0.02  to  o.oS  gramme  combined  with  an  alkali. 

Succinic  acid,  C^H^O^  {^Meistner  and  Shepatd  J,  occurs  cbieHy  after  a  diet  of  flesh  and  fat,  and 
Almost  disappears  after  a  vegetable  diet.     It  is  a  decomposition  product  of  asparagin,  and  therefore 

curs  in  conniderable  amount  in  the  urine  after  eating  a.Hparagus.      It  is  also  a  product  of  the  alco* 

lie  fermentation  (ji  150).  and  as  it  pa»es  out  of  the  body  unchanged,  it  occurs  in  ibe  urine  of 
tho<e  who  imt>il>e  Npiriluou«  liquors.     It  passes  unchanged  into  the  urine  {Ntuhauer). 

Lactic  acid  (C^H^t),)  is  a  constant  constituent  of  urine  [l.thmann,  Hrucke).  Other  observers 
have  found  fermentative  lactic  acid  in  diabetic  urine ;  sarcolactic  acid  after  poisoning  with  phos- 
phorus and  in  trichinosis.  Occasionally  traces  of  volatile  fatty  acids  are  present.  .Some  animal 
^m  occurs  in  urine  (p.  416),  and  iSechamp's  "  Nephrozymoae  "  consists  for  the  most  part  of 
gum  {Lundwehr).  This  suljstance  is  precipitated  from  urine  by  adding  lo  it  three  limes  its  volume 
of  90  per  cent,  alcohol.  It  is  not  a  simple  body,  but  at  60"  to  70*  C.  it  uansforms  starch  into  sugar 
r.  Vintich^au).  * 

Fermeau. — Traces  of  diastatic,  pe^itic,  tryptic,  and  rennet  fcrinent  have  been  found,  especially 

linnc  of  high  specific  gravity. 

Traces  of  sugar  {BrUcke,  Hence  Jonei\  lo  the  amount  of  0.05  lo  col  per  cenL,  and  less,  occur 
n  normal  urine.  After  the  ingestion  of  milk-,  cane-,  or  grape  sugar  (50  gnns.)  these  varieties  of 
mgsr  appear  in  small  quantity  m  the  urine  i  Worm  MiilUr—  \  267,  7). 

Kr^tophanic  acid  (C^H^NOj),  according  to  Thudichum,  occurs  as  a  free  acid  in  urine,  but 
Landuchr  rcgartU  it  as  an  animal  gum. 

Aceton  (C,H,0)  Li  formed  when  normal  urine  is  oxidised  with  potassic  bichromate  and  suU 

uric  acid,  and  it  is  formed  from  a  reducing  substance  present  in  normal  urme  (apparently  derived 

m  the  grape  sugar  of  the  blood),  Aceton  occurs  in  traces  as  a  normal  urinary  constituent, 
vhich  is  increased  during  increased  decomposition  of  the  tissues, /..(*.,  carcinoma,  inanition.  It 
also  been  found  in  the  blood  in  fever  {x:  Jackseh),     Test. — .Acidulate  half  a  litre  of  urine 

th  ACI  anil  disiil ;  when  treated  with  tincture  of  iodine  and  ammonia  there  is  a  turbidity  due  to 
oform . 

II.  THE  INORGANIC  CONSTITUENTS  OF  THE  URINE.— 

The  inorganic  constituents  are  either  taken  into  the  body  as  such  with  the   food 

ind  (>ass  ofiT  unchanged  in  the  urine,  or  they  are  formed  in  the  body  owing  to  the 

dphur  and  phosphorus  of  the  food  being  oxidized  and  the  products  uniting  with 
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bases  to  form  salt.     The  quantity  of  salts  excreted  daily  in  the  urine  is  9  to  15 
grammes  [^^^  to  3^  02.]. 

1,  Sodic  chloride — tv  tlic  amount  of  12  do  to  13)  grammes  [iSo  grains]- 
is  excreted  daily.  It  is  increased,  after  a  meal,  by  muscular  exercise,  drinking 
of  water,  and  generally,  when  the  fjuantity  of  urme  is  increased,  by  the  free  i:« 
of  large  quantities  of  common  s.-i!t,  but  by  potash  salts  also  ;  while  it  is  dimin 
ished  under  the  opposite  conditions. 

In  disease  it  i«  ^''c'^l'y  diminished  ;  in  pneumonia  ami  olh«r  inflammations  accompimrtl  I* 
cffu-iinns,  in  continued  fliarrhiea  and  profuse  sweating,  confrtantly  in  alliuminuria  and  10  iim[r>irt 
[In  ca&cs  of  pneumonia,  sodic  chloride  may.  at  a  cenain  stage,  almost  disappear  from  the  nni.c. :  ,1 
it  IB  a  good  sign  when  Ihc  chioriJcs  begin  lo  reappear.]  In  other  chronic  diwases.  (he  am.  1  n: 
NaCl  excreted  mm  nearly  parallel  H'llh  the  amount  of  urine  paiscd.  In  conditions  of  excit 
the  amount  of  sodic  chloride  is  diminished,  aod  poUsatc  chloride  increased ;  in  condiiioctt  of  de 
presMon  the  reverse  is  the  case  yZ^uUfr). 

Teit. — Add  to  the  urine  nitric  acid  and  then  nitrate  of  silver  solution,  which  give*  a  while,  ctud) 
precipitate  of  chloride  uf  silver.     In  albuminous  urine  the  albumin  must  tirst  be  rcmovetl.     .1/1 
uapUaUy  look  for  the  step  like  forms  of  the  common  wit,  and  also  for  the  crystals  of  su«lic  ciiluiiut 
urea  (5  256,  4). 

2.  Phosphoric  acid  occurs  in  urine  as  acid  sodic  phosphate  and  acid 
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(1,  SpennatooM ;  f ,  amorphous  cattic  CArlmnAte  :  h,  crysullinc  aafoctic  phosphate. 

calcic  and  magncsic  phosphates  (Fig.  248,  h)^  to  the  amount  of  alwui  : 
grammes  daily  [30  grains],  l)ut  it  is  more  abundant  after  a  flesh  than  after  a  vci!c 
table  diet.     The  amount  increases  after  a  mid-day  meal  until  evening,  and  bH' 
during  night  until  next  day  at  noon.     It  is  partly  derived  from  the  alkaline  and 
earthy  phosphates  of  the  food,  and  U  is  partly  a  decomposition  product  of  lecilh^* 
and  nuclein.     As  phosphorus  is  an  important  constituent  of  the  nervous  systc***' 
the  relative  increase  of  phosphoric  acid  is  due  to  increased   metabolism  of  tir* 
nervous  substance. 

Pathological. — In  fevers, the  increased  excretion  of  ^otassic  phosphate  is  doe  to  a  consomptiftf*  " 
blooil  and  muscle  \\  220.  3).     It  is  also  increased  in  inflammatioa  of  the  brain,  softening  of   «►* 
bones,  diabetes,  and  oxaluria:  and  after  the  administration  of  lactic  acid,  morphia,  chkiral,  or  eh' 
form.     It  is  diminished  during  pregnancy,  owing  to  the  formation  of  the  fnptal  bone*;  eIm  ; 
the  use  of  ether  and  alcohol,  and  in  inRammalion  of  the  kiilney. 

Test.— Earthy  phosphates  are  precipitated  by  heat.     This  precipitate 

distinguished  from  albumin,  which  is  also  precipitated  by  heat,  by  being  solti'K^'*] 
in  nitric  acid,  which  precipitated  albumin  is  not.  [The  earthy  phosphates  ^Jjjj 
not  precipitated  until  near  the  boiling  point.] 
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lantltative. — The  atn9t4nt  of  phosphoric  acid  U  estimated  by  Iriution  with  a  standard  sofution 
of  ttrautum  liitSate  :  ferr\>cyA\HiJf  nf  potanium  being  the  injit  ntor.  The  inilic-itor  gives  a  brown- 
ishrocl  colur  when  (here  is  an  excess  of  free  uranium  acetate. 

In  uidiiion  in  phosphoric  acid,  phu»phorus  occurs  in  nn  incompletely  oxidued  form  iit  the  urine, 

I. g.. gtyurinphfliphoric  mid  (^  251,  2)  ySotuit^schciviky)^  which  occurs  lo  the  amount  of  15  milli- 
■rnrnmes  in  a  litre  of  urine,  is  increased  in  nervous  dbcascs  {Lipini\j  and  after  chloroform  fuu-oofeb 
3.  Sulphuric  acid  occurs  in  the  urine,  the  greater  part  in  combination  with 
he  aikalies,  and  the  remainder  united  with  indol,  skatol,  and  pyrokatechin,  in  the 
form  of  aromatic  ethersulphuric  (optipounds  {^Boumann)^  the  ratio  being  i  ;  o  1045. 
All  conditions  which  favor  the  fortnation  of  indol,  skatol.  or  pyrokatc<  bin,  in- 
crease the  amount  of  combined  sulphuric  acid.  The  total  daily  amount  of  sul* 
phuric  acid  is  2.5  to  3.5  prammes  [37  to  52  grains].  It  is  increased  by  the 
administration  of  sulphur  {Krause).  The  sulphuric  acid  is  chiefly  derived  from 
the  decomposition  of  proteids,  and  hence  its  amount  runs  parallel  with  the  amount 
of  urea  excreted.  The  amoimt  of  alkaline  sulphates  in  the  food  is,  as  a  rule,  very 
small. 

An  increased  excretion  of  sulphuric  aci<l  in  fever*  indicates  an  increased  metaliolism  of  the 
ti*6Ucs  of  the  body.  In  renal  inflammation  it  has  t>ecn  observed  to  be  diminished,  and  in  eczema 
it  i«gTeaiIy  increa&ed.  Feeding  wnth  lanrin  (which  contains  sulphur),  in  the  case  of  rabbits  (but 
not  in  camivora  nor  man),  increases  the  sulphuric  acid  in  the  urine  {Snlkartiski's.  According  to 
ZQljccr,  ft  copious  secretion  of  bile  lessens  the  relative  amount  of  sulphuric  acid  in  the  urine. 

Teal. — Barium  chloride  gives  a  copioas,  white,  heavy  precipitate  of  barium  sulphate,  insoluble  in 
nitric  acid. 

In  addition  to  sulphuric  ac'd.  sulphur  (J)  occurs  in  an  incompletely  oxidized  form  in  the  urine 
(poia.*>sium  sulphocvanide,  sulphurous  acid,  cystin.and  snlphurltcaring  comixmud-s  derived  from  the 
bile — A'unktl.v.  lot/ — J  177,6).  Hypomlphuroui  ociri.Tis  an  alkaline  sail,  is  an  ii^norma/ con- 
stitucnt  in  lyplius;  and  so  is  sulphuretted  hydrogen,  which  is  reci^nvzed  by  the  blackening  of  a 
piece  of  jafjcr  moistened  with  lead  acetate  and  ammonia  held  over  the  urine. 

4.  Excessively  minute  traces  of  silicic  acid  and  nitric  acid  derived  from  dTin1<in^  water  have 
been  found  in  urine.  Organic  acids,  e.t^.^  citric  and  tartaric,  when  taken  internally,  increase  the 
amount  of  iarbonalfs  in  the  urine.     The  nrine  may  efl"ervesce  on  the  addition  of  an  acid. 

^_     The  sodium  in  the  urine  is  chiefly  combined  with  chlorine,  but  a  small  part  of 
Hk  is  united  with  phosphoric  and  uric  acids  ;  potassium  (which  is  about  ]/^  of  the 
^Bodium)  is  chiefly  combined  with  chlorine.   In  fevL-rs  more  potash  is  excreted  than 
^■KM^a,  and  during  convalescence,  the  reverse  is  the  case  ;  calcium  and  magne- 
^^ium  exist  in  normal  acid  urine  as  chlorides  or  acid  phosphates.     If  the  urine  is 
neutral,  neutral  calcium  phosphate  and  magnesitim  phosphate  are  precipitated. 
»Ebstein  found  the  latter  in  alkaline  urine  as  large,  clear,  four-sided  prisms  in  diseases 
fof  the  stomach.     If  the  urine   is  alkaline,  calcium  carbonate  fKig.  248,  c)  or 
Iribasic  calcic  phosphate  are  deposited  as  such,  while  the  magnesium  is  precipitated 
in  the  form  of  ammonio-magnesium  phosphate,  or  triple  phosphate.  The  calcium 
bi  derived   from   the   food,  and  deptnds  upon  the  amount  of  lime  salts  absorbed 
from  the  intestine.     Free  ammonia  is  said  to  occur  (0.72  gramme,  or  7  grains 
daily)  in  perfectly  fresh  urine  {Neitbau€r  and  Brucke)^  and  the  amoimt  is  greater 
with  an  animal  than  with  a  vegetable  diet  {Corathh}-     The  amount  of  fixed  am- 
monia is  increased  by  the  administration  of  mineral  acids  (  IValtfr,  Sihmiftifherg^ 
GSfhgrm).      Iron  ( i  to  11  milligrammes  per  litre)  is  never  absent.     There  is  a 
trace  of  hydric-pcroxide  {Schonftein)^  which  is  detected  by  its  decolorizing 
indigo  solution  on  the  addition  of  iron  sulphate. 

Qmaes. — 24.4  c.c.  of  gas  was  obtained  from  one  litre  of  urine — loo  volumes  of  the  gases  pumped 
out  consiuetl  of  6540  vol.  CO,,  2.74  O,  13  S6  N.  After  severe  muscular  action,  the  amount  of 
CD,  may  he  doubled;  digestion  also  increases  it. 

363.    SPONTANEOUS  CHANGES   IN   URINE— FERMENTA- 
.TIONS. — Acid  Fermentation. — When  ix-rfectly  fresh  urine  is  set  aside  in  a 
lol  place,  it  gradually  becomes  more  acid  from  day  to  day.     This  is  called  the 
acid  fermentation."     It  seems  to  be  due  to  the  development  of  special  fungi 
[Fig.  249,  (/},  and  the  process  is  accompanied  by  the  deposition  of  uric  acid  {c)t 


444 


ACID   FERMENTATION   OF   URINE. 


acid  sodium  uraUy  in  amorphous  grains  T^),  and  calcium  oxalate  (if).  According 
to  Scherer,  the  fungus  and  the  mucus  from  the  bladder  decompose  i»art  of  the 
urinary  pigment  into  lactic  and  acetic  acids.  The  latter  sets  free  uric  acid  Uvn 
neutral  sodium  urate,  so  that  free  uric  acid  and  sodium  urate  must  be  formed. 
Buiyric  2S\A  formic  acids  have  been  found  as  abnormal  decomjiosition  produtisof 
other  urinary  constituents.    When  the  acid  fermentation  begins,  the  urine  absorbs 
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oxygen  {Pasttur).  According  to  Brllcke,  it  is  the  lactic  acid  formed  from  !hf 
minute  traces  of  sugar  present  in  urine,  which  causes  the  acidity.  According 'o 
Rohmann,  who  recognizes  the  acid  fermentation  as  an  exceptional  phenoincnoB. 
the  acids  are  formed  from  the  decomposition  of  stigar,  and  from  alcohol  which 
may  be  present  accidentally.  While  the  urine  is  still  acid,  it  becomes  turbid  *fl^ 
contains  nitrous  acid,  whose  source  is  entirely  unknown.     According  tor-  Voii 
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od  Hofmann,  phosphoric  acid  and  a  basic  salt  arc  formed  from  acid  sodium 
ihosphate,  whereby  part  of  the  uric  acid  is  displaced  from  sodium  urate,  thus 
ausing  the  formation  of  an  acid  urate. 

Alkaline  Fermentation. — When  urine  is  exposed  for  a  still  longer  time, 
aorc  esfjecially  in  a  w.irm  plare,  it  becomes  neutral  and  ultimately  ammoniacal, 
it.t  it  undergoes  the  alkaline  fermentation  (Fig.  350). 

'Fhis  condition  is  accompanied  by  the  formation  of  the  micrococcus  urece 
J^as/rur,  Cohn)  and  Itacterium  ureK  (Fig.  251),  which  cause  the  urea  to  take  up 
rater,  and  decompose  into  CO,  and  ammonia. 

Urea  [C0(HN,;,]2(H,0)  =  ammonium  carbonate  [(NH,),CO,]. 

The  property  of  decomposing  urea  b«lonpsto  many  different  kinds  of  bacteria,  including  even  ihe 
trcjoa  of  ihe  tun^K — whose  genn»  seem  to  be  universally  diffused  to  the  air.  These  organisms  pro- 
luce  a  soluble  fennent  (  Muxcuftn),  which,  however,  only  passes  from  the  body  of  the  cells  into 
ne  Buid  after  the  cell  or  orgnnism  hju  been  killed  by  alcohol  [Sheridan  Lea). 

The  presence  of  ammonia  causes  the  urine  to  become  turbid,  and  those  sub* 
tances  which  are  insoluble  in  an  alkahne  urine  are  precipitated — earthy  phos- 
)hatcs,  consisting  of  the  amorphous  calcic  phosphate,  acid  ammonium 
irate  (Fig.  25a,  a)  in  the  form  of  small,  dark  granules  covered  with  spints  ;  and, 
astly,  the  large,  clear,  knife-rest  or  "coftin-lid  "  form  of  ammonio  magnesic 
)hosphate,  ur  triple  phosphate  (Fig.  252).  [The  last  substance  does  not 
xist  as  such  in  nuruial  urme,  but  it  is  formed  when  ammonia  is  set  free  by  the 
lecom|>ositiun  of  urea,  the  ammonia  uniting  with  the  magnesium  phosphate.  Its 
nescnce,  therefore,  always  indicates  ammoniacal  fermentation  of  the  urine.]  In 
rases  of  catarrh  or  inflammation  of  the  bladder,  this  decomposition  may 
take  ])Iace  within  the  bladder,  when  the  urme  always  contains  pus  cells  (Fig.  251, 
J)  and  detached  epithelium  {a).  When  much  pus  is  present,  the  urine  contains 
ilbumin.  Ammoniacal  urine  forms  white  fumes  of  ammonium  chloride,  when  a 
elass  rod  dipped  in  hydrochloric  acid  is  brought  near  it. 

[St^ificance  of  Triple  Phosphate. — If  urine  be  alkaline  when  it  is  passed,  and  the  alkalinity 
!<  due  to  a  vvtaiile  ii/Jtu/i.  i.  e.,  tu  Nil ,.  then  decomposition  of  the  urine  has  taken  place,  and  this 
Lincl  of  urine  is  a  sure  sigii  that  there  is  disease  of  the  gcnito-urinary  mucous  membrane.] 

[When  ammonia  is  added  to  normal  urine,  triple  phosphate  is  precipitated  in  a 
mU/trry-  form.] 

'264.  ALBUMIN  IN  URINE  (ALBUMINURIA).— Serum  albumin 

is  the  most  important  abnormal  constituent  in  urine  which  engages  the  attention 
of  the  physician.  It  is  the  albumin  which  occurs  in  blood  (§  32),  and  whose 
characters  are  described  in  §  249. 

Causes  of  Albuminuria. — 1.  Senim  albumin  maj-  appe.ir  in  nrine  without  any  apparent  ana- 
tomical or  structural  change  of  the  renal  tissues.  Tim  condition  has  been  called  by  v.  Hamberger 
**H*tmii{tv^enous  albuminuria.^*  It  occurs  but  rarely,  however,  and  somelimes  in  healthy  individu- 
saU  when  there  is  an  exccM  of  albumin  in  the  blood  pl.-utna  [e.,^.,  after  suppression  of  the  secre- 
tkm  of  milk ),  aud  after  too  free  use  of  albuminous  food.  i.  As  a  result  of  incrfaird  bfood pressure 
ia  the  renal  vessels,  e.:^.,  after  copious  drinking.  It  may  be  temporary,  or  it  may  be  persiMent,  as  in 
case*  "f  congestion  iQ\\QVi\Tig  Mearf  dts/aie,  emphysema,  chronic  pleural  efTusions,  inhllraiions  of  the 
lurkgt.  and  afiercomprciiiiionof  the  chcAt,  causing  congestion  in  the  pulmonary  circuii,  which  extendi 
c«cn  iolo  the  renal  vein*  {Sihreihrr),  etc.  3.  After  section  or  paralysis  of  the  ifaiomotor  nerxri  of 
ibe  kidneys,  which  cauMs  great  congestion  of  these  organs.  The  albuminuria,  which  .iccompanies 
interue  and  long-continued  aUlominal  pain,  is  brought  alnnit  owing  to  a  rcBcx  paralysis  of  the  renal 
vearU  ( /VjrAr/).  4.  After  violent  muKutar  exerci.M:.  [Senator  found  that  forced  marches  in  young 
ncruits  were  very  frequently  followed  by  the  appearance  of  albumin  in  the  urine,  which  persisted 
for  several  days.}  C'cnvulsive  disurderi,  e./^.,  epilepsy,  the  spasms  of  dyspnuea  after  strychnin  poi- 
soning {//N//ert);  in  ^lock  of  the  brain,  apoplexy,  spinal  paralysis,  and  violent  emotions;  the 
txceiaive  tue  of  morphia,  which,  perhaps,  acts  on  the  vauimotor  centres.  5.  It  may  accompany 
pnany  acute  febrile  <lifeea$es,  rj,*.,  ihe  exanthemata  (scarlet  fever],  typhus,  pneumonia  and  pynmia. 
In  these  cases  it  may  be  due  to  the  increase  of  temperature  paralyzing  the  vessels,  but  more  prob- 
atdy  the  secretory  apparatus  of  the  kidney  is  so  changed  {e.g^.,  cloudy  swelling  of  the  renat  eptlhe- 
liumj  thai  the  albumin  can  pass  through  the  renal  membranes.  6.  Certain  degenerations  and 
of  Ihe  kidneys  at  several  of  their  stages.    7.  InfUmmalioD  or  suppuration  in  the  ureter 
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or  Drinary  passages.  8.  Certain  chemical  subsunces  which  irritate  ihe  renal  parenchynu,  /.f^ 
catitharidcs,  carbolic  acid.  9.  TIic  complete  withdrawal  of  common  tall  (rom  the  food.  The  iltw 
mill  disappears  when  the  common  sail  is  given  again  ( IVunJi,  E.  Rmmikal),  10.  "XXix tfttkrimm 
may  be  in  fuch  a  condiiion  that  it  eannot  retain  (he  albumin  witAt'n  the  Vtrsieli,  due  to  impcrlita 
nourishment  and  functional  wcaknc&s  of  the  >ecretory  elements.  Tins  includes  the  albuminsm  of 
Uchiemia,  and  that  atter  hemurrhagc  yQuinfif),  in  anrrmia.  scorbutus,  iclcru&,  diabetc*. 

[Uesides  being  derived  from  the  secreting  parenchyma  of  the  kidney,  albumin  maybedenred 
by  admixture  with  the  secretions  from  any  part  of  the  urinary  tract,  including  the  vagina  ul 
uterus  in  the  frmale.  In  some  cases  the  transudation  of  albumin  is  fa\ored  by  changes  in  (be 
capilhry  walls,  the  albumin  being  forced  through  by  the  intravascular  pressure.  Sometimei  ilba 
nnnuria  occurs  during  the  course  of  severe  typhoid  fever,  and  in  acute  fevers  generally  where  Uie 
temperature  is  persistently  abme  40°  C.  (104°  F.).  The  high  temperature  alters  the  tiUenng  ncD- 
branc  and  permits  (he  tiltration  of  albumin.] 

[Physiological  Albuminuria. — This  term  has  been  applied  lo  that  condition  of  the  urine  wlie* 
traces  of  albumin  arc  found  in  individuals  appartntty  in  perfect  health.  Johnson  sikI  l^arf  dR 
such  cases,  while  I'ositcr  asserts  that  all  urines-even  healthy  urine — contains  traces  of  protridt, 
whose  [iresence  is  ascertained  after  concentrating  the  urine.  It  ts  safe  to  assume  that  normsl  imae 
should  give  no  reaction  for  albumin.] 

The  tests  for  albumin  in  urine  depend  upon  the  fact  that  it  is  precipitated 
by  various  reagents. 

[(u)  Heller's  Test.— Place  10  c.c.  of  the  urine  in  a  lest  gloss,  and  pour  in  pure  colorless  HNO| 
so  as  to  run  down  the  side  of  the  glass,  furming  a  layer  beneath  the  urine.  A  white  fooeol 
coagulated  aHiumm  indicates  the  presence  of  albumin.  In  this  (est  it  is  imputiant  to  wail  a  oania 
time  lor  the  development  ol  the  reaction.  In  urines  of  high  s[>ecitic  gravity,  a  h.i/inc&s  doc  ki4/ii 
uratei  may  be  fnrmed  above,  where  the  iwu  fluids  meet,  but  its  upi^ier  edge  ts  not  ctrcumsaiM. 
The  acid  decomposes  the  neutral  urates  and  fomis  a  more  insoluble  .icid  salt.  This  cloud  oi  add 
urates  is  readily  dissolved  by  heat,  while  the  albumin  is  not ;  the  latter  is  always  a  sharf^y-dcAae^ 
zone  between  the  two  fluids.  In  very  cunccolratcd  urine  (rarei,  nitric  acid  may  gradi. ally  precipttitt 
erystaiiinf  urea  nitrate.  In  patients  takitig  copaiba,  nilhc  acid,  by  acting  on  the  resin,  ciaaesi 
slight  milkincss.] 

{[b)  Boiling  and  Nitric  Acid.— Place  10  c.c.  of  urine  in  a  test  tube  aitd  UmI.  If  albDmin  ta 
present  in  small  viuariiity,  a  faint  ha^mess,  which  may  be  detected  in  a  proper  light,  wiO  Ix 
produced.  Add  10  or  12  drops  of  MNUj.  If  the  turbidity  di5apf}ears  il  is  due  lo  pboiplilia^ 
wliile  if  any  remains  it  is  due  tu  albumin.  If  albumin  be  present  in  large  quantity,  a  copost 
whitish  coagulum  is  obtaine<l.  j 

[/*rrtii«/('i»/;j. — ia)  In  all  cases,  if  the  urine  be  lurbid,  fdler  it  before  applying  any  lesL  (i) 
Hffw  to  i?yf/.— Boil  ihe  upper  strata  of  the  liquid,  and  take  care,  if  any  coofiulum  be  lurTned.lhM 
it  does  tK>t  adhere  lo  the  side  of  the  tulie,  elfte  the  tube  is  liable  to  break.  ^(-|  In  performinf;  tiib 
test  with  a  nciitml  solution,  note  when  tlic  precipitate  falls,  for  albumin  is  precipitated  oboulTt^ 
C,  phosphates  not  till  atwut  the  boiling  point,  {d)  Amount  of  AciU.~~\i  too  liule  («  or  3  dn^) 
HNl  >j  l>e  addtil,  or  too  much  1 30  or  40  drops),  we  may  fad  to  detect  albumin,  although  presrHLj 

(f)  Perrocyanide  Test. — By  the  addition  \j{  acetic  acit/suxii  potauium  fcrrcixaniUr  [It  ill* 
uiin  be  present,  a  while  Hocculent  precipitate  bcparotes  in  the  cold.  Dr.  Tavy  has  ioirvduccd  pel- 
lets, con^biing  of  a  mikturt?  of  citric  acid  and  soclic  ferrocyanide.  All  that  is  retpiired  tstotiU 
a  [*cUct  to  the  suspected  urine.  Oliver's  papers. — Dr.  Oliver  uses  pupen,  one  saturated  »«li 
citric  acid  and  another  with  ferrocyanide  of  potassium.  The  two  papers  are  added  10  the  clor 
filtered  urine.  Other  prectpitants  of  albumin,  such  as  small  pieces  of  paper  impregnated  *illi 
potassio-mercuric  iodide,  arc  used  by  Oliver.] 

{J)  By  boiling;  Acid  Urine. —  If  the  unne  be  alkaline,  although  albumin  may  be  prant,! 
is  not  precipitated  by  heal  alone.  We  re<|uire  lo  add  Acetic  add  until  a  slightly  acid  rcMCioa  >■ 
obtained. 

Boiling  may  give  a  precipitate  of  earthy  phosphates  in  on  alkaline  urine,  owing  10  the  C(>, 
being  driven  off.  This  precipitate  might  be  mistaken  for  albumin,  tmt  on  adilmg  acetic  or  Diinc 
acid,  the  earthy  precipitate  is  dissolved,  while  the  precipitate  of  albumin  is  aot  disvjlved.  In  ^' 
ing  far  albunun,  als^ays  use  dear  urine.     If  it  isiurbid^  hlter  it. 

[(e)  Metaphoaphoric  acid  is  dissolved  in  water  just  before  it  is  to  lie  used  and  added  to  dor 
Mx'int  {//in<itn/iing).  Graham  j.«inted  out  that  nielaphospboric  acid  precipitated  alouroin  A' 
per  cent,  solution  of  the  ordinary  glacial  phosphoric  acid  1.1  a  good  le^t  for  nibumin,  but  it  alai  fe- 
ctpiiatcs  (Kptones.  It,  however,  changes  into  ordinary  phosphnnc  acid  by  keeping,  and  tlMSK^ 
longer  piect|ji(a(ei  albumin.] 

[(/)  Acidulate  10  c.c.  of  urine  with  acetic  acid,  and  add  %  of  its  volume  of  a  coocestr^ 
solution  of  sulphate  of  soda  or  inagne%ia.  On  healing,  if  albumin  be  present,  a  distinct  ckMiAi^ 
is  obtained] 

[{g)  In  picric  acid,  according  to  Dr.  Johnson,  we  have  a  more  delicate  te^  fnrmiaatein^ 
of  albumin  than  either  heal  ur  mine  aad,  or  than  both  these  irsts  oomlnned.  It  u  lued  cUbCf^ 
the  form  of  crystals  or  powder,  or  as  a  saturaicti  aqueous  solution,     lake  a  four-inch  cobni" 
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urine  in  •  ie«t  tube,  hold  ihe  tub«  in  a  slanting  rlireclion,  and  pour  on  inch  of  the  picric  acid  solu- 
tion on  ihe  surface  of  the  urine,  where,  in  consequence  of  its  low  specific  ^lily  (1005),  it  muces 
only  with  the  upper  layer  of  the  urine.  It  coat^ulalea  any  albumin  pre«cnl.  The  prccipiuic  occurs 
Rt  once.  And  is  incre^ised  by  heat,  while  the  urate  of  Mxla,  which  is  sometimes  precipiiaictl,  is 
tolubte  on  heatin}>.] 

[Dr.  Roberts  legaids  any  test  for  albumin  which  requires  strong  acidulalion  wKh  an  orgamie  acid, 
cilnc,  .icctic  or  lactic,  ns  unsaiisfacior^-,  since  it  precipitates  mucin.  For  this  reason  he  rejecti  the 
luugstiue,  mercuric  iodide,  and  poiassic  ferrocyanide  tests.  L>r.  Kobens  regards  the  heat  test,  with 
the  addition  of  a  small  dclinitc  quantity  of  acetic  acid,  as  the  ttest  test  fur  the  detection  of  snull 
quamitics  nt  albumin.] 

I  ■  Quantitative  Estimation  of  albumin. — icx>  c.c.  of  urine  are  boiled  in  a  capsule,  some 
acetic  Jcid  being  ultimately  added,  whereby  the  albumin  \f,  precipitated  in  tiakes.  The  precipitate 
is  collected  nn  a  weighed,  dried  (1  lo°),  and  a*h  free  filler,  and  rejiealedly  washed  with  hot  water, 
then  with  alcohol,  and  completely  dried  in  an  air  bath  at  110°.  Lastly,  ()ie  dried  lilier  with  the 
atbuniin  is  Vmrned  in  a  weighed  platinum  capsule,  and  the  weight  of  the  ash  also  deducted  from  it. 
[This  method  ts  not  avaitabTe  for  the  buiiy  practitioner  on  account  of  the  time  it  takes,  rraciically, 
it  is  sutlicicnt  to  compare  from  day  to  day  the  proportion  that  the  precipitated  albumin  bears  to  Ihe 
buJk  (>\  the  urine  teMed,  A  ^ra<luated  tube  may  Ik  used,  *!0  that  after  the  pfecipiiaie  has  subsided 
the  ph>sician  may  sec  whether  it  occupies  one-fourth  or  unetenth  of  the  fluid,  as  the  case  may  be.] 

3.  Globulin  occurs  only  in  alhuminoas  urine  [Sntator,  Ediefien),  ami  i!«  frequently  present.  Its 
presence  i>  ascertained  l^  atldmg  pi>wdcred  macnesium  sulphate  in  exctss  lu  the  urine;  when  it 
ts  present  it  is  precipitated  ({{  32).  The  more  globulin  there  is  in  Ihe  presence  of  albumin,  the 
more  diHiculi  it  is  lo  precipitate  it.  [Sometimeii,  when  an  albuminous  urine  \s  dtup|>ed  into  a  large 
cylinder  of  water,  each  drop  as  it  siiiks  is  followed  by  a  milky  train,  and  when  a  sufTiciem  number 
of  drops  has  been  added,  the  water  becomes  opalescent,  the  opalescence  disapfiearing  on  adding  an 
acid.  The  globulin  is  kept  in  solution  by  common  salt  and  other  neutral  sails,  but  when  these  are  ■ 
Itrgcty  «liluici],  the  globulin  is  precipitated  (AV^^r/ii.] 

J.  Peptone  \v.  fmicAs,  /8^f)  occurs  in  some  specimens  of  albuminous  urine,  but  also  in  non- 
albumiitous  urine  {Gerhanii^.  >faixner  found  it  constantly  in  the  urine  in  all  coses  where  suppu- 
ration is  present, r^.,  in  exudations,  abscesse^,leiolutiun  of  pneumonia, and  in  articular  rheumatism, 
when  the  attack  is  passing  oil  [v.  Jntuh).  re[itnne  occurs  in  pus,  and  the  peptonuria  in  these 
cases  is  a  sign  of  the  breaking  up  of  the  ]]us  cells  i^J/c/nteisfer).  Also  when  many  leucocytes  are 
broken  up  in  the  bUKKl,  or  when  large  quantities  of  peptone  are  absotbed  fiom  the  intestinal  canal. 
It  is  frequently  found  after  childbirth. 

Test. — Separate  the  albumin  by  boiling  and  the  addition  of  acetic  acid.  Treat  the  filtrate  with 
three  volumes  of  alcohol ;  this  precipitates  the  peptone,  which,  when  dissolved  in  water,  gives  the 
charactcnslic  reactions  for  peptone  {\  16&,  I). 

4.  Propeptone  occurs  vet;  rarely  In  osteomalacia  and  intestinal  tuberculosis (,1/d.;*-nAr<twr/.^<w<^ 
'fHri).     The  urine  is  treated  to  saturation  with  NaCl  and  a  large  cjuantity  of  acetic  acid  added,  and 

filieretl  while  hot,  to  separate  the  albumin  and  globulin.  In  the  cold  filtrate  propeptone  forms  a 
lurt^idity.  which  is  redissolvcd  by  heat.  The  precipitate  thrown  down  by  HCl  and  UNO,  is  soluble 
by  heat  \A'u/iHe).  The  precipiiote  is  isolated  by  filtration,  and  dissolved  in  a  little  warm  water, 
when  it  gives  with  I  (NO,  a  yellow  rcactmn;  like  peptone,  the  solution  gives  the  biuret  reaction. 

5.  Egg  alburnin  appears  in  the  urine  when  much  egg  albumni  ta  taken  in  the  food,  and  also 
when  it  is  injected  into  the  blood  vessels  {\  193,  4}.  According  to  Semmola,  the  albumin  present 
in  Ihe  urine  in  Bright's  disease  has  undergone  a  molecular  change  (similar  to  egg  albumin},  and 
hence  it  is  excreted. 

6.  Mucus  is  present  in  large  amount,  especially  in  catarrh  of  the  bladder.     It  contains  numerous 
ucus  Corpuscles,  which  are  scarcely  dlirfinguishable  from  pus  corpuscles.     They  contain  albumin, 

so  that  urinr  containing  much  mucuR  is  albuminous;  mucin  u  not  precipitated  tty  heat,  but  acetic 
acid  gives  a  Huccutent  precipitate  in  clear  urine.  [Minute  traces  of  mucin  occur  normally  in  urine. 
If  clear,  normal  urme  be  set  ai.ide  for  a  short  time,  a  tlocculenl  hajiiness,  like  a  cloud  of  cotton  wool. 
Is  seen  Hnaling  in  the  urine.  This  is  mucus  entangling  a  few  epithelial  cells  from  the  genitourinary 
Mucin  Reaction. — According  to  W.  Roberts,  the  addition  of  a  concentrated  solution  of 
tnc  acid  to  urine,  as  in  Heller's  test  ({  264,  o),  where  the  two  fluids  meet,  cau^et  an  opalescent 
sooe  gradually  to  l>e  formed  above  the  layer  of  acid.  J 
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a65.   BLOOD    IN    URINE  (H«MATUR1A)-HAM0GL0BINURIA.-I.  Source 

of  the  Blood.  — (]  I  In  bzmaturia,  the  blood  may  come  from  any  pan  of  the  urinary  apparatus. 

In  heniurrliagc  from  the  kidney,  the  amuunt  of  blood  is  usually  ^aiall  and  well  mixed  with  the 

le.     The  presence  of  "blood  cylinders,"  long,  microscopic  blood  coagula,  casts  of  the  uriniferous 

washed  out  nf  ihem  by  the  urine,  arc  characteristic  when  they  are  found  in  the  urine  (Fig. 

>3).     The  urine  usually  has  a  smoky  appearance.      [The  urine  slowly  diuolves  out  the  coloring 

latter,  the  stroma  of  the  corpuscles  after  a  time  being  deposited  as  3  brownish  sediment.     The 

iky  hue  occurs  only  in  acid  urine;  if  Ihe  urine  becomes  alkaline, the  hoc  becomes  brighter  red.] 

le  blood  C(XpuM:lcs  show  peculiar  chang&t  of  furiii  [they  become  crenaledj  |Fig.  253),  and  exhibit 

lence  of  division,  due  to  the  action  of  urea  on  them  {\  5).     Large  coagula  are  never  found  in 


Shrlvcted  blood  corpuulex  in  urine  ^catarrh  of  the  bladder),  with  niuneroua  lymph  corpuscles, 
and  crvitsU  o(  triple  phosphate,  .<  350. 


H 


the 


amoglobinuria  U  quit«  Histinct  from  hxmaturia.     It  depends  U(>an  the  excreliun  of 
lobin  as  sach  through  the  kidneys,  and  it  is  produced  when  hemoglobin  occurs  free 
blood  ves^U,  as  in  cases  where  the  colored  blood  corpu&clea  have  been  dissolved  inside 
vesseU  (hfcmocyiolysisi.     It  occurs  when  foreign  bloott  is  transfused, /.r.,  when  lamb's 
transfused  into  man.    The  foreign  blood  corpuscles  arc  dissolved  in  tnc  blood  of  the 
nt,  and  the  haemc^lobin  appears  in  the  urine  (|  102).     In  addition,  microscopic  "cylinders," 
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consisting  of  a  glohulin.Iik^  body  tinged  yellow  with  hxmoglobtn,  may  Hkewiae  be  feuod  in  die 
urine.  It  also  occun  in  cases  of  severe  burns  (^  10,3);  after  decumposiiion  of  the  blood  iayyiam, 
scorbutus,  purpura,  severe  typhus,  after  respiring  arieniuretted  hydrogen,  and  aficr  ihepMn|CB( 
arobenzol  {Baumann  anii  //rrter)^  nf  naphlnl  (Kaposi),  pyrogallic  acid,  potasstc  chlorate*  CllJcaL 
phosphorus,  or  carbolic  acid  into  the  circulation.  [The  injcclion  of  laky  bluod,  w«er,  etkcr. 
glycerine  (.'Vtffrtf),  or  toluylendinmin  (y^/dWrfutWi').  also  caused  it,  and  in  such  cases  AfanaiM* 
a»iens  that  the  Mb  paues  out  through  the  glomeruli,  white  brown  degeneration  producia  of  therel 
blood  corpuscles,  which  arc  dissolved  by  these  agents,  were  found  in  the  convoluted  lutjulo] 
lliesc  suhstances  dissolve  the  red  blood  corpuscles.  Sometimes  it  occurs  periodically  from  citw 
and  condition^  as  yet  but  little  undersloo<l,  f.g.,  the  application  of  cold  to  the  skin. 

Tests  for  Blood  in  Urine. — i.  The  color  of  bloody  urine  shuws  every  tint,  from  a  faint  red  to 
a  dark,  blackish  brown,  according  to  the  amount  of  blood  present.     The  urine  is  often  turtmJ. 

2.  Urine  containing  blood  or  blood  pigment  conlaini  albumin. 

3.  Heller's  Blood-test. — Add  to  urine  half  its  volume  of  solution  of  caustic  potash,  soil  bat 
gently.  The  cinhy  phosphates  arc  precipitated,  and  they  carr^-  the  lucmatin  with  them,  falhif  H 
garnet-red  Hocculi.     [This  is  not  &  reliable  test.] 

4.  H«emin  Test.— The  colored  earthy  phosphates  may  be  collected  on  a  filter,  and  from  ibm 
hceinin  may  be  prepared  as  directed  in  {  19. 

Fig.  257. 


t\. 


SpectRMCopc  for  InvMtlng  tlw  pncuncc  of  hsmogloblo  In  uria*. 

5.  Alm^n's  Teat. — Add  to  urine,  freshly-prepared  tincture  of  guaiacum  and  ozonixed  etiiffjl 
blue  color  indicates  the  presence  of  blood  (|  37). 

6.  Spectroscope  (see  ^  14).  Fig.  257  shows  the  arrangement  of  the  apparntns.  Theunacil 
placed  in  a  glass  vessel,  D,  with  parallel  sides,  i  centimetre  apart  ( hKmatinometcr).  Lttk 
from  a  lamp,  li.  passes  through  the  fluid.  Tlie  lamp.  F,  illuminates  the  s-calc,  which  is  seen  by  ue 
observer  Through  the  telescope.  A.  [a)  Fresh  urine  containing  blood  gn-es  the  spccinno' 
oxyhannoglobin  (Fig.  14).  (*)  When  bloody  urine  is  exposed  for  some  time,cs;.«ciaUyiBainin 
place,  it  becomes  more  airiii,  and  assumes  a  dark,  brownish-black  color.  The  h.TmogU>t}itii  beeuiO 
changed  into  niethsemoglobin  {\  15).  it  is  precipitated  by  lead  acetate,  which  does  not  tn  ' 
late  oxyhemoglobin;  the  spectrum  of  raethxmbglobin  resembles  that  of  h.vmalin  in  an  sad 
lion  {\  15,  Fig.  14).  The  two  spccira  may  be  combined,  (r)  The  microscopic  inves 
must  never  be  omitted.  The  shape  of  the  corpuscles  may  vary  consider^Iy,  as  is  shown  is  f^ 
253  to  355. 

166.  BILE  IN  URINE  (CHOLURIA).-The  physiological  conditions  which  «■«»*« 
bile  constituents  to  ap|>ear  in  the  urine  are  mentioned  in  pad  at  \  iKo. 

Heematogenic,  or  Anhcpatoi^enic  Icterus  (()wi'iir<(/),  occurs  when  bilimhin  {\  ao)  is  fcnsf*' 
from  cxtravosated  blood  by  tne  action  of  the  connective-tissue  corpuKlcs,  so  that  bite  fMgiDCflt^  i& 
sddKion  to  coloring  the  tissues,  pass  into  the  urine. 
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^1.  Bale  Pigments. — Their  preseoce  is  ascertained   by  Qmeltn-Heinlz's  teat.     Green  {W\\i- 
III)  I  is  the  charAaeriulc  hue  in  ihe  play  of  colora  obtuned  with  this  test,  which  is  fully  described 

l«77. 

Modifications  of  the  Test. — l.  If  icteric  urine  be  filtered  through  (iltering  or  blotting  paper, 

A  drop  uf  nitric  acid  containiitg  nitrous  acid,  when  applied  to  the  inner  surface  of  the  spread'oUI 

^Htcr, gives  a  ycUoH-ish  colored  ring  {/^oienAaiJk),     2.   In  order  that  the  reaction  may  not  take  place 

^b  rapiilly,  add  a  concentrated  solution  of  iodic  nitrate,  and  then  sloivly  pour  in  sulphuric  jctd 

^F/fttcA/)>     3-  On  shaking  50  c.c.  of  icteric  urine  with  10  c.c.  of  chloroform,  the  biliruMn  Is  dii- 

colved  by  the  latter.     On  adding  bromide  water,  a  beautiful  ring  of  colors  is  oUained  (Mn/y).     If 

ihe  chloroform  extract  be  treated  with  ozonized  turi>entine  and  dilute  caustic  potash,  a  green  color, 

due  to  bilivcrdin.  occurs  in  the  watery  tluid  ( (Jerhurd/). 

In  Uight  degrees  of  jaundice,  urobilin  alone  may  t«:  found  f?  261,  i)  (Quincke), 
In  persiKenl  high  fever,  the  urine  contains  especially  biliprasin   [Ifufferl).     If  it  contains 
Ctaoletelin  alone,  add  10  the  urine  some  hydrochloric  acid,  and  examine  tt  with  the  spectroscope, 
which  gives  a  pale  absorption  band  between  b  and  F  ($  177,  J*/"). 

Haematoidin. — Sometimes  crystals  of  hiirmUoidin  {\  20,  Fig.  14)  appear  in  the  nrine,  e^>ecially 
when  blood  corpuscles  are  dissolved  within  the  blood  stream;  occasionally  in  scarlet  fever  and 
typhus,  and  sometimes  in  cases  of  periodic  hiemoglobinuria.  The  breaking  up  of  old  blood  clots 
in  the  urinary  pasugei^,  as  in  pyonephrosis  (EbsUin),  or  during  the  dissolution  of  necrotic  areas 
{Hefmann  and  Ultimo hh)  produces  them,  and  similar  crjsUls  occur  In  analogous  cases  in  the 
«Hilum  y\  13S}.  In  jaundice  due  to  congestion  \\  iSoj.the  irteatical  ciystallme  5ul>stance,  hilirubm, 
■1  found 

P  II.  Bile  acids  occur  in  largest  amount  in  absorption  jaundice,  bat  they  are  never  present  to  any 
eatcnt. 

The  test  is  described  at  {  177,  2,  the  cane-sugar  solution  consisting  of  a5  grm.  to  t  litre  of 
water.  If  the  urine  be  ililuie,  it  is  advisable  to  concentrate  it  on  a  water  bath.  v.  Pettenkofer's 
test  may  be  used  with  the  alcoholic  extract  of  the  nearly  dry  residue,  but  no  albumin  must  be  present. 
Dragendorff  found  o.S  grm.  m  lOO  litrcii  of  normal  m.t\h^. 

Strassburg's  ModiAcatiod. — Dip  fitter  paper  into  the  urine,  to  which  a  little  cane  sugar  has 
been  aildeU  ;  dry  tlie  paper,  and  apply  to  it  a  drop  of  sulphuric  Acid.  A  violet-red  color  is  obtained 
after  a  short  time. 

[Hay's  Reaction. — The  effect  of  bile  salts  in  lessening  the  surface  tension  of  a  liquid,  and  thus 
rapidly  causing  the  precipitation  of  a  dry  powder  like  sulphur,  when  placed  in  the  liquid,  is  the 
basis  of  this  lest  1^  177)-] 

267.    SUGAR    IN    URINE    (GLYCOSURIA).  —  Diabetes    Mellitus.— The  excessively 

minute  trace  of  grape  sugar,  nr  dextrose,  which  is  constantly  present  in  normal  urine,  sometimes 

bcoonies  greatly  increased,  and  constitutes  the  conditions  of  diabetes  mellitus  and  glycosuria. 

The  physiological  conditiuns  which  determme  this  result  are  given  at  g  175.     In  this  condition,  the 

quajitity  of  urine  is  greatly  increased ;  it  may  reach  to  or  more  litres-     Many  pints  may  be  passed 

daily.     [The  usual  abnormal  amount  uf  sugar  is  from  i  to  S  per  cent.,  ahhough  15  per  cent,  has 

been  found,  1.  e.,  found  from  5  to   50  crs.  per  fluid  07.,  or  300  to  4000  grs.  in  twenty-four  huurs 

\,Tysom).\     The  specific  gravity  is  alao  increased   (1030  to  1040J.     [In  a  case  where  a  large 

amount  of  urine  is  passed  of  a  puie  color  and  a  specific  gravity  above  1030.  always  suspect  sugar.] 

A  diatictic  jjcrson  gives  off  relatively  more  water  by  the  kidneys  and  less  by  the  skin  (and  lungs  ?) 

than  a  healthy  person.     The  color  is  very  pile  yellow,  although  the  amtiuni  of  pigment  i:^,  by  no 

means,  diminished ;  it  Is  only  rliluicd  [the  depth  uf  the  color  being  iaver^ly  as  the  quantity  passed]. 

The  aniQuni  of  the  nitrogenous  urinary  excreta  is  increased.     The  sugar  is  increased  by  a  diet  uf 

carbohydratex  and  diminished  by  an  albuminous  diet.     The   uric  acid  and  oxalate  of  time  are  often 

increased  at  the  commencement  of  the  diwfase,  while  yeast  cells  are  constantly  present  after  the 

urine  has  been  exposed  to  the  air  for  some  time. 

Sugar  has  been  found  oetasionaUy  after  poisoning  with,  or  after  the  use  of,  morphia,  CO,  chloral, 

Mpiloroform,  curara;  after  thr  injeaion  of  ether  and  amyl-nitme  into  the  blood ;  and  in  gout,  inter 

^Httent  fever,  cholera,  cere bru. spinal   meningitis,  hepatic  cirrhosis,  and  cardiac  and    pulmonary 

^Mrciions. 

Tests. — .\ny  of  the  tests  ducriljcd  at  \  149  may  be  used,  but  the  urine  must  be  free  from  albumin. 
The  'juanlilative  estimation  by  fermentation  and  the  titration  methods  ore  described  in  \  149.    [The 

kxs  (or  grape  sugar  described  in  \  149  are  (1^  Troromer's;  (2)  Fehling's;  (3)  Moore  &  Heller's: 
)  BdiigeT's;  (5)  Mulder  and  Ncubaucr's ;  (b)  Fermentation  test.] 

7.  Worm  Milller  recommends  the  following  modilication  of  Fehling's  test:  Use  a  2.5  per  cent. 
Solution  of  cuptic  sulphate  solution,  and  another  of  lO  parts  of  sodiu-putasaic  tartaratc  in  loo  parts 

'  a  4  per  cent,  solution  of  soda.     Ikiil  5  c.  cm.  of  urine  in  a  test  tube,  while  in  a  second  teu  tube 

boiled  I  to  3  c.  cm.  of  the  copper  solution  and  2.5  c.  cm.  of  the  |)otassiotanrate  solution.     The 

ilmg  of  both  fluids  is  slopped  simultaucously,  and  after  20  to  25  sccond^,  the  contents  of  one  lest 

are  added  to  those  of  the  other,  but  without  shaking  the  mixture,  the  reduction  taking  place 

>ntaneou&ly. 

8.  Nylander's  modification  of  Bottger's  test  is  also  good  {\  149). 
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[9.  Picric  Acid  and  Potash  Test. — Braun  showed  that  grape  ^ugar,  when  boiled  wkhfMc 
acid  atiH  pataih,  reduces  ihe  yellow  picric  acid  to  Ihc  deep-red  picramic  acid,  the  depth  of  the  txia 
depending  on  the  amount  of  sugar  prcsenl.  Dr.  Johnson  uses  this  test  for  dcicciiiig  the  prcKncriil 
sii|{ar  in  urine,  and  also  for  estioiating  the  amount  of  sugar  present,  the  depth  of  the  ml  coIm 
oUained  in  boiling  tieing  comparcf)  with  a  standard  <)ilution  of  ferric  acetate.  In  doing  Uk  IbL 
use  t  drachm  of  urine,  }4  a  drachm  of  liquor  potassae,  and  10  minims  of  picric  acid  solution ;  jsAt 
up  In  2  drachn)S  with  disiilled  water,  and  boil  the  mixture  for  one  minute.  Thi^  lest  indi^tesibt 
presence  of  a.6  grain  nf  .••ugar  per  flutdounce  of  normal  urine.  Dr.  Johnson  claims  fur  ibis  tet 
that  it  possesses  all  the  advantages  of  the  other  tests,  while  it  is  not  affected  by  uric  acid  or  mj 
other  normal  ingredient  of  urine;  neither  does  the  i>re&ence  of  albumin  interfere  with  the  action  ot 
the  lest  as  it  docs  with  all  the  iorm^  of  copper  testing.] 

[10.  Indigo-csnnine  Test. — A  blue  solution  of  this  substance,  when  boiled  with  diabetic  uiine 
containing  sodic  carbonate,  changes  from  a  blue  to  a  violet,  purple-red,  yellow,  and,  hnallT.  sinpi- 
yellow  color.  After  cooling  and  exposure  to  the  air,  the  various  colors  are  obtained  in  thtrcvettc 
order  until  the  mixture  becomes  blue  again.  Dr.  Oliver  uses  this  test  in  the  form  of  teat  p*P*n> 
One  bibulous  paper  is  impregnated  with  the  indigo  carmine  and  the  other  with  sodic  carbovte. 
Drop  one  of  the  tc^  papers  and  a  sodic  carbonate  paper  into  a  test  tube  containing  I  }i  incha  1I 
water;  beat  gently,  when  a  blue  solution  is  obtained.  Add  the  urine  slowly,  one  drop  at  a  une. 
and  boil  the  mixture,  observing  any  change  of  color  by  holding  the-tube  against  a  whhe  nHacc 
l>elow  the  level  of  the  eye.  Uric  acid  and  urates,  which  reduce  Kehting's  solution,  do  net  itfin 
the  carmine  test,  nor  does  krealinin,  although  it  reacts  with  the  picric  acid  test] 

[Quantitative  Estimation — (<?)  Fermentation  Test  (^150).  Take  4  oz.  (no  c.  c)  of  ibe 
urine;  add  a  lump  of  Cierman  ye3±.t  alx>ut  the  size  of  a  walnut,  lightly  corU  the  bottle,  and  pUccit 
o-vidc  for  twenty- four  hours  in  a  moderately  warm  place,  c.^'-.,  on  the  mantelpiece.  Take  the  ipt 
atic  granty  before  and  after  the  fermentation.  Thus,  if  the  specihc  gravity  be  1038  befure  tni 
1013  afterward,  the  difference,  or  "  dctkuiy  lost,"  is  25,  which  gives  25  grs.  of  sugar  per  fluid  tn- 
{Jfeiieris).  If  it  be  desired  to  get  the  percentage,  multiply  the  density  lost  by  0.23  ;  thus,  25  X^'3 
=  5.69  in  itx>pans.] 

[1,^)  Volumetric  Analysis. — 10  c.  c,  of  Fehling's  solution  =  .05  gramme  of  sugar. 

I.  Ascertain  the  iiuaniity  of  urine  [wwsed  in  twenty-four  hours.  2.  Filter  the  urine,  and  remrrc 
any  albumin  present  by  boiling  and  hitration.  3.  Dilute  to  c.  c.  of  Fehling's  solution  with  about 
twenty  times  its  volume  of  distilled  water,  and  place  it  in  a  white  porcelmn  capsule  ud  a  wire  gsue 
support,  under  a.  hurclte.  (It  is  (lilute<l  becau.se  any  change  of  color  is  more  easily  observed-)  4. 
Take  j  c.  c.  of  the  urine  and  95  c.  c.  of  distitted  water,  and  place  the  dilated  urine  in  a  burette. 
5.  (Jradually  boil  the  diluted  Fchling'^  solution,  and  while  it  is  boiling,  gradually  add  the  dduled 
urine  from  the  burette,  until  all  the  cuprous  oxide  is  precipitated  as  a  rcJdish  powder,  and  the  Mper- 
natcni  tluid  has  a  straw  yellow  color,  not  a  trace  of  blue  remaining.  Kead  off  the  number  of  c  C- 
of  tiiiuU  utinc  employed.  Say  36  c.  c.  were  used — that,  of  course,  represents  1.8  c.  c.  of  the 
original  urine.  Suppose  the  patient  passes  1550  c.c,  and  as  1.8  c.  c.  of  urine  reduced  all  the  cupnc 
oxide  in  Ihe  10  c.  c.  of  Fehling's  solution,  it  must  contain  .05  gramme  sugar ;  hence. 

1.8  :  1550  ;  :  .05  :   -?-^ — 'i-L.^=  237.5  grammes  of  sugar  passed  in  24  hours.] 

I.o 

ic)  According  to  Worm  MUller,  the  polariioUon  method  is  almost  valueless  for  diabetic  urioe, 

tf  large  quantities  of  dextrose  are  taken  in  the  food,  a  part  of  it  (and  more  in  diabetic  persoip] 
a|kpears  in  the  urine.  Laevulose,  when  taken  intemally,  does  not  increase  the  amount  of  to^  in 
diatwies.  The  free  use  of  starch  does  not  cause  glycosuria  in  health,  but  in  diabetes  it  increaso 
the  amount  of  sugar.  A  large  consumpnon  of  cane-  or  milk  sugar  causes  the  paauge  of  snuill 
quantities  of  tmth  of  these  sugars  into  the  urine  in  health,  while  in  diabetes  the  amount  uf  dcurwc 
i»  increased  ( (f'prm  ^Vw//fr).  Acconling  t<t  Klili,  in  diabetic  persons  cane  sugar  is  split  up  laW 
grape  fruit  sugar,  the  laiier  being  used  up  in  the  body,  the  former  partly  excreted*,  and  the  samcii 
the  cose  with  milk  sugar. 

In  severe  cases  of  dwbeles  meltitus.  KUlx  found  the  left  rotatory  ^-oxybotyric  acid  (the  next  highcit 
analogue  of  lactic  acid)  tn  the  urine,  from  which  acetic  acid  is  formed  by  oxidation  (|  175)  vUdi 
in  its  turn  readily  yields  O  )j  and  accion.  -n-crotonic  acid  is  formed  in  unne  by  the  resBOwIof 
water  from  oxybutjric  acid  in  the  urine  in  dial>etes  [StaniffmaHH),  The  administration  of  actfoB 
cauMs  albuminuria,  and  this  may  in  part  explain  in  some  cases  the  complicaiion  of  albutninani  U 
diabetes  {.'l/^rfont  and  Fisertti). 

[Preparation  of  Fehling's  Solution. — 34.64  grammes  of  pure  crystalline  cupric  sulphite  m 
powdered  and  duAnlvcd  in  200  c.c.  of  diktilled  water-,  in  another  vessel  dissolve  173  gramsia'' 
kochelle  salts  in  480  c.c.  of  pure  caustic  soda,  speci6c  gravity  1. 14.  Mix  the  two  Mlutioas,<n^ 
dilute  the  deep  colored  Buid  which  resuhs  In  1  liire.  A'.  B. — Fehling's  solution  ought  W}(K>^ 
kept  loo  long ;  it  is  apt  to  decompose,  and  should  therefore  be  prescn  ed  from  the  light,  or  protedw 
with  opofiue  paper  posted  on  the  bottle.  Some  other  substances  in  urine,  r./.,  urates  arid  orie»c»« 
reduce  cupnc  oxide.] 

Aceton,  or  Aceton- yielding  substance,  probably  accto-acelic  acid,  is  sometimes  found  in  diatw 
urine.  It  has  a  peculiar  venous  odor,  and  it  has  been  deteaed  iu  the  urine  during  fe?cr.  t»eA«f« 
described  a  peculiar  substance  in  diabetic  urine,  which  gave  a  deep  red  color  with  perchlonJc  » 
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This  substance  is  prohably  dUcetic  ether,  and  he  considered  it  to  be  the  eource  of  .icctoa; 
It  it  is  more  prol>at>Iy  dctived  from  aceto-acctic  acid.     Testa  for  Aceton. — (i)  Perchloride  of 

m  ^  Burgundy-rcd  color  ;  but  this  is  not  reliable.  (2)  Ltebcn  suggested  an  iodoform  test.  Dis- 
solve 20  ifrai"^  of  KI  in  iluidrachm  of  li«j.  potass^,  and  boil  the  fluid.  Four  the  suspected  urine 
on  the  suKace,  when  a  ring  of  phosphates  is  deposited  from  the  nrinc  by  the  hot  alkaline  solution. 
If  accton  be  present,  after  a  lime  the  deposit  becomes  yellow,  and  yellow  granules  of  iodoform 
appear  aiid  sink  to  ibe  bottom  of  the  test  tube  {J\affe).  The  only  other  substance  which  may  be 
met  with  in  the  urine  giving  this  reaction  is  lactic  acid.] 

[Picro-Saccharimeter.— G.  Johnson  uses  a  stoppered  bottle  12  inches  long  and  ^  inch  wide, 
graduated  in  A  and  y^,  (Fig.  357,  a).  To  it  is  tixed  a  shorter  bottle  containing  the  standard 
iron  solution  for  comparison,  a  standard  solution,  composed  of  liquor  fenri  perchloride  3J,  liq. 
amraon.  acctatis  ^iv,  glacial  acetic  acid  ^iv,  licj.  aminonix  ."^i.  and  water  to  make  up  ,^tv.  All 
B.  r.  preparaiions  give  a  color  identical  with  a  solution  containing  I  gr.  of  grape  sugar  per  oz., 

luced  by  picric  aciti   and   afterward  diluted  four  times,  so  that  [his  tint  —   V  K'-  ^f  sugar  (jer  oz. 


Km.  257  a. 


Fig.  258. 


^^ 


o 


^ 


laotit  cryvlnlliirri  panly  from  alcohol  and  pfinlj* 
fnwn  ureter  (after  FuMk4\. 


Picro  tacchnrimcirr  of 
O   Johnton. 


After  reducing  the  sugar  with  the  picric  acid,  pour  into  the  tall  tube  the  dark,  saccharine  liquid  pro- 
duced by  boiling  to  occupy  ten  divisions  of  the  tube,  and  add  distilled  water  cautiously  until  the  color 
approaches  that  of  the  standard ;  read  olT  the  level  of  the  fluid.  Hie  amount  of  sugar  present  is 
determined  from  the  amount  of  water  added.  In  making  the  lest,  the  picric  acid  mtisl  be  added  in 
proportion  to  the  amount  of  sugar  added.] 

Milk  sugar  is  sometimes  found  in  the  urine  of  women  who  are  nursing;  when  the  secretion  of 
lilk    is  arrested,  abstirpiiiin  taking  place  from  the  breasts  {Kirittn^  Spie^flherg).     Laevulose  is 
'«ometiirtcs  found  in  dialectic  urine  (8  2^2). 

Dextrin  has  also  been  found   in  diabetic  urine.     Inosit,  or  muscle  sugar  \\  252),  is  sometimes 

found  in  itiabetes,  in  polyuria  (/ViM/cr),  and   albuminuria.      It  is  found   in  traces,  even  In  nonnal 

urine.  Occasionally,  after  the  pi qu re  in  animals  ^i{  175),  inosit,  inytead  of  grape  sugar,  appears  in 

the  unne  f  Kig   258).   In  testing  for  inosii,  remove  thegrajic  sugar  by  fermentation,  and  the  albumin 

f  beat,  after  the  addition  of  a  few  drops  of  acetic  ocid  and  sodic  sulphate.     .Some  of  the  filtrate 

cvaporaled  nearly  to  dryness  on  a  capsule.     To  the  residue  add  two  drops  of  mercuric  nitrate 
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panciralic  digestion  has  been  referred  to  in  j  170,  U.)  As  the  urea  excreted  is  usually  diminished 
■I  the  same  time,  it  is  aR*iimctI  that,  in  these  disease*,  the  furlher  oxidation  of  Ihe  derivative  of  the 
proieids  is  interfered  with.  Leucin,  xvhich  is  either  prccipitaied  spontaneously  or  obtained  after 
cvaponltng  an  alcoholic  extract  of  Ihe  wmceniratcd  iirinc.  occurs  in  the  form  of  yellowish,  brown 
ba.lls  (Fig.  260,  u  a),  often  with  concentric  markings,  ur  with  tine  spines  on  their  surface.  When 
heAicd.  it  Kublimes  without  fusing. 
Tyrosin  fotms  silky,  colorless  sheaves  of  needles  (Fig.  260,  h  f).  When  boiled  with  mer- 
ric  nitrate  and  nitric  acid  it  gives  a  red  color,  and  afterward  a  brownish-red  precipitate.  When 
;htty  heated  with  a  few  drops  of  concentrated  sulphuric  acid,  it  <)ifisotves  with  a  temporary  deep 
red  color.  On  diluting  with  water,  adding  barium  carlx>n.'ile  until  it  is  neutralised,  lioiUng,  filter- 
ing, and  adding  dilute  ferric  chloride,  a  violet  color  is  obtained  {^/'iria,  S/S/ieler). 

270.   DEPOSITS  IN  URINE.— Deposits  may  o(xiir  in  normal  as  well  as 
^in  pathologitai  urine,  and  ihcy  are  either  "organized"  or  '*  unorganized." 
1.  ORGANIZED  DEPOSITS.— A.  Blood:  red  and  white  blood  corpuscles  and  sometimes 


(Figs,  253-255 
Pus,  in  |>real< 


B.  Pus,  in  greater  or  leas  amount,  in  catarrh  or  inflammation  of  the  urinary  passages.     Pus  cells 
CKactly  resemble  colorless  blood  corpuscles  (Figs.  7,  256).     Donn6's  Test.— Pour  off  the  super- 


\(^: 


^^■i 


a,  cpilhetruni  from  the  hunuD  urethra  ;  i,  vagEna  ;  e,  proitau;  J,  Cowper'i  gUnds;  r,  Mitrv'* 
fiUnds .  /,  Temale  urethra ;  jf,  blaitder. 

itent  fluid  and  add  a  piece  of  caustic  potash  to  the  deposit;  if  it  be  pus  it  becomes  gelatinous, 
[ropy,  anil  more  viscid  (alkali-albuminate).  Mucus,  when  so  acted  on,  becomes  more  fluid  and 
tBiised  with  Hocculi. 

C.  Epithelium  of  various  forms  occars,  but  it  is  nM  always  possible  to  say  whence  it  is  derived 
fHg.  2ftl). 

D.  Spcrmatoioa  may  be  present  (Fig.  248,  a). 

E.  Lower  organisms  occur  iu  the  urinary  passages  very  seldom,  but  they  may  be  present,  f.^., 
m  the  bladder,  when  germs  are  intrmliiced  from  without  by  means  of  a  diriy  catheter.  [Before 
introducing  a  catheter  into  the  bladder  one  ought  always  to  make  sure  that  the  inMrument  is  perfectly 
aieptic]  Micrococci  are  found  in  the  urine  in  certain  diseases,  r.  ,v-t  diphtheria.  The  following 
formt  ore  disiinKtiishcd  :■ — ■ 

t.  Schizomycetes  (^  1S4).  Norma/  human  urine  contains  neither  schixomycetes  nor  their 
spores.  In  {latbological  conditions,  however,  fungi  may  pas^  from  the  blood  into  the  urinary  tubules 
and  thus  reach  ihe  urine  (/-ru^f).  During  the  alkaline  fermentation  of  urine,  micrococci,  rod- 
shaped  bacteria  or  bacilli  (Figs.  350,  251,  may  occur).  Sarcixue  belong  to  the  above  group 
(i  i»6). 

3.  Saccharomycetea  (fermentation  fungi) :  (n)  The  fungus  of  the  acid  urine  fermentation  (S. 
itte)  consists  of  small,  btaddcr-like  cells  arranged  cither  in  chains  or  in  groups  (Figs.  251,^; 
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are-  quite  clear  and  homog«neoas,  usually  long  and  sainll ;  HHoetiines  tliey  are  "  finely  {{ranular," 
frotD  the  presence  of  fat  or  other  particles.  They  are  best  seen  after  the  addtlton  of  a  solution  of 
kodiae.  They  arc  probably  formed  from  albumin,  which  passes  into  (he  urinifcrous  tubules.  They 
■re  diaolvc)  in  allLalioe  urlue,  while  actd  urine  favors  their  formation.  They  usually  occur  in  the 
late  stages  of  renal  disease,  after  the  tubular  epithelium  has  t}een  shed.  5.  Coarsely  granular 
casts  (Fig.  26;,  6\,  brownish-yellow  opaque,  and  granular,  usually  broader  than  3.  There  arc  vari- 
ous forms.  Not  unfrequently  there  are  fatty  granules,  and,  it  may  be,  epithelial  cells  in  them.  4. 
Amyloid  casts  occur  in  amyloid  de(*eneration  of  the  kidneys  (Fig.  363,  c).  lliey  are  refractive 
and  completely  homt^cneuus,  and  give  a  blue  color  ^amyloid  reaction)  with  sulphuric  acid  and 
iodine.  5.  Blood  casts  occur  in  capillary  hemorrhage  of  the  kidney,  and  consist  of  coagulated 
lilnod  entangling  blood  corpuscles  (Fig.  263,  a).    When  tube  casts  are  present,  the  mine  is  always 

II.  Unorganized  Deposits. — Some  of  these  are  crystalline  and  others  ore  amorphous,  and 
they  Ilivc  been  referred  lo  in  treating  of  the  urinary  coimlitucnt-s. 

271.  SCHEME  FOR  DETECTING  URINARY  DEPOSITS.— I.  In  acid  urine  there 
nay  occur  :— 

t.  An  amorphous  ^anular  deposit  : 
{a)  Which  is  dissolved  by  heal  and  reappears  in  the  cold ;  the  deposit  l&  often  reddish  In  color 

^  urates  { Fig,  249}. 
[i)  Which  ts  not  dissolved  by  heat,  but  Is  dissolved  by  acetic  acid,  but  without  efiervcscence 
=  probably  tribaslc  calcic  phosphate. 

Fig.  264. 


Hyaline  casts. 

{<)  Small,  bright,  refractive  granules,  soluble  Id  ether  =:  fat  or  oil  granules  {1 41)  (Lipfcmta). 
Kat  occurs  in  the  urtne,  especially  when  the  round  worm,  Filan;i  unguinis  hnminis,  is 
present  in  the  blood ;  sometimes,  along  with  su^ar,  in  phthisis,  ;x)isoning  with  phos- 
phorus, yellow  fever,  pyrrmia,  after  long  continued  suppuration,  and  Insily.  after  the 
injection  of  fat  or  milk  into  the  blood  (!jt  102).  It  occurs  also  in  fatly  degeneniiian  of 
the  urinary  apparatus,  admiiliirc  with  pus  from  old  alwccsses.  and  after  severe  injaries  to 
bonci.  In  these  cases  attention  ought  to  be  directed  In  the  presence  of  cholesterin  and 
lecithin.  Very  rarely  is  the  fat  present  in  such  amount  in  t)ic  uhnc  as  to  form  a  cream 
on  the  surface  (chyluria). 

A  crystalline  deposit  m.iy  be — 

(a)  Uric  acid  (Figs.  242,  243.  249V 

(A)  Calcium  oxalate  (Figs.  249,  259) — octahedra  iosoluble  in  acetic  acid. 

M  Cystin  (  Kig.  259). 

(a)  Leucin  8n<l  tyrosin — very  rare  (Fig.  260). 
.  In  alkaline  urine  tlicip  may  occur — 

I.  X  t\*mpittfty  amorphous  granular  deposit,  soluble  in  acids  without  effervescence  ^  tri- 
baaic  calcic  pbosphate. 

SniiiHrHt  crystalline,  or  with  a  (hat aclffiUie  form. 

[aj  Triple  phosphate  (Figs.  350,  351,  253,  and  356},  soluble  at  once  in  acids. 
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(^)  Add  ammonium  urate — dark -yellowish,  small  balls  ohtn  beset  with  ipitie^  abo  aaoN 

phous  (Figs.  250  and  260). 
{£)  Calcium  carbonate — smalt  whitish  balls  or  biscuit-shaped  bodies.     Acids  dissolirc  then 

with  effervescence  (Fig.  248). 
(*/)  Leucin  anH  tyroain  (Fip,  260) — very  rare. 

(/)  Neutral  calcic  phosphate  and  long  plates  of  trihasic  magnesic  phosphate  (Pig.  24^)- 
Organized  deposits  may  occur  both  in  alkaline  anil  in  acid  urine;  pus  cells  are  more  abuodut 
in  alkaline  urine,  and  so  are  the  lower  vegetable  organisou. 

372.  URINARY  CALCULI. — Urinary  concretions  may  occur  in  f:ranules  the  sir«  of  aukd,«r 

in  masses  as  large  as  the  tist.      According  lo  thrir  size  they  arc  spoken  of  as  sand,  gravel,  rtCMtt  Cf 
calculi.     They  occur  in  the  pelvis  of  (he  kidney,  ureters,  bladder  and  sinus  proilaticus. 
We  may  classify  them  as  follows  (  Uleimann) : — 

1.  Calculi,  whose  nucleus  consists  of  the  sedimentary  forms  that  occur  in  acid  urifiC  [yrmu} 
rormalion  of  calcuH).  They  are  all  formed  in  the  kidney,  and  pass  into  the  bladder*  wbci*  ibej 
enlarge  according  to  the  growth  of  the  crystals  in  the  urine. 

2.  Calculi,  which  arc  either  sedimentary  forms  from  alkaline  urine,  or  whose  nucleui  coewB 
of  a./om'iiH  (it*dy  ('secondary'  formation  of  calculi  i.     Tlicy  ore  formed  in  ihe  bladder. 

The  primary  formation  of  calculi  begins  with  free  uric  acid  in  the  fonn  of  sheaves  (Fig.  1*2,(1 
which  form  a  nucleus,  with  concentric  layers  of  oxalate  of  time.  The  secondary  formatioo  ocxvk 
in  nrufrol  ut'\nc  by  the  deposition  of  calcic  carbonate  and  crystalline  calcic  |,ihi>*iph.ile :  in  m/itSar 
urine,  by  the  depoullon  of  acid  ammonium  urate,  triple  phosphate  and  amorphous  calcic  phoqifabL 

Chemical  Investigation. — Scrape  the  calculus,  barn  the  scrapings  on  platinum  foil  to  aactrtUD 
if  they  are  burned  or  not. 

I.  Combustible  concretions  can  consist  only  of  organic  substances. 

(a)  Apply  the  murextde  test  (S  259,  2).  and  if  It  succeeds  uric  acid  is  present.  Uric  acw]  aO- 
culi  are  very  common,  often  of  considerable  size,  smooth,  fairly  hard,  and  yellow  to  reddish-brava 
in  color. 

(^)  If  atiother  portion,  on  being  boiled  with  caustic  potash,  gives  the  odor  of  ammonia  (or  vbea 
the  vapor  makes  damp  ttimieric  paper  brown,  or  if  a  glass  rod  dipped  in  HCl  and  held  over  it  (it** 
white  fumes  nf  ammonium  chloride),  the  concretion  contains  ammonium  urate.  If  Agivctao 
result,  pure  uric  acid  if  present  Calculi  of  ammonium  urate  are  rare,  usually  small,  of  an  tuthy 
consistence,  /.<-.,  soft  and  pale  yellow  or  H-hitish  in  color. 

(r)  If  the  xanthin  reaction  succeeds  (|  260),  this  substance  is  present  (rare).  ladi|po  Kutcn 
found  on  one  occasion  in  a  calculus  ( Ord). 

{d)  If,  after  solution  in  ammonia,  hexagonal  plates  (Fig.  259,  A)  are  fotind,  cystin  is  preseM. 

{f)  Concretion.s  of  coagulated  blood  or  ftbrin,  without  any  cr^'sials,  are  rare.  When  bnwJ 
they  give  the  orlor  of  singed  hair.  Thtry  are  inHoluble  in  water,  alcohol  and  ether ;  but  are  soltbit 
in  caustic  potash,  and  arc  precipitated  therefrom  by  acids. 

(/)  Uroatealith  if  applied  to  a  caoutchouc  likt;,  soft  elastic  substance,  and  is'very  rare.  ViliCi 
dry  it  is  brittle  and  hard,  brown  or  black.  When  warm  it  softens,  and  if  more  heat  be  Spptwi 
it  melts.  It  is  soluble  in  ether,  and  the  residue  after  evaporation  becomes  violet  on  beii^  bcstei 
It  is  soluble  in  warm  caustic  potash,  with  the  formation  of  a  soap. 

II.  If  the  concretions  are  only  partly  combustible,  thus  leaving  a  residue,  they  conlaia  (Mpnc 
and  inorganic  constituents, 

(a)  I'ulvehze  a  part  of  the  stone,  boil  it  in  water,  and  filter  while  hot.  The  urates  are  dinolvfi). 
To  test  if  the  uric  acid  i^  united  with  soda,  [xita&li,  lime  or  magnesia,  Ihe  filtrate  15  evaporated  ami 
burned.  The  ash  is  investigated  with  the  spcctruscD|>e  (^  141,  when  the  characteristic  hands  of 
soilium  or  potash  are  observed.  Magnesic  urate  and  calcic  urate  arc  changed  into  carboDiriehr 
burning.  To  separate  them  dissolve  the  ash  in  dilute  hydrochloric  acid  and  filter.  I'he  tiltnieo 
neutraltied  with  aniinonia,  and  again  redi^so1vcd  by  a  few  drops  of  acetic  acid.  The  addition  of 
ammonium  oxalate  precipitates  calcic  oxalate.  Filter  and  add  10  the  BUrate  sodic  phocphaic  ainl 
ammonia,  when  the  magnesia  is  precipitated  as  ammonio-magnesic  phosphate. 

{b)  Calcic  oxalate  (especially  in  children,  either  as  small,  smooth  pale  stones,  or  in  dark,wsrTT, 
hard  '*  multwrry  calculi ")  is  not  aftecteil  by  acetic  acid,  is  dissolved  by  mineral  acids  wilhoui  efkr- 
vescence,  and  again  precipitated  by  nmmnnia.  Heated  on  platinum  foil  it  chon  and  hUckcfti<.il>o 
it  l>ecumes  white,  owmg  to  the  fomiation  of  calcic  carbonate,  which  efTerTescet  un  the  addition  of  tt 
acid. 

(r)  Calcic  carbonate  (chiefly  in  whitish-gray,  earthy,  chalk-like  calculi,  soraewhaf  rtrel  dis- 
solves with  effervescence  in  hydrochloric  acid.  When  humed  it  first  becomes  black^ovocH 
admixture  with  mucu».  and  then  while. 

yd)  Amrooniomagnesic  phosphate  and  basic  calcic  phosphate  usually  occur  loc«theri* 
Kifl,  while,  earthy  stones,  which  occaiionatly  arc  very  large.  These  stones  show  that  the  ariBf  b* 
bpcn  ammoniacal  for  a  very  long  time.  The  first  substance  when  heated  gives  the  Mor  of  un>B<^ 
nia,  which  is  more  distinct  when  heated  with  caunic  potash  ;  i«9olul>lc  in  acetic  acid  witboiri  c'c* 
vescence.  and  is  again  precipitated  in  a  crystalline  form  from  this  solution  on  the  addition  o(  M|- 
monia.    When  heated  it  fuses  into  a  white,  enamel  like  mass  [hence,  it  iscalled  "  fusible  caJcslv"!' 
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Basic  calcic  phosphate  Hoes  not  effervesce  with  acids.  The  solution  in  hydrochloric  acid  is  pre- 
cipitated by  ammonia.  When  ammonium  oxalate  is  added  to  the  acetic  acid  volution,  it  yields 
oilac  oxaliiie. 

{e)  Neutral  calcic  phosphate  is  rare  in  calculi,  while  it  is  frequent  in  the  form  of  gravel. 
Physically  )ind  chemically,  ihcx:  Concretions  resemble  the  earthy  phosphates,  only  they  do  not  con- 
tain magnesia. 


173.  THE  SECRETION  OF  URINE.— [The  functions  of  ihe  kidney 


^K     I.  To  excrete  \vaste  products,  chiefly  nitrogenous  bodies  and  salts; 

^B     3.  To  excrete  water ; 

^P     3.  And  perhaps  also  to  reabsorb  water  from  the  uriniferous  tubtiles,  a^er  it 

^^  has  wa.shcd  out  the  waste  products  from  the  renal  epithelium. 

The  chief  parts  of  the  organs  concerned  in  i,  are  the  ej)ithelial  cells  of  the 
convoluted  tubules ;  the  glomeruli  permit  water  and  some  solids  to  pass  through 
them,  while  the  constrictions  of  the  tubules  may  prevent  the  too  rapid  outflow  of 
water,  and  thus  enable  pnrt  of  it  to  be  reabsorbed  i  Bfunton).'] 

Theories. — The  two  chief  older  theories  regardmg  the  secretion  of  urine  are 
the  following  :  i.  According  to  Bowman's  view  1 1842),  through  ihe  glomeruli 
are  filtered  only  the  wafer  and  some  of  the  highly  diffusible  and  soluble  salts 
present  in  the  blood,  while  the  specific  urinary  constituents  are  secreted  by  the 
activity  of  the  epithelium  of  the  urinary  tubules,  and  are  extracted  or  removed 
from  the  epithelium  by  the  water  flowing  along  the  tubules.  This  has  been  called 
the  "vital"  theory.  2.  C.  Ludwig  (1844)  assumes  that  very  dilute  urine\% 
secreted  or  filtered  through  the  glomerulus.  As  it  passes  along  the  urinary 
tubules  it  becomes  more  concentrated,  owing  to  endosmosis.  It  gives  back  some 
of  its  water  to  the  blood  and  lymph  of  the  kidney,  thus  becoming  more  concen- 
trated, and  assuming  its  normal  character.  [This  is  commonly  known  as  the 
"  mechanical"  theory.] 

^LThe  secretion  of  urine  in  the  kidneys  does  not  depend  uix>n  definite  physical  forces 
^p^.  A  great  number  of  facts  force  us  to  conclude  that  the  vital  activity  of  certain 
secretory  cells  plays  a  foremost  part  in  the  process  of  secretion  {R,  JJeidenhain). 
The  secretion  of  urine  embraces — (i)  The  v^ater,  and  {i)  the  urinary  con- 
stituents therein  dissolved;  both  together  form  the  urinary  secretion.  The 
amount  of  urine  depends  chiefly  upon  the  amount  of  water  which  is  filtered 
through  or  secreted  by  the  glomeruli ;  the  amount  of  solids  dissolved   in  the 

•ine  determines  its  concentration. 
i(A)  The  amount  of  urine,  which  is  secreted  chiefly  within  the  Malpighian 
psules,  deperuh  primarily  uptfn  the  blood  pressure  in  the  area  of  the  renal  artery^ 
and  follows,  therefore,  the  laws  of  filtration  \%  191,  IIj  {Ludivig  and  Goll). 
[In  this  respect  the  secretion  of  urine  differs  markedly  from  that  of  saliva,  gastric 
;uice,  or  bile.  We  may  state  it  more  accurately  thus,  that  the  amount  of  urine 
depends  very  closely  upon  the  difference  of  pressure  between  the  blood  in  the 
glomeruli  and  the  pressure  within  the  renal  tubules.  If  the  ureter  be  ligatured, 
the  secretion  of  urine  is  ultimately  arrested,  even  although  the  blood  pressure  be 
high.  The  secretion  may  also  be  arrested  by  ligature  of  the  renal  vein  ;  acd  in 
some  cases  of  cardiac  or  pulmonary  disease  the  venous  congestion  thereby  pro- 
duced may  bring  about  the  same  result.] 

Glomerular  Epithelium,— The  amount  of  urine  secreted  does  not  depend 
upon  the  hydrostatic  prcs.sure  alone,  but  it  seems  that  the  epithelial  cells  covering 
the  glomerulus  also  participate  aelively  in  the  process  of  secretion.  Besides  the 
water,  a  certain  amount  of  the  salts  present  in  the  urine  is  excreted  through  the 
glomeruli.  The  sentm  albumin  of  the  bloody  hojitever,  is  ftrevented  from  passing 
through.  With  regard  to  the  secretory  activity  of  these  cells,  the  qtiantity  of 
water  must  also  depend  upon  the  amount  and  rate  at  which  the  material  to  be 
secreted  is  carried  10  the  glomeruli  by  the  blood  stream,  and  also  upon  the  amount 
of  the  urinary  constituents  and  water  present  in  the  blood  {^R.  Neidenhain). 
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RELATION   TO  THE   BLOOD   PRESSURE, 


Only  when  the  vitality  of  the  Kcretory  cells  is  intnct  is  there  independent  activity  of  (Wt 
secretory  cells  {Iffitienknin).  When  the  renal  artery  is  closed  temjwrarily.  Iheir  activity  ii  |ian- 
lyzed,  M>  that  the  kidneys  cease  to  Rccrete,  and  even  .ifier  the  comprcssinn  is  removed  and  Uiedies 
latiQn  reestablished,  secretion  does  not  take  place  for  some  time  {Ox^trhtck), 

That  the  secretion  depends  in  part  upon  the  blood  pressure  Is  proved  liy 
the  following  considerations:— 

1.  Increase  of  the  total  contents  of  the  t^ascular  system^  so  as  to  increase  the  ^M 
pressure^  increases  the  amount  of  water  which  filters  through  the  glomeruli.  Tbe 
injection  of  water  into  the  blood  vessels,  or  drinking  copious  draughts  of  water, 
acts  partly  in  this  way.  If  the  blood  pressure  rises  above  a  certain  height^  sibu- 
min  may  pass  into  the  urine.  The  acth'e  participation  of  the  cells  of  the  glom- 
eruli is  rendered  probable  by  the  fact  that,  after  very  copious  drinking,  the  blood 
pressure  is  not  always  raised  {Pawlow)\  further,  ?X\.*zx  profuse  transfusion,'^ 
quantity  of  urine  is  not  increased.  Conversely,  the  excretion  of  water,  owing  to 
profuse  sweating  or  diarrhoea,  copious  hemorrhage,  or  j>rolonged  ihifNl,  dimin* 
ishes  the  secretion  of  urine. 

2.  Diminution  of  the  capacity  of  the  vascular  system,  provided  the  pressure  withm 
the  renal  area  be  thereby  increased,  acts  in  a  similar  manner.  This  may  be  pro- 
duced by  contraction  of  the  cutaneous  vessels,  owing  to  the  action  of  cold,  iiim- 
ulation  of  the  vasomotor  centre,  or  large  vasomotor  nerves,  ligaltire,  or  com- 
pression of  large  arteries  (§  85,  e),  or  enveloping  the  extremities  in  tight  bandages. 
Alt  these  conditions  cause  an  increase  in  the  amount  of  urine,  and,  of  cour^.  the 
opposite  conditions  bring  about  a  diminution  of  urine»  e.g.^  the  action  of  heat 
on  the  skin  causing  redness  and  dilatation  of  the  cutaneous  vessels,  weakcniog  of 
the  vasomotor  centre,  or  paralysis  of  a  large  number  of  vasomotor  nerves. 

3.  Increased  action  of  the  heart,  whereby  the  tension  and  rapidity  of  the  blood 
in  the  arteries  are  increased  (tt  85,  t),  augments  the  amount  of  urine  ;  converself, 
feeble  action  of  the  heart  ( paralysis  of  motor  cardiac  nerves,  disease  of  the  cardiac 
musculature,  certain  valvular  lesions),  diminishes  the  amount.  Artificial  stimula- 
tion of  the  vagi  in  animals,  so  as  to  slow  the  action  of  the  heart,  and  thus  dinoio- 
ish  the  mean  blood  pressure  from  130  to  100  mm.  Hg,  causes  a  diminution  in  tbc 
amount  of  urine  to  the  extent  of  one-fifth  {Goll,  Cl.  Bernard)  ;  when  the  pres- 
sure in  the  aorta  falls  to  40  mm.  the  secretion  of  urine  ceases.  [If  the  mcdtilla 
oblongata  be  divided  (dog)  there  is  an  immediate  fall  of  the  general  blood 
pressure,  and  although,  as  a  general  rule,  the  secretion  of  urine  is  arrested  wheo 
the  pressure  falls  to  40  to  50  mm.  Hg,  yet  secretion  has  been  observed  10  lake 
place  with  a  lower  pressure  than  this.] 

4.  The  amount  of  urine  secreted  rises  or  falls  according  to  the  degree  ef  fitlnets 
of  the  renal  artery  (Ludwig,  Max  Herrmann) ;  even  when  this  artery  is  raodcraiely 
constricted  in  animals,  there  is  a  decided  diminution  in  the  amount  of  urine. 

Patholo^cal. — In  fever  the  renal  vesseU  are  less  full,  aod  there  is  consecaiive  diminultofi  i^ 
urine  {MtndeUohH),  It  is  most  im|)ortAnl,  in  coaaection  with  certain  reoal  diseases,  to  note  1^ 
ligature  of  the  renal  artery,  even  when  it  is  obliterated  for  only  two  hours,  causes  necrosis  of  tke 
epithelinm  of  the  iiriniferous  tubolcs.  When  the  arlerial  anirinia  is  Itept  up  for  a  long  lime.lte 
whole  renal  tissue  dic!«  {LUUn).  After  lon^;- continued  ligaliun  of  the  renal  artery,  the  epitbeliiM 
of  the  glomeruli  becomes  greatly  changed  {iiibbert\, 

5.  Most  diuretics  act  in  one  or  other  of  the  above-mentioned  ways. 

[Some  diuretic^  act  by  increasing  the  general  blood  pressure  (digitalis  and  the  action  of  caU  sb 
the  tikin),  others  mny  increase  the  blood  pressure  hcaliy  within  the  kidney,  and  this  they  uyo* 
in  several  wayb.  The  nitrites  are  said  lo  paraly/e  the  muscular  fibres  in  the  vasa  aificftnti^  ^'^ 
thus  raise  the  blond  pressure  mthin  the  glomeruli.  Ilut  ikoine  alw>  act  on  the  serretory  efUMtiit^ 
such  as  urea  and  canein,  Brunton  recommend]^  the  cotnbinatinn  of  diuretics  in  approfniMM  CllA 
and  the  diuretics  must  be  chosen  according  to  the  end  in  view — as  we  wish  to  remove  execs*  «< 
fluids  from  the  tissues  and  serous  cavities,  or  at  we  wish  to  remove  injuriout  waste  [irodicis.o( 
merely  to  dilute  the  urine.] 

[6.  The  amount  of  urine  also  depends  upon  the  composition  of  tAe  blood.    Drink- 
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ing  a  large  cjuaniity  of  water — whereby  the  blood  becomes  more  watery — increases 
the  amount  of  urine^  but  this  is  true  only  within  certain  limits.  It  is  not  merely 
the  increase  of  volume  of  the  blood  acting  mechanically  which  causes  this  increase, 
as  we  know  that  large  quantities  of  blood  may  be  transfused  without  the  general 
blood  pressure  being  materially  raised  thereby.] 

[Heidcnhain  argues  that  it  is  not  so  much  the  pressure  q{  the  blood  in  the 
glomeruli  as  its  velocity,  which  determines  the  process  of  the  secretion  of  water 
in  the  kidney.  He  contends  that,  while  increase  of  the  pressure  in  the  renal 
arter)'  causes  an  increased  flow  of  urine,  ligature  of  the  renal  vein,  whereby  the 
pressure  in  the  glomeruli  is  also  increased,  arrests  the  secretion  altogether.  In 
both  cases  the  pressure  is  increased  within  the  glomeruli,  and  the  two  cases  differ 
essentially  in  the  vehciiy  of  the  blood  current  through  the  glomeruli.] 

Pressure  in  the  Vas  Affercns. — The  pressure  in  each  vas  afferens  must  be 
relatively  great,  because  (ij  the  double  set  of  capillaries  in  the  kidney  offers  con- 
siderable resistance,  and  because  ( ^)  the  lumen  of  the  vas  efferens  is  narrower  than 
that  of  the  vas  afferens.  Hence,  owing  to  the  high  blood  pressure  in  the  capilla- 
ries of  the  renal  glomeruli,  filtration  must  take  place  from  the  blood  into  the 
Malpighian  cai>5ules.  When  the  vasa  afferentia  are  dilated,  e.  g.^  through  the 
action  of  the  nervous  system  on  their  smooth  muscular  fibres,  the  filtration  pressure 
is  increased,  while,  when  they  are  contracted,  the  secretion  is  lessened.  When 
the  pressure  becomes  so  diminished  as  to  retard  greatly  the  blood  stream  in  the 
renal  vein,  the  secretion  of  urine  begins  to  be  arrested.  Occlusion  of  the  renal 
vein  completely  suppresses  the  secretion  {H,  Afeyer,  r.  Frerichs).  Ludwig  con- 
cluded, from  this  observation,  that  the  filtration  or  excretion  of  fluid  could  not 
take  place  through  the  renal  capillaries  ^rt>/^r,  as,  owing  to  occlusion  of  the  renal 
vein,  the  blood  pressure  in  these  capillaries  must  rise,  which  ought  to  lead  to 
increased  filtration.  Such  an  experiment  points  to  the  conclusion  that  the  Ji//ra- 
tion  must  take p/me  through  the  capiHaries  of  the  glome m It.  The  venous  stasis  dis- 
tends the  vas  efferens,  which  springs  from  the  centre  of  the  glomerulus,  and 
compresses  the  capillary  loops  against  the  wall  of  the  Malpighian  capsule,  so  that 
filtration  cannot  take  place  through  them.  It  is  not  decided  whether  any  fluid 
is  given  off  through  the  convoluted  urinary  tubules. 

Pressure  in  Ureter. — As  Uie  bluad  pressure  in  the  renal  ancr>'  is  iboat  130  to  140  mm,  Hg, 
and  the  ahne  in  the  ureter  is  moved  along  by  a  very  slight  propelling  force,  to  (hat  a  counter- pressure 
of  from  10  { L&httt)  10  40  ram.  of  H^  is  sunident  to  irrc&t  its  How,  it  is  clear  that  the  blood  pressure 
cma  also  act  as  a  I'h  a  iergo  to  propel  the  urine  stream  through  the  ureter,  The  pressure  in  the 
ureter  is  measured  by  dividing  the  ureter  transversely  and  placing  a  manometer  in  it. 

fB)  Secretory  Activity  of  the  Renal  Epithelium. — The  degree  of 
concentration  of  the  urine  depends  upon  the  quantity  of  the  dissolved  constit- 
ucnia  which  has  passed  from  the  blood  into  the  water  of  the  urine.  The  secretory 
cells  of  the  convoluted  tubules,  by  their  own  proper  vital  activity,  seem  to  be 
able  10  uke  up,  or  secrete,  some,  at  least,  of  these  substances  from  the  blood 
{Bim'martt  Iffulenhain).  The  watery  part  of  the  urine,  containing  only  easily 
difftisibic  ^Its,  as  it  flows  along  the  tubutes  from  the  glomeruli,  extracts  or  washes 
out  these  substances  from  the  secretory  epithelium  of  the  convoluted  tubules. 

Experiments. — i.  Sulphindigotate  of  soda  and  sodium  urate,  when  injected 
into  the  blood,  pass  into  the  urme,  and  are  found  within  the  protoplasm  nf  the 
teiis  of  the  convoluted  tubules  [only  in  those  parts  lined  by  "  rodded  "  epithelium], 
but  not  in  the  Malpighian  capsules  (^Heidenhmn),  A  little  later,  these  substances 
are  found  in  the  lumen  of  the  urinary  tubules,  from  which  they  are  washed  out  by 
the  watery  i>art  of  the  urine  coming  from  the  glomeruli.  If,  however,  two  days 
before  the  injection  of  these  substances  into  the  blood,  the  cortical  f>art  of  the 
kidney  containing  the  Malpighian  capsules  be  cauterized  [i^-^m  by  nitrate  of  silver] 
(Heidenhain),  or  simply  be  removed  with  a  knife  {Iloegyes)^  the  blue  pigment 
remains  withm  the  convoluted  tubules.     It  cannot  be  carried  onward,  as  the  water 
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which  should  carry  it  along  has  ceased  to  be  secreted,  owing  to  the  destruction  of 
the  glomeruli.  This  experiment  also  goes  to  show  that,  through  the  g/om^niM \hc 
watery  part  of  the  urine  is  chiefly  excretedy  while  through  the  convoluted  tubuUi  Ai 
specific  urinary  constituents  are  excreted.  Uric  acid  satts^  injected  into  the  blood, 
were  observed  by  Heidenhain  to  be  excreted  by  the  convoluted  tubules.  Voo 
Wittich  had  previously  observed  that  in  h'nls,  crystals  of  uric  acid  were  excrtted 
by  the  epithelium  of  the  convoluted  tubules.  [The  presence  of  crystal*  of  uric 
acid  in  the  renal  epithelium  was  observed  by  Bowman,  and  used  as  an  arguoKill 
to  support  his  theory.]  Nussbaum,  in  1S7S,  stated  that  ur^ci  is  secreted  by  the 
urinary  tubules,  and  not  by  the  glomeruli. 

The  same  is  true  for  the  &iU  pigments  (A/oiius,  iS^y),  (at  the  troH  talis  u(  the  rcgetable  ioJi 
wh«n  injected  suL>cutaneoukly  (  Gtan>tcke\,  and  for  bicmoglobin  {Landois).  After  the  iajecUoa  ol 
milk  into  the  blood  vessels,  numerous  fatty  granules  occur  within  the  epilheUnin  of  tbt  vaStmj 

lulmlcs  (g  102). 

[Nussbaum's  Experiments. — In  the  frog  and  newt,  the  kidney  is  sopfilied 
with  blood  in  a  different  manner  from  that  obtaining  in  mammals.  The  gloracmli 
are  supplied  by  branches  of  the  renal  artery.  The  tubules  are  supplied  by  the 
renal-portal  vein.  The  %ein  coming  from  the  posterior  extremities  divides  at  the 
upper  end  of  the  thigh  into  two  branches,  one  of  which  enters  the  kidney,  and 
breaks  up  to  form  a  capillary  plexus  which  surrounds  the  urinifcrous  tubules,  bol 
this  plexus  is  also  joined  by  the  efferent  vessels  of  the  glomeruli.  These  two  sj-jtem* 
are  jiartly  independent  of  each  other.  By  ligaturing  the  renal  artery,  Nussbaum 
asserted  that  the  circulation  in  the  glomeruli  was  cut  off,  while  ligature  of  the 
renal-portal  vein  excluded  the  functional  activity  of  the  tubules.  By  injectiog  * 
substance  into  the  blood  after  ligaturing  either  the  artery  or  renal-portal  vein,  and 
observing  whether  it  occurs  in  the  urine,  he  infers  that  it  is  given  off  either  by  the 
glomeruli  or  the  tubules.  Sugar,  peptones,  and  egg  albumin  rapidly  pass  through 
an  intact  kidney,  but  if  the  renal  artery  be  tied  they  are  not  excreted.  6Wjwhct» 
injected  into  the  circulation  is  excreted  after  the  artery  is  tied,  so  that  it  is  excreted 
through  the  tubules,  but  at  the  same  time  it  takes  with  it  a  considerable  quaotitv 
of  water.  Thus  water  is  excreted  in  two  ways  from  the  kidney,  by  the  glomenili 
and  also  from  the  venous  plexus  around  the  tubules  along  with  the  urea.  /nJtft 
carmine  merely  passes  into  the  tubular  epithelium  of  the  convoluted  tubules,  but 
it  does  not  cause  a  secretion  of  urine.  Albumin  passes  through  the  glomeruli,  bat 
only  after  their  membranes  have  been  altered  in  some  way,  as  by  clamping  the 
renal  artery  for  a  time.] 

[Adami's  Experiments  on  the  kidney  of  the  frog  clearly  show  that  N'ob- 
bautu's  conclusions  are  not  justified,  for  Adami  found  that  if  the  renal  arteries  in 
the  frog  be  ligatured,  within  a  few  hours  a  collateral  circulation  is  esublished, aod 
a  certain  amount  of  blood  (lows  through  the  kidney.  He  proved  this  by  mjcttinj 
mto  the  blood  carmine  or  painter's  vermilion,  in  a  state  of  fine  suspension,  and 
after  ligature  of  the  renal  arteries  he  found  it  in  many  of  the  glomeruli,  while  Uky 
blood  similarly  injected  revealed  its  presence  as  menisci  of  Hb  m  the  Malpighiin 
capsules.  Even  secretion  of  some  urine  may  go  on  after  ligature  of  the  rcMl 
arteries.  It  is  evident,  then,  that  Nussbaum's  method  is  not  a  reliable  oac  tof 
locating  the  parts  of  the  kidney  through  which  certain  substances  arc  excreted.] 

[Adami's  experiments  also  give  some  support  to  Heidenhain's  view  that  inc 
glomerular  epithelium  '*  possesses  powers  of  a  selective  secretory  nature;"  for  be 
finds  that  in  frogs,  after  ligature  of  the  renal  arteries,  where,  of  course,  the  pr»- 
sure  in  the  glomeruli  is  just  nearly  that  in  the  veins,  and  in  the  dog  after  seclioa 
of  the  spinal  cord,  so  that  the  blood  pressure  has  fallen  below  40  mm.  Hg,  whereby 
the  secretion  of  urine  is  arrested  ;  the  injection  of  laky  blood  causes  Hb  loappe»f 
in  the  capsules,  although  there  is  no  simultaneous  excretion  of  water.] 

Excretion  of  Pigments. — Only  during  very  copious  excretion  does  the  capsale  p«fliOf*M- 
After  the  introduction  of  a  Urge  amouoi  of  sodic  sulphinutgoiate,  and  when  ihe  experioo*^ 
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liy«d  for  ■  long  time,  the  epilheltum  of  the  capsule  becomes  hlae  {Arnold  ami  Pamtynski),  In 
tlbuminuria  the  aUnormnl  excretion  of  urine  takes  place  'fyjn  in  the  uiinniy  lubules,  and  after- 
ward in  the  capsules  {Sfnator);  Hb  is  partly  found  m  the  capsules  {GHitintr,  Bridgts  Adams). 
According  to  Nuubaum,  egg  albumin  passei  out  through  the  capsule, 

a.  Even  when  the  secretion  of  the  watery  part  of  the  urine  is  completely 
arrested,  either  by  ligature  of  the  ureter,  or  after  a  very  great  fail  of  the  blood 
pressure  in  the  renal  artery  [as  af^er  section  of  the  cervical  spinal  cord],  the  before- 
mentioned  substances,  when  injected  into  the  blood,  are  found  in  the  cells  of  the 
convoluted  tubules.  The  injection  of  urea  under  these  circumstances  causes  re- 
newed secretion.  These  facts  show  that,  independently  of  the  filtration  pressure, 
the  secretory  activity  of  these  ceils  is  still  maintained  {Heidenhain^  Neisser,  Ustimo- 
witscht  Gmtzner). 

Ttie  independent  vital  activity  of  the  secretory  cells  of  the  orinary  lubules,  which  as  yet  we 
iLTc  uTuMe  to  expUio  on  purely  phy-tical  |>rouii<ts.  renders  it  probable  that  llie  tubules  are  not  to  be 
compared  to  an  apparatus  provided  with  physical  membranes.  This  is  proved  by  the  following  ex- 
periment :  Abelcs  caused  arterial  bluod  lo  circulate  through  freshly  excised  living  kidneys.  A  pale, 
urineUke  fluid  dropped  from  the  ureter.  On  adding  some  urea  or  sugar  to  the  blood,  Uie  secretion 
became  more  concent  rated.  Thus  the  excised  living  kidney  alsf>  excretes  substances  in  a  more  con* 
centrated  form  than  when  supplied  to  it  in  the  diluted  blood  streaming  thiough  it. 

Salts  and  Gases. — The  vital  activity  explains  why  the  serum  albumin  of  the  blood  does  not 
pass  into  the  urine,  while  egg  albumin  and  dissolved  haemoglobin  readily  do  so.  Among  the  ta/fs 
which  occur  in  the  blood  and  blood  corpuscles,  of  course  only  those  in  solution  can  pass  into  the 
urine.  Those  which  are  united  with  proteid  bodies,  or  are  Hkcd  in  the  cellular  eleme[it:!t,  cannot 
pass  am,  or  al  least  only  after  they  have  been  split  up.  Thus  we  may  explain  the  diHercnce  lietween 
the  sall>  of  the  urine  and  tliuse  of  the  blood.  Similarly,  tlie  urine  can  only  contain  the  absorbed 
and  not  ihe  chemiciilly  united /hj^'j. 

Lig^ature  of  the  Ureter. — If  the  secretion  be  arrested  by  compression  or  by  ligature  of  the 
orelcr,  the  lymph  spaces  of  the  kidney  become  filled  with  fluid,  which  may  pass  into  the  blood,  so 
that  the  organ  becumes  oedematous,  owing  to  the  passage  of  fluid  into  its  lymph  spaces.  The  secre- 
tion undergoes  a  change,  as  6rst  water  passes  back  into  the  blood,  then  the  sudic  chloride,  sniphuric, 
aiid  phuaphoric  acids  diminish,  and  lastly  the  urea  (C /.hj^i^,  ^1/ax  /fenmann].  Krcatinin  is 
siiU  present  in  considerable  amount.     There  is  no  longer  secretion  of  proper  urine  {Lode/l). 

Non- Symmetrical  Renal  Activity.— It  is  remarkable  that  both  kidneys  do  not  Mcrcte  sym- 
metrically—there  is  an  alternate  condition  of  hyperemia  and  secretory  activity  on  opposite  sides 
(I  lOo).  One  kidney  secretes  a  more  watery  urine,  which  at  the  same  lime  contains  more  NaCI 
and  urea  {/.udwig.  At.  /tfrrmann).  Von  Wiltich  observed  that  the  excretion  of  uric  acid  was  not 
uniform  in  all  the  urinary  tubules  uf  the  same  bird.  Extirpation  of  one  kidney,  or  disease  of  one 
kidney  in  man,  does  not  seem  to  diminish  the  secretion  (/tosemiein).  The  remaining  kidney 
become*  more  active  and  larger. 

Rembsorption  in  the  Kidney. — In  disctusing  the  secretion  of  the  kidney,  we  must  attach  con- 
siderable importance  to  the  variations  in  the  calibre  of  the  renal  tubules  in  their  course.  Perhaps 
in  the  narroning  of  the  descending  part  of  the  looped  tubule  of  Henle  there  may  be  either  a  rcab- 
soqjtion  of  water,  so  that  the  urine  becomes  more  concentrated,  or  there  may  be  ak»orpiJoa  even  of 
albumin,  which  may,  per{>hAp5,  pass  through  the  glomeruli  in  small  amount.  [That  reabsorption 
of  fluid  takes  place  within  the  kidney  was  part  of  Ludwig's  theory,  which  is  practically  a  process  of 
filtration  and  reabsorption.  HUfner  pointeil  out  that  the  structure  of  the  kidneys  of  various  classes 
of  veftel'rates  corresponded  clo^iely  with  the  reijuirements  for  realMoqition  of  water.  The  experi- 
ments of  Kibbcrt  show  that  the  urine  actually  secreted  in  the  cortex  of  the  kidney  is  more  watery 
than  that  secreted  normally  by  the  entire  oigan.  He  extirpated  the  medullary  portion  in  rabbits, 
leaving  the  ctirtical  part  intact,  and  in  this  way  collected  the  dilute  urine  from  the  Malpighian  cor- 
puscles licfore  it  passed  through  Hcnlc's  loops.] 

274.  FORMATION    OF  THE    URINARY   CONSTITUENTS.— 

The  question  has  often  been  discussed,  whether  all  the  urinary  constituents  are 
merely  excreted  through  the  kidneys,  /.  e.,  that  they  exist  pre-formed  in  the 
blood  ;  or  whether  some  of  them  do  not  exist  pre-formed  in  the  blood,  but  are 
formed  within  the  kidneys,  as  a  result  of  the  activity  of  the  renal  epithelium. 

Seat  of  Urea  Formation.  Urea  formed  outside  the  Kidney. — In 
considering  the  formal  ion  of  urea,  we  have  to  ascertain  if  it  is  formed  within  the 
kidney  or  outside  of  it.  Urea  exists  pre-formed  in  the  blood,  from  which  it  is 
separated  by  the  activity  of  the  kidney.  This  is  proved  by  the  following  con- 
siderations : — 
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I,  The  blood  conlains  one  pari  of  urea  in  3000  to  5000  pans  (Fr.  Simon,  t84i)%  bat  Uw  rcaal 
vein  contains  less  urea  than  the  blood  of  the  corresponding  artery  [Pitanu  i8j6:  Grtitat). 
This  fact  is  in  favor  of  the  excretion  of  urea  from  the  blood. 

1,  After  extirpation  of  the  kidneys,  or  nephrotomy  ( Prfvost  and  Dumas),  or  after  ligiiutt «f 
the  renal  vessels,  the  amount  of  urea  accumulates  in  the  blood  iA/etjiHtr,  v.  l'i*it),  and  inaaM 
with  the  duration  of  the  experiment  to  rin  to  -^  (  GriMant).  At  the  same  time  iheic  11  voruiJb( 
and  diarrhrra,  and  ihe  Ruids  so  voided  contain  urea  (C7.  Bernard,  SartrwiU).  AoimaJs  dk  n 
from  one  to  three  days  after  the  operation. 

3.  After  Hgalure  of  the  ureters,  the  secretion  of  urine  is  soon  arrested.  Urea  accumulaininfbc 
blood,  hut  not  10  a  greater  extent  than  after  nephrotomy.  It  is  possible,  however,  that  the  kidoCTit 
like  other  organs,  may  form  a  small  amount  of  urea,  due  to  the  metabolism  of  their  own  ttaua. 

[Urea  exists  in  the  blood ;  whence  does  the  blood  derive  it  ?  It  can  only  obtain  It  CraaMC 
or  more  of  several  organs — (1)  muscle;  (2)  nervous  .ly.stem  ;  and  (1)  glands,  of  which  the  &ycr  d 
the  mcBt  prominent.     This  is  best  stated  by  the  method  of  exclusion,! 

[1.  'I'hut  urea  i>  not  formed  in  muscle  is  shown,  among  other  conniderations,  by  the  fact  thitodf 
a  trace  of  urea  occurs  in  muscle  {\  293),  and  that  amount  is  not  increased  by  exerciie.  HM 
which  has  been  transfused  through  a  muscle,  or  the  blood  after  circulating  in  a  muscle  during  vioktt 
.exercise,  does  not  contiin  an  increase  of  urea,  nor  does  the  addition  of  ammonia  carbcwaie  to  blood 
circalaling  through  muscle  show  any  increase  of  urea  {Crihani,  Quinyuand,  Salomon^.  Apin, 
muscular  exertion  does  not  {as  a  rule)  increase  the  amount  of  urea  in  the  urine,  as  shown  bj  tbtf 
experiments  of  Fick  and  Wislicenus  \\  394),  Parkes,  and  others.  The  excrctioa  chietiy  incrcmd 
by  muscular  exertion  is  pulmonary  CO,  (|  127).] 

[2.  From  what  we  know  of  Ihe  nervous  system,  it  is  not  formed  there.  We  are  therefore  (orcri 
to  consider  the  evidence  as  to  the  liver  as  the  organ,  or,  at  leut,  the  chief  organ  in  which  it  ii 
formed.  This  evidence  is  in  some  respects  contradictory,  but  It  is  partly  experimental  and  [Wtlf 
clinical.  Although  Hoppe-Seyler  denies  the  existence  of  urea  in  the  liver,  its  existence  Uere  m 
proved  by  Gscheidlen ;  and  Cyon,  on  passing  blood  through  an  excited  liver  by  the  **  pcrfosiea" 
or  "  DurchstrOmung  "  method  of  Ludwig,  found  that  blood,  after  being  passed  several  times  thretgh 
the  organ,  contained  an  irtcreasfd  amount  of  urea.  The  objection  to  these  experiments  b,  iW 
Cyon's  method  of  estimating  the  urea  was  unreliable.  Hut  von  Schrvder,  using  a  nmilsr  method, 
fmds  that  if  blood  be  perfused  though  the  liver  of  a  dc^  in  full  digestion,  there  is  a  great  increne  kl 
the  amount  of  urea,  while  there  is  none  in  the  liver  of  a  fasting  dog.  If  ammonia  carbonate  bt 
added  to  the  blood,  there  is  a  very  much  greater  amount  of  urea  in  the  blood  of  the  hepitk  vcia. 
This  last  fact  is  confirmed  by  Salomon.  The  experiments  of  Minkowski  on  the  livet  of  the  gooN 
i\  386)  show  that  when  the  liver  is  excluded  from  the  circulation,  lactic  acid  takes  the  place  oiwnt 
acid  in  this  bird.  Brouardel  further  states,  that  if  the  region  of  the  liver  be  so  beaten  as  to  cum 
congestion  of  that  organ,  there  is  an  increase  of  the  urea  in  the  urine.] 

[The  clinical  evidence  points  strongly  to  the  formation  of  urea  in  the  liver.  Parker  poinleil  nei 
that  in  hepatic  abscess,  during  the  enrly  congestive  stage,  the  urea  in  the  urine  is  increased,  while  ii 
is  diminished  in  the  suppurative  stage,  when  the  hepatic  parenchyma  is  destroyed.  The  urea  u  iJao 
diminished  in  cancer  of  the  liver,  phthisis,  and  some  forms  of  hepatic  cirrhosis,  while  it  is  increased 
during  hepatic  congestion,  and  specially  so  in  some  cases  of  diabetes  mellitus.  The  most  MnhiBit 
fact  of  all  is  thai,  in  acute  yellow  atrophy  of  the  Uver,  the  orea  is  cnonnously  diminished  mtbt 
urine,  and  may  even  di.u[)]}ear  from  it,  while  its  place  is  taken  hy  the  intermediiite  pioduct*.  Icucm 
and  tyrosin  {v.  Frtrickx),  In  poisoning  by  phosphorus,  coinddcni  with  the  atrophy  of  the  liw. 
there  is  a  fall  in.ihe  urea  excretion.  1%'oel-Pnton  hnds  that  some  drugs  which  increase  the  >'{aaBnii' 
of  bile  in  dogs  in  a  stale  of  N  equilibrinm  ({  i78),sodic  salicylate  and  ben^iDate,  colchicum,  mcrcanc 
chloride  and  euonymin  also  increase  the  urea  in  the  urine;  he  therefore  concludes  "that  the  torau- 
tion  of  urea  in  the  Uver  bears  a  very  direct  relationship  to  the  secretion  of  bile  by  thai  oigaa''] 

As  to  the  antecedents  of  urea  there  is  the  greatest  doubt  (§  256). 

Seat  of  Uric  Acid  Formation.     Uric  acid  formed  outside  the  kidneys. 

I.  Birds'  blood  normally  contains  uric  acid  [Meismer').  Ligature  of  their  ureters  or  blood  vgsel> 
{Pau/iittoff),  or  the  gradual  destruction  of  their  secrciory  parenchyma  by  the  sul^cutaneous  injeoio* 
of  neutral  potassium  chromale  {Ehtein),  is  followed  by  the  deposition  of  uric  acid  in  the  joints  Hii 
tissues,  and  il  may  even  form  awhile  incrustation  on  the  serous  membranes.  The  brain  rcnaiaa  bv 
{Gaivani,  1767;  ZaUsJhy,  Oppier).  Acid  urates  of  ammonia,  soda,  and  magnesia  are  alaoMiulBlf 
deposited  {Coiatanii),    Extirpation  of  a  snake's  kidneys  gives  the  same  result,  but  to  a  tcvdegret 

[2.  Minkowski  found  that,  after  excluding  the  liver  from  the  circulation,  lactic  acid  took  tbe  plKt 
of  uric  acid  in  the  urine  (p.  298).] 

SThe  latter  experiments  point  to  the  formation  of  uric  acid  in  the  Uver  in  birdi, 
this  is  supposed  to  be  strengthened  by  the  appearance  of  the  deposition  of 
urates  in  the  urine  in  certain  disorders  of  digestion.]  Von  Schrceder  and  Cd«' 
sanii,  however,  as  the  result  of  their  experiments  upon  snakes,  come  (o  ihecoD' 
elusion  that  there  is  no  special  organ  concerned  in  the  formation  of  uric  acid. 
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Kfppuric  acid  is  partly  formed  in  the  kidney,  for  the  blood  of  herbirora  does  not  coniain  a 
trace  of  it  { Miiiiner  and  Shc^trd ).  In  rabbit-s.  [xrhnpi  it  is  formed  synthetical!/,  in  other  tiisues 
u  well  u  in  [he  kidney.  If  bload  containing  sodic  benzoate  and  glycin  be  passed  through  the 
blood  vessel*  of  a  fresh  kidney,  hippuric  acid  is  farmed  {\  260)  {Bun^e,  Si^hmiedthtn^,  A*crAx), 
[The  other  evidence  is  given  in  §  260.  ]  Kreatinin  ho»i  intimate  relations  to  kreatin  of  muscle,  but 
where  it  is  formed  is  not  known.  If  />4^»w/and  pyroVatechin  are  di^ejvtcil  alonn  with  fresh  renal 
suhitanee^  a  fi-mfiaum/  0/ su//>^urie  *ia*/ similar  to  that  occurring  in  urine  (J  262)  is  formed.  The 
latter  ^ubstiincc,  however,  is  also  formed  by  similarly  digesting  liver,  pancreas,  and  muscle.  It  is 
conducled  from  these  experiments  that  these  substances  are  formed  in  llie  body  within  the  kidneys, 
and  the  other  organs  mentioned  (AWAs). 

CbemiBtry  of  the  Kidney. — The  kidneys  contain  a  very  targe  amount  of  water.  Besides  serum 
albumin,  globulin,  albumin  soluble  in  sodium  carbonate  {Giyttxoali),  gelatin-yielding  substances,  fat 
in  the  epithelium,  ebsiic  substance  derived  from  the  membrana  propria  of  the  tubules,  the  kidneys 
conuin  leucm.  xanthin,  hypoxanthin,  kreatin,  laiirin.  inosit,  cystin  {the  last  in  no  other  tissue),  but 
only  in  very  small  amount.  The  occurrence  of  these  hubstances  points  to  a  lively  metaboli»m  in 
the  kidneys,  which  is  also  proved  by  the  liberal  supply  of  blood  they  receive. 

Blood  Vessels, — The  kidne)-s  receive  a  very  large  supply  of  blood,  and  dur; 
ing  secretion  of  the  blood  of  the  renal  vein  is  bright  red  (C/.  Bernard).  [In 
the  dog  the  diameter  of  the  renal  artery  maybe  diminished  to  .5  mm.  without  the 
amount  of  blood  flowing  through  the  kidney  being  thereby  greatly  interfered  with. 
Hence,  within  wide  limits,  the  amount  of  blood  is  independent  of  the  size  of  the 
artenal  lumen,  and  is,  therefore,  dependent  on  the  blood  pressure  in  the  aorta, 
and  the  resistance  to  the  blood  current  within  and  beyond  the  kidney  {Heitien- 
haw).'\ 

The  reactioi)  of  the  kidney  is  acid,  even  in  those  animals  whose  urine  is  alkaline.  Perhaps  this 
fact  it  coanected  with  the  retention  of  the  albumin  in  the  vessels  {ffeymiut). 

375.  PASSAGE  OP  VARIOUS  SUBSTANCES  INTO  THE  URINE.— i.  The  fol- 
lowing  substance<i  pas&  unchanged  into  t)ie  urine  ;  Sulphate,  borate,  silicate,  nitrate,  and  carbon- 
ate of  the  alkabcs ;  alkaline  chlorides,  bromides,  iodides ;  potassium  sulphocyanidc  and  ferrocyanide  ; 
bile  salts,  urea,  kreatinin  ;  cumaric,  oxalic,  camphoric,  pyrogallic,  and  carbolic  acids.  Many  aiJtn- 
toids,  e.  g^.,  morphia,  strychnia,  curara,  quinine,  caffcin;  pii^mettt!,  sulpliindigotate  of  soda,  carmine, 
madder,  logwood,  coloring  matter  of  cranberries,  cherries,  rhubarb;  sintonin  ;  lastly,  salts  of  gold, 
aUver,  mercury,  antimony,  arsenic,  bismuth,  iron  [bat  not  lead),  although  the  greatest  part  of  these 
is  excreted  by  the  bile  and  the  tazccs,. 

2.  Inorganic  acids  reappear  in  man  and  Cfimivoraas  nentral  salts  of  ammonia  {Sehmeideherf^  and 
Walter,  Jft%Uervorden)\  in  herbivora,  as  nemral  salts  01  the  alkalies  {E.  Satkowiki). 

3.  Certain  substances  which,  when  injected  in  small  amount,  seem  to  be  decomposed  in  the 
blood,  pass  in  part  into  the  urine,  when  they  occur  in  such  large  amount  in  the  blood  that  they  cao- 
no(  l>e  completely  decomposed — sugar,  hxmoglobin,  egg  albumin,  alkaline  salts  of  the  vegetable 
acids,  alcohol,  chloroform. 

4.  Many  sul«tances  .ipprar  in  an  oxidiied  form  in  the  urine — moderate  quantities  of  vegetable 
alkaline  salts  as  alkaline  carbonates  (  If'BA/er),  uric  acid  in  part  as  allantoin  {SaJAi»i's/ki\,  sulphides 
and  sulphites  of  soda,  in  pait  as  sudium  sulphate,  poiaasium  sulphide  as  potatstuiD  sulphate,  some 
ozyduUas  oxides,  benr^I  as  phenol  {jVaumyn  and  SckuJien), 

5.  Those  IkmIics  which  are  completely  decomposed,  as  glycerin,  resini,  give  rise  to  no  special 
derivatives  in  the  urine. 

6.  Many  subMances  combine  and  appear  as  conjugated  compounds  in  the  urine,  e.g.t  the  origin 
of  hippuric  acid  liy  conjugation  {\  260),  the  conjugation  of  sulphuric  acid  i\  262),  and  ihe  forma- 
tion of  urea  by  »yiiihcsis  from  carbamic  acid  and  ammonia  {Drtthstl)  (J  256).  After  the  use  of 
camphor,  chloral,  or  buiylchloral,  a  conjugated  compound  with  glycuronic  acid  (an  acid  nearly 
related  to  sugar)  appears  in  the  urine.  Taurin  and  sarcosin  unite  with  sulphaminic  acid.  When 
tifomphenol  is  given,  it  unites  with  mercaptaric  acid,  a  body  nearly  related  10  cystin  {\  26S). 

7.  Tannic  acid,  C.^HigO.,,  takes  up  H.O.  and  is  decomposed  into  two  molecules  of  gallic  add 
=  2(C  H.O,). 

K.  The  iodaies  of  potash  and  soda  are  reduced  to  iodides  ;  malic  acid  (CjHgO,)  partly  to  suc- 
cinic acid  (C,H«Oj) ;  indigo  blue  (CjiH^oNjO,)  takes  up  hydrogen  and  becomes  indigo  white 

9.  Some  But^iances  do  not  pass  into  the  unne  at  all,  ^./.,  oils,  insoluble  metallic  sails  and 
metals. 

276.  INFLUENCE    OF    NERVES   ON  THE  RENAL  SECRE- 

TION. — At  the  present  time  we  are  acquainted  merely  with  the  influence  of  the 
vasomotor  nerves  on  the  filtration  of  the  urine  through  the  renal  vessels.  Each 
30 
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kidney  seems  to  be  supplied  with  vasomotor  nenes,  which  spring  from  bath  balm 
of  the  spinal  cord  {Nico/aiiirs),  As  a  general  rule,  dilatation  of  the  branches  of 
the  renal  artery,  chiefly  the  vasa  aflferentia.  must  raise  the  pressure  within  iheglotn* 
eruli,  and  thus  increase  the  amount  of  water  filtered  through  them.  The  more  the 
dilatation  is  confined  to  the  area  of  the  renal  artery  alone,  the  greater  b  the 
amount  of  the  urine.  [.'\s  yet  we  only  know  that  the  nervous  system  influences 
the  secretion  of  urine  only  in  so  far  as  it  modifies  the  pressure  and  velocity  of  the 
blood  current  in  the  kidney.  We  have  no  satisfactory  evidence  of  the  existence 
of  direct  secretory  nerves  in  the  kidney.] 

I.  Renal  Plexus  and  its  Centre. — Section  of  the  nerves  of  the  rentl  plaia 
— the  nerves  around  the  renal  artery — generally  causes  an  increase  in  the  sectetioD 
of  urine  [hydruria  or  polyuria]  ;  sometimes,  on  account  of  the  great  rise  of  the 
pressure  within  the  glomeruli,  albumin  passes  into  the  urine  (and  there  may  be 
rupture  of  the  vessels  of  the  glomeruli),  leading  to  the  passage  of  blood  into  li»e 
urine.  The  nerve  centre  for  these  renal  nerves  lies  in  the  floor  of  the  fourth 
ventricle,  in  front  of  the  origin  of  the  vagus.  Injury  to  this  pan  of  the  floor  of 
the  fourth  ventricle,  ^.  ^^,by  puncture  (piqurc),  may  increase  the  amount  of 
urine  (diabetes  insipidus),  which  is  sometimes  accompanied  by  the  simtilta* 
neous  appearance  of  albumin  and  blood  in  the  urine  [CL  Bernard  ),  Section  of 
the  parts  which  lie  directly  in  the  course  of  these  fibres,  as  they  pass  from  the 
centre  in  the  medulla  to  the  kidney,  produces  the  same  effects.  Close  to  this 
centre  in  the  medulla,  there  lies  the  centre  for  the  vasomotor  nerves  of  the  liver, 
whose  injury  causes  diabetes  mellitus  (§  175).  Eckhard  found  that  stimulntton 
of  the  vermiform  process  of  the  cerebellum  produced  hydruria.  In  roan,  siimuU 
tion  of  these  parts  by  tumors  or  inflammation,  etc.,  produces  similar  results. 

3.  Paralysis  of  Limited  Vascular  Areas. — If,  simultaneously  wuh  the 
paralysis  of  the  nerves  of  the  rena!  artery,  the  nerves  of  a  neighboring  large  vas- 
cular area  be  paralyzed,  necessarily  the  blood  pressure  in  the  renal  artery  area 
win  not  be  so  high,  as  more  blood  flows  into  the  other  paralyzed  province. 
Under  these  circumstances,  there  may  be  only  a  temporar)',  or,  indeed,  no  increase 
of  urine,  provided  the  paralyzed  area  be  sufficiently  large.  There  is  a  moderate 
increase  of  urine  for  several  hours  after  section  of  the  splanchnic  nerve.  This 
nerve  contains  the  renal  vasomotor  nerves  (which,  in  part,  at  least,  leave  the  spinal 
cord  at  the  lirst  dorsal  nerve  and  pass  into  the  $ymi>athetic  nerve),  but  it  also  coo* 
tains  the  vasomotor  nerves  for  the  large  area  of  the  intestinal  and  abdominil 
viscera.  Stimulation  of  this  nerve  has  the  opposite  effect  (  CI.  Bernard,  Eckhari). 
[The  polyuria  thus  produced  is  not  so  great  as  after  section  of  the  renal  nerio. 
because  the  splanchnic  supplies  such  a  large  vascular  area,  that  much  blood  accu 
mutates  in  that  area^  and  also  because  all  the  renal  nerves  do  not  ran  in  the 
splanchnics.] 

3.  Paralysis  of  Large  Areas.— If,  simultaneously  with  paralysis  of  the 
renal  nerves,  the  great  majority  of  the  vasomotor  nerves  of  the  body  be  paralvied 
[as  by  section  of  the  medulla  oblongata],  then,  owing  to  the  great  dilatation  of 
alt  these  vessels,  the  blood  pressure  falls  at  once  throughout  the  entire  arterial 
system.  The  result  of  this  may  be,  provided  the  pressure  is  sufficiently  low,  tint 
there  is  a  great  decrease,  or,  it  may  be,  entire  cessation  of  the  secretion  of  orine. 
The  secretion  is  arrested  when  the  cervical  cord  is  completely  divided,  down  even 
as  far  as  the  seventh  cervical  vertebra  (Eckhard).  The  polyuria  caused  by  iojoty 
to  the  floor  of  the  fourth  ventricle  at  once  disappears  when  the  spinal  cond  (eves 
down  to  the  twelfth  dorsal  nerve)  is  divided. 

[.As  already  stated,  section  of  the  renal  nerves  is  followed  by  polyuria,  owing  to  the 
increased  pressure  in  the  glomeruli,  but  this  polyuria  may  be  increased  byitimo* 
lating  the  spinal  cord  below  the  medulla  oblongata,  because  the  contraction  ofth^ 
blood  vessels  throughout  the  body  still  further  raises  the  blood  pressure  within  the 
glomeruli.  If,  however,  the  spinal  cord  be  divided  below  the  medulla  oblongiO 
— the  renal  nerve  being  also  divided — the  polyuria  ceases,  because  of  the  Wl« 
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the  general  blood  pressure  thereby  produced.  Merely  dividing  the  spinal  cord  in 
ihc  dorsal  region  also  diminishes  or  arrests  the  secretion  of  urine,  owing  to  the 
fall  of  the  blood  pressure,  but  animals  recover  from  this  operation,  the  general 
blood  pressure  rises,  and  with  it  the  secretion  of  urine.  Stimulation  of  the  cord 
below  the  medulla  arrests  the  secretion,  as  it  causes  contraction  of  the  renal 
arteries  alony  with  the  other  arteries  of  the  body.] 

[Volume  of  the  Kidney — Oncometer. — By  means  of  the  plethysmograph 
(§  loi)  wf  c-in  measure  the  variations  in  the  si^c  of  a  limb,  while  by  the  oncograph 
(ofxui^  volume)  similar  variations  in  the  volume  of  the  spleen  are  measured  (§  103). 
Roy  and  Cohnhcim  have  measured  the  variations  ni  the  volume  of  the  kidney  by 
means  of  an  instrument  which  consists  of  two  parts,  one  termed  the  oncometer 
or  rtnal plethyimometer^  in  which  the  organ  is  enclosed,  while  the  other  j>art  is 
Ithe  registering  portion  or  oncograph.  The  kidney  is  enclosed  in  a  metallic 
'capsule  sha])^  like  the  kidney  (1'  ig-  265 ),  and  it  is  comi>oscd  of  two  halves  which 
move  on  a  hinge.  A,  to  introduce  the  organ.  The  renal  vessels  |»ass  out  at  a,  xk 
The  kidney  is  surrounded  with  a  thin  membrane,  and  between  this  membrane  and 
the  inner  surface  of  the  capsule  is  a  space  filled  with  warm  rf// through  the  tube, 
I,  which  is  closed  by  means  of  a  stoiKiock  after  the  s|)ace  is  filled  with  oil.  The 
tube,   r,  can  be   made  to  communicate   with  another  tube,   T,,  leading  into  a 
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OsCDVWIcr.  K,  kidmcy  ;  the  thick  lin«  it  tbc  in«1xl< 
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Oncograph.    C, chamber  filled  with  all,  comnunlcailng  by  T| 
with  T  ;  /,  pistgn .  /,  writing  lever  {Stiriii^,  «/Ut  Xty). 


metallic  chamber,  C,  of  the  oncograph  (Fig.  266),  which  is  provided  with  a 
movable  piston,/,  attached  by  a  thread  lo  the  writing  lever,  /.  Any  increase  in 
the  size  of  the  organ  expels  oil  from  the  chamber,  O,  into  C,  and  thus  the  piston 
is  raised,  while  a  diminution  in  the  size  of  the  kidney  diminishes  the  fluid  in  C 
and  the  lever  falls.  The  actual  volume  of  the  living  kidney  depends  upon  the 
state  of  distention  of  its  structural  elements,  upon  the  amount  of  lymph  in  its  lymph 
spaces,  but  chiefly  upon  the  amount  of  blood  in  its  blood  vessels,  and  this  again 
must  depend  upon  the  condition  of  the  non-siriped  muscles  in  the  renal  arteries. 
When  the  vessels  dilate,  the  kidney  will  increase  in  size,  and  when  they  contract 
it  contracts,  so  that  we  can  register  on  the  same  revolving  cylinder  the  variations 
of  the  volume  at  the  same  time  that  we  record  the  general  arterial  blood  pressure.] 
[In  the  norma]  circulation  through  the  kidney,  the  kidney  curve,  /.  ^.,  the 
curve  of  the  volume  of  the  kidney,  runs  quite  parallel  with  the  blood-pressure 
curve,  and  shows  exactly  the  large  respiratory  undulations,  as  well  as  the  smaller 
elevations  due  to  the  systole  of  the  heart  (Fig.  267).  Usually,  when  the  blood 
pressure  falls,  the  kidney  curve  sinks,  and  when  the  blood  pressure  rises,  the  volume 
of  the  kidney  increases.  When  the  blood-pressure  curve  is  complicated  by  Traube- 
Hcring  waves  (§85),  the  opposite  effect  is  produced  on  the  kidney  curve;  the 
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highest  blood  pressure  corresponds  to  the  smallest  size  of  the  kidney,  and  con- 
versely. This  IS  due  to  the  fact  that,  when  these  curves  occur,  all  the  small  ijic- 
rioles — including  those  in  the  kidney — are  contracted.  A  kidney  placed  in  an 
oncometer  secretes  urine  like  a  kidney  under  natural  conditions.] 

[Arrest  of  the  respiration  in  a  curarized  animal  produces  a  rapid  and  great 
dinunuiion  of  llie  vohnne  of  the  kidney,  caused  by  the  venous  blood  slimtihtiag 
the  vasomotor  centres,  and  thus  contracting  the  small  arterioles,  including  thow 
of  the  kidney.  This  result  occurs  whether  one  or  both  splanchnics  are  dividtti, 
proving  that  all  the  vasomotor  nerves  of  the  kidney  do  not  reach  it  through  the 
splanchnics.  When  a// the  renal  nerves  at  the  hilum  are  divided,  arrest  of  the 
respiration  causes  dilatation  of  the  organ,  which  condition  runs  parallel  with  the 
rise  of  the  blood  pressure.  Stimulation  of  a  sensory  nerve,  e.  f.,  the  central  end 
of  the  sciatic  nerve,  while  causing  an  increase  of  the  blood  pressure,  makes  the 
kidney  shrink.] 

[In  poisoning  with  strychnin,  the  kidney  shrinks  while  the  blood  pressuit 
rises.  Stimulation  of  the  central  or  peripheral  end  of  the  splanchnics,  divided 
at  the  diaphragm,  causes  contraction  of  the  renal  vessels  of  both  sides  ;  the  former 
is  a  reflex,  the  latter  a  direct  effect.  Stimulation  of  the  peripher.\l  end  of «!/ 
splant  hnic  sometimes  affects  both  kidneys.  Stimulation  of  the  peripheral  end  of 
the  renal  nerves  always  causes  a  diminution  in  the  volume  of  the  kidney,  so  that 

Fig.  267. 
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Cohnheim  and  Roy  were  forced  to  conclude  that,  although  there  was  evidenced 
the  existence  of  vasomotor  and  sensory  nerves  to  the  kidney,  they  found 
none  of  the  vaso-dilator  nerves.  By  the  same  method,  Cohnheim  and  Roy  con- 
firmed absolutely  the  independent  action  of  the  two  kidneys.  The  sudden  com- 
pression of  one  renal  artery  had  not  the  slightest  effect  upon  the  blood  current 
of  the  other  kidney.  If  a  kidney  be  exposed  in  an  animal,  by  making  an  incisioo 
in  the  lumbar  region,  on  stimulating  the  medulla  oblongata  directly  with  eke- 
tricily,  we  may  observe  the  kidney  itself  becoming  paler,  the  pallor  appearing  in 
a  great  many  small  spots  on  the  surface  of  the  organ,  corresponding  to  the  distri- 
bution of  the  interlobular  arteries  ] 

[The  researches  of  Cohnheim  have  shown  that  the  composition  of  the  blood 
has  a  remarkable  effect  on  the  renal  circulation.  Some  substances  (water  and 
urea),  when  injected  into  the  blood,  cause  the  kidney  first  to  shrink  and  then  to 
expand,  while  sodic  acetate  dilates  the  kidney,  even  after  all  the  renal  nerves  jr^ 
divided — an  operation  which  is  very  difficult  indeed.  Provided  all  the  rewi 
nerves  be  divided,  these  effects  would  indicate  the  existence  of  some  local  intf*' 
renal  vasomotor  mechanism  governing  the  renal  blood  vessels.  The  geoe'^' 
blood  pressure  is  not  thereby  modified  ;  nor  need  we  wonder  at  this,  as  ligswre 
of  one  renal  artery  does  not  increase  the  pressure  in  the  aorta.] 

[Mosso  also  showed  that  the  blood  stream  through  an  excised  organ  was  nJfc* 
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Ltly  influenced  by  the  substances  mixed  with  the  blood  perfused.  This  effect 
ay,  in  pari,  be  due  to  the  action  of  these  cheraica!  ingredients  upon  the  nuclei 
the  endothelial  lining  of  the  blood  vessels,  especially  the  capillaries.] 
[The  reciprocal  relation  between  the  akin  and  the  kidneys  is  known  to 
ery  one.  On  a  cold  day,  when  the  skin  is  pallid,  owing  to  contraction  of  the 
laneous  vessels,  the  amount  of  urine  secreted  is  great,  and,  conversely,  in 
mmer  less  urine  is  passed  than  in  winter.  Washing  the  skin  of  a  dog  for  two 
ioutei  with  ice-cold  water  causes  a  great  contraction  of  the  kidney.] 

[Strychnin  seems  to  be  able  to  cause  contraction  of  the  renal  vessels,  indepcDdcntly  of  its  action 
the  general  vasomotor  centre.  Bninton  and  Power  found  that  digitalis  cauMd  an  increase  of  the 
»od  preuure  fdog),  but  the  secretion  of  urine  was  either  at  the  same  lirae  dimint&hed,  or  it  ceased 
ogctber.  The  Uucr  result  was  due  to  contraction  of  the  renal  bloud  vessels ;  but  when  the  aorlic 
NM  pressure  began  to  fall,  the  amount  of  urine  secreted  rose  much  above  normal,  i.  e.,  when  the 
eries  had  be^un  to  relax.] 

During  fever  ihc  renal  vessels  are  probably  contracted  it)  consequence  of  the  stimulation  of  the 
lal  centre  by  the  abnormally  warm  blood  {MrHJelsakm\. 

The  rcpieatcd  rc:<tpirittijn  of  CO  is  said  t\i  produce  polyuria,  perhaps  iti  consequence  of  paralysis 
the  renal  vasom<Hur  centre. 

Action  of  the  Vagus.— According  to  CI.  Bernard,  stimulation  of  the  vagus  at  the  cardia  in- 
the  urinary  M:crction,  while  .tt  the  same  time  the  blood  of  the  renal  vein  ttccoines  red.  It 
possible  that  tliis  nerve  may  contain  vaso  ddator  nerve  libres  corresponding  to  the  fibres  in  the 
:iaL  ner\-e  for  the  salivary  glands  (}  145). 

277.  URiEMlA— AMMONIiCMIA.— Symptoma  of  UrjEinia.— After  excision  of  the  kid- 

ya  (nephrotomy),  or  ligaitirc  cjf  tUc  urvter,  whereby  the  wcrctiun  of  urine  is  arrested;  in  man, 
as  a  result  of  certain  diseased  coiidiiions  of  ibe  kidney,  leadin)>  to  the  suppression  of  the 
rretiun  of  urine,  there  i»  developed  a  series  of  charactenstic  symptoms  which  are  followed  by 
axh.  The  condition  is  called  ura-mic  inloxicalton  or  uramta.  Besidex  marked  br.iin  phenomena, 
DWsincsi,  and  even  deep  coma,  there  are  occaiiunal  local  or  more  genera!  spastm.  Sometimes 
ere  is  tieiihutn  :  Cheytic-Slokes  phenomenon  is  often  observed  (\  in,  II).  and  there  may  be 
imking  and  diflrrlKca,  while  in  the  fiuid^  voided,  as  well  as  in  the  expired  air,  ammonia  may  some* 
DCS  be  detected. 

The  cause  of  these  phenomena  ha«  been  ascribcti  to  the  retention  in  the  blood  of  thuse  «ub* 
iDCes  which  normally  are  excrete<l  by  the  urine,  but  as  yet  it  has  not  been  de6nitely  ascertaine«l 
liich  uf  these  substances  causes  the  phenomena  : — 

I,  The  firu  thdught  is  to  ascribe  them  to  the  letenlion  of  the  urea.  v.  Voit  found  that  dogs  ex- 
bited  uni.-mtc  symptoms  if  they  were  fed  for  a  long  time  on  food  containing  urea  and  little  »-ater. 
Cissncr  found  that  in  nephroiomi^eil  animals,  the  iinvinic  symptoms  were  hastened  by  the  inicction 
area  mto  the  blood,  'llic  injection  nf  a  moderate  amount  of  urea  in  perfectly  sound  animals  is 
>t  followed  by  unemic  symptoms,  probably  because  the  urea  is  rapidly  excreted  by  the  kidneys; 
to  2  grms.  1 15  to  30  grains]  so  injected  produce  comatose  symptoms  in  rabbits. 
L  The  injection  of  ammonium  carbonate  producers  symptoms  resembling  those  of  uncmja,  so 
■  v.  Frerichs  and  Slannius  thought  that  the  urea  was  decomposed  in  the  blood,  yielding  ammo- 
Hm  carbonate— ammoniac mia.  Demjankow  ot>served  urxmic  phenomena  after  ncph'otomy, 
Eien  at  the  same  time  he  injected  the  urea  ferment  into  the  blood  ({  z6j).  Felt£  and  Ritter  oh. 
ined  urxmic  symptoms  in  dogs  by  injcciin):  salu  of  ammonia. 

3.  As  ligature  of  the  ureters  prottuces  a  comato^:  condition  in  those  animals  which  excrete  chiefly 
ic  acid  in  the  urine — ^.^'- ,  birds  and  snake*  1 /(//^j/i-^y) — it  is  possitile  that  other  substances  may 
oduce  the  poisonous  symptoms.  The  injection  of  krcaiin  causes  feebleness  and  contraction  of  the 
isclcft  in  dogs  {Meismtr).  Bernard,  Traube,  and  more  recently  Kelle  and  Kilter,  ascribe  the 
raptoma  to  an  accumulation  of  the  neutral  [>atassium  salts  in  the  blood  {\  54).  The  injection  of 
«stin,  succinic  acid  (jt/rrjrw^r),  uric  acid,  and  sodic  urate  (^aJt^^i  is  without  effect.  Schottin 
id  Oppler  a»cril)c  the  results  to  an  accumulation  of  normal  or  abnormal  extractives.  It  is  pos- 
}le  that  several  subsunccs  and  their  decomposition  products  {v.  I'oit,  Perls)  contribute  to  produce 
jkffesull.  so  that  there  is  a  combined  action  of  several  factors,  but  perhaps  the  retention  of  the 
■^  laiti  ptavB  the  must  imjwnant  part. 

VAlkaloids  in  Urine  {PifH£hel,iSSo). — Human  urine,  and  especially  febrile  urine,  when  injected 
kder  the  *kin  of  frogs  or  rabbits,  acts  a.«  a  poison,  and  even  causes  death,  by  the  anest  of  the  res- 
ntkm  id.  Bertuirdy  fiocci,  BiyitiharJ).     The  alkaloids  seem  to  be  formed  by  the  action  of  vege- 

tl  organisms  in  the  intestine,  whence  they  are  absorbed  into  the  blood  and  pass  into  the  urine 
|6|.  Urine  rendered  colorless  by  charcoal  loses  half  Us  loxic  power,  and  the  poiMinous  sub- 
lace  IS  not  volatile,  and  even  re«sts  iKiiling.  These  alkaloids  are  increased  in  the  urine  in 
phoid  fever.  pneum'>nia,  but  not  in  diaL>etei  {L/ptne  and  Gu^rin).\ 

iRioniKmia. — When  urine  undergoes  the  alkaline  fermentation  within  the  bladder,  and  nm- 
carbonate  is  formed,  the  ammonia  may  be  absorbed  and  produce   this  condition.     The 
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breath  and  excretions  smell  strongly  of  ammonia :  the  moath,  pharynx,  and  skin  arc  ferr  diy; 
iherc  is  vomiling.  with  diarrhit-a  or  con<atpaiion,  while  ulcers  may  form  in  the  inteumt  i  yVn*), 
The  pBlicnt  rapidly  loses  llcsh,  and  death  occurs  without  any  disturlxince  of  the  mental  f^cullia. 

Uric  Acid  Diathesis.— When  too  much  nitrogenous  food,  too  much  alcoholic  fluids  are  ytnMr 
ently  used,  and  luilc  muscular  exercise  taken,  especially  if  the  respirator)*  organs  arc  mttrimi 
with,  uric  acid  may  uot  unfrcquently  accumulate  in  the  blood  ( Carroif).  It  may  be  deputiBl  a 
the  joints  and  tbeir  HgameDis,  especially  in  the  foot  and  hand.  K^ving  rise  to  painful  inBamtuiio*. 
and  forming  gout  stones  or  chalk  stones.  The  heart,  liver,  and  kidneys  ve  rarely  affected.  Ttit 
tissues  near  these  deposits  undergo  necrosis. 

378.  STRUCTURE  AND  FUNCTIONS  OF  THE  URETER.— Mucous  Membnit 
— The  pelvis  of  the  kidney  and  the  ureter  are  lined  by  a  mucous  Mirmbranf,  consisting  of  o^nnea 
ive  tissue,  and  covered  with  several  layers  of  stralt5ed  "transitional"  epithelium  iFti(.  2M1. 
The  cells  are  of  various  shapes,  those  of  the  lowest  layer  being  usually  more  or  le«s  ^hcrinl  ml 
small,  while  many  of  the  cells  In  the  upper  layers  arc  irregular  in  shape,  often  with  long  prooets 
pa^bing  into  the  deeper  layers. 

Submucosa. — Under  the  epithelium  there  is  a  layer  of  adenoid  tissue  {Hambmrger,  Oa«r!\^ 
which  may  contain  small  lymph  follicles  [embedded  in  loose  connective  tissue].  There  are  a  few 
small  mucous  glittuls  in  the  pelvis  of  the  kidney, and  also  in  the  ureter  {^Lhtrmh^  ^S^')-  [Tlityut 
lined  by  a  single  layer  of  columnar  epithelium.] 

The  muscular  coat  cunsl<<t)>  of  an  inner  somewhat  stronger  layer  of  hngilnJinal,  non-striped 
fibres,  and  an  outer  circular  layer.  In  the  lowest  third  of  the  ureter  there  are  in  addition  «  num- 
ber of  scattered  muscular  fibres.  All  these  layers  are  aurroimdcd  and  supported  by  cant>ectiTt 
tissue.  The  outer  layers  of  the  connective  tistue  form  an  outer  coot  or  advcntitta,  which  coniaiu 
the  large  vessels  and  nerves  [with  small  ganglia].  The  various  coats  of  the  ureter  can  Wfullontd 
up  to  the  pelvis  of  the  kidney,  and  to  its  colicei.  The  papillx  are  covered  only  by  the  nuoooi 
membrane,  while  the  muscular  layer  ccaics  at  the  apex  of  the  pyramids,  where  they  are  dispDKd 
circularly  to  form  a  kind  of  sf-hintter  muscle  for  each  papilLi  [Htnle). 

The  blood  vessels  supply  the  various  coals,  and  furm  a  capillary  plexus  under  the  epilhelium. 

The  nerves  are  nut  very  numerous,  but  they  contain  medulIiLted  (few)  and  non-roeduUaled  films, 
with  numerous  ganglia  scattered  In  their  coune.  They  are  pattly  motor  and  supply  the  mosculv 
layers,  and  some  pass  toward  the  epithelium,  and  are  sensory  and  excitorcjifx  in  funcbon.  \\  b 
these  nerves  which  are  excited  when  a  calculus,  )>assing  along  the  ureter,  gives  lisc  to  severe  [utn. 
The  ureter  i«rfurates  the  wall  of  the  bladder  obii^uely.  The  Inner  opening  is  a  narrow  slit  10  the 
mucous  mctntirane,  directed  downward  and  inward,  and  provided  with  a  |iointed,  valve  like  pro- 
cess (Fig.  269). 

Movement  of  the  Urine.— The  urine  is  propelled  along  the  ureter  thus; 
(1)  The  secretion,  which  is  continually  bein^  formed  undera  high  pressure  in  the 
kidney,  propels  onward  the  urine  in  front  of  it,  as  the  urine  is  under  a  low  pressure 
in  the  ureter,  (a)  Gravity  ^\^%  the  pas.sage  of  the  urine  when  the  person  is  is 
the  erect  posture.  (3)  The  muscles  of  the  ureter  contract  rhythmically  and  pcn- 
sialtically.  and  so  propel  it  toward  the  bladder.  This  movement  is  reflex,  and 
is  due  to  the  presence  of  the  urine  in  the  ureter.  Kver)'  three-quarters  of  a  min- 
ute several  drops  of  urine  pass  into  the  bladder  {Afulder).  But  the  fibres  mayibo 
be  excited  directly.  The  contraction  passes  along  the  tube  at  the  rate  of  ao  to  30 
mm  per  second,  always  from  aljove  downward.  The  greater  the  tension  of  the 
ureter  due  to  the  urine,  the  more  rapid  is  the  peristaltic  movement  {SokoUf  vd 
Luchsingfr). 

Local  Stimulation. — On  applying  3  stimulus  to  the  ureter  directly,  the  oantroclion  jwoestMik 
upward  and  downward.  Engelmann  observed  that  these  movements  occur  in  parts  of  ibe  snier 
where  neither  nerves  nor  ganglia  were  to  be  found,  and  he  concluded  thai  the  movcmcnl  •«* 
propagated  by  "  muscular  conduction."  If  this  be  so,  then  an  impulse  may  be  propo^eil  fnv 
one  non-striped  muscular  cell  tu  another  without  the  iiitervculiou  of  nerves  {compare  tbflW 
result  in  the  heart,  \  58.  I,  3). 

Prevention  of  Reflux. — The  urine  is  prevented  from  exerting  a  backwtd 
pressure  toward  the  kidneys,  thus;  i.  The  urine  which  collects  in  thepclvi»»>' 
the  kidney  is  under  a  high  pressure,  and  thus  tends  uniformly  to  compress  ih* 
pyramids,  so  that  the  urine  cannot  pass  into  the  minute  orifices  of  the  unM"' 
tubules  {E.  H.  Webtr),  2.  When  there  is  a  considerable  accumulation  of  onw 
in  a  ureter,  ^.^.,  from  the  presence  of  an  impacted  calculus  or  other  causfi 
there  is  also  more  energetic  peristalsis,  and,  at  the  same  lime,  the  circular  mus- 
cular fibres  round  the  apices  of  the  pyramids  compress  the  pyramids  and  pme"* 


URINARV  BLADDER  AND   URETHRA. 


471 


sflux  of  urine  through  the  collecting  tubules.  The  urine  is  prevented  from 
passing  back  from  the  bladder  into  the  ureter,  by  the  fact  that,  when  the  bladder 
is  greatly  distended  with  urine,  the  wall  of  the  bladder  itself,  and  the  part  of  the 
ureter  which  passes  through  it,  are  compressed,  so  that  the  edges  of  the  slit-like 
opening  of  the  ureter  are  rendered  more  tense,  and  are  thus  approximated  toward 
each  other  (Fig.  269). 

279.  URINARY  BLADDER  AND  URETHRA.— Structure.— Hie  mucous  mem- 
brane of  the  bladder  resembles  that  of  the  urdcr ;  ihe  upper  layers  of  the  stratlRed  transitioDftl 
epithelium  are  flattenctL  It  is  obvious  that  the  form  of  the  cell*  must  vary  with  the  slate  of  dis- 
tention or  contraction  of  the  bladder.  [The  mucoQS  meml>ranc  and  muscular  coata  are  thicker 
than  m  the  ureter,  llien:  arc  raucous  glands  in  the  mucous  membrane,  especially  near  the  neck 
of  the  bladder.] 

Submucous  Coat. — There  is  a  layer  of  delicate  fibrillar  connective  tiasac  mixed  with  elastic 
fibres  ttetwecn  the  mucous  and  muscular  layers. 

[The  Serous  Coat   is  continuous  w-iih,  and  has  the  snine  structure  as,  the  peritoneum,  and  it 

men  onty  the  posterior  and  upper  half  of  the  organ.] 

Musculature. — The  noH'Stripei/  mufiailar  6brcs  are  arrange!  in  bundles  in  several  layers,  an 
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■  ^B  T^'^J      1^  Lower  part  of  the  huEnxn  l)LdiJ«r  IakI  open,  with  tbe  lower  end*  of  iIk 

untert.     Note  I  he  tlcAT  pan,  ilie  trigone,  the  »lit-ltke  opening  uf  the 

fraOahbMal  epithelium  from  the  bhdder.    Manjr  ureters,  the  dlvi>lciJ  urelcr*.  and  vuiculx  *emln;Ue« ;  ih<  iiniia  prodati- 

of  the  Urxe  cell*  lie  iip«tn  the  imtitiiit  of  the  cii»,  and  on  each  »ide  of  it  the  round  o(>enin)[»  of  the  ejaculxtorr  duel*. 

cohunnar  and  oiitdaic  ceiU.  and  depreuioiu  and  b-  low  both  the  numcrout  amall  apenuroi  of  the  ducu  of  tAc : 

>rc  «ccn  on  their  under  uir£ioc.  tate  gland. 


pr£>i- 


txtfrnal  langUuiiinttl  layer,  best  developed  on  the  anterior  and  posterior  surfaceS|-and  an  inner 
YUYMAfr  layer.  [Brtwcen  these  two  is  an  (oblique  layer.]  There  ore  other  bundles  of  muscular 
~^  rc$  arranged  in  different  dircaiuns.  Physiologically,  the  mu^culatuie  of  the  bladder  represents 
single  or  common  hollow  muscle,  whose  function  when  it  contracts  is  to  diminish  uniformly  the 
nze  of  the  bladder,  and  thus  to  expel  il«  contents  \\  3^)- 

The  blood  vessels  resemble  lliose  of  the  ureter.     The  nerve*  form  a  f^exus,  and  are  placed 

partly  in  the  mucous  membrane  and  partly  in  the  muscular  coat,  and,  like  all  the  extra  renal  parts 

of  (he  urinary  apparatus,  are  provided  with  ganglia,  some  of  these  lyin^  in  the  mucosa,  others  in 

the  submuco«i,  and  connected  to  each  other  by  tibrcs  \Maier\.     Ganglia  occur  in  the  coarse  of 

Ihe  motor  nerve  fibres  in  the  bladder  (  W.  IVolff).     Their  functions  are  motor,  sensory,  cxcltomotor 

and  vasomolor.      [Sympathetic  nerve  ganglia  also  exist  underneath  the  >erous  coal  {F.  DanviH).'\ 

.\  too  minute  dis<ecii<in  of  the  several  layers  and  bundles  of  ihe  mu>^cula!ure  of  the  bladder  has 

ivcn  rise  lo  erroneous  inferences.      Thus,  we  speak  of  a  special  detrusor  urinse,  which,  hov- 

rer.  consists  chiefly  of  fibres  running  oa  the  anterior  and  posterior  surraces.  from  the  vertex  lo  the 

induN.     There  does  not  seem  to  be  a  special  sphincter  vesicie  intemus  ;  it  is  merely  a  thicker 

ctrcttlar  (6  to  I3  mm.)  layer  of  non-striped  muscle  which  surrounds  the  Ifcginning  of  the  urethra, 

and  which,  from  its  shape,  helps  to  form  the  funnel-like  exit  of  the  bladder.     Numerous  mu^ular 

indies,  connected  partly  with  the  longitudinal   and   panly  with  the  circular  tibrcs  of  ihe  bladder 

isl,  especially  in  the  trigone,  between  the  orifices  of  the  urctcri. 
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Sphincter  Urethrac. — The  proper  sphincter  urethra;  is  a  iransvfrstly  strifti 
muscle  subject  to  the  will,  and  consists  of  completely  circular  fibres  which  cxiewi 
downward  ns  far  as  the  middle  of  the  urethra,  and  ]>artly  of  longitudinal  fibrei, 
which  extend  only  on  the  posterior  surface  toward  the  base  of  the  bladder,  where 
they  become  lost  between  the  fibres  of  the  circular  layer  {Henie). 

In  the  male  urethra,  the  epithelium  ur  the  prostatic  part  is  the  same  ai  that  in  the  bladder:  ii 
the  membranous  ponton  it  is  straiilicd,  and  in  the  cavernous  pan  the  timpte  cyhndrical  fonn.  Tbe 
mucous  membrane,  onder  the  epithelium  itself,  is  l>c»et  wtth /a/iV/>/,  chiefly  in  the  po&tennr  pcnof 
the  urethra,  and  contains  the  mucous  glands  of  Littrc. 

Non-striped  muscle  occurs  in  the  prostatic  part  arranged  longitudiDally,  chiefly  at  the  CDlliailvf 
seminalis;  in  the  membranous  portion  the  direction  o(  the  fibres  is  chiefly  circular,  with  a  fe*  ttm- 
gitudinnl  Tihies  inlercalatetl ;  the  cavernous  part  has  a  few  circular  fibres  posteriorly,  but  antcnod; 
the  muscular  nbres  are  sin|;le  and  placed  obliquely  and  longitudinally. 

Closure  of  the  Bladder. — As  to  the  means  by  which  the  male  urethra  is  kept 
closed,  it  must  be  remembered  that  the  so  called  internal  vesical  sphincter  of  the 
anatomists,  which  consists  of  non-striped  mt^scle,  is  in  reality  an  integral  part  of 
the  muscular  coat  of  the  bladder,  and  surrounds  the  orifice  of  the  urethra  as  fir 
down  as  the  prostatic  portion,  just  above  the  colUcuIus  seminalis.  It  is,  however, 
not  the  sphincter  muscle.  The  proper  sphincter  urethrac  (sph.  vesicie  cxterousj 
lies  below  the  latter.  It  is  a  completely  circular  muscle  disposed  around  the 
urethra,  close  above  the  entrance  of  the  urethra  into  the  septum  urogcnitalc  at  the 
apex  of  the  prostate,  where  it  exchanges  fibres  with  the  deep  transverse  muscle  of 
the  pcrinaeura  which  lies  under  it. 

Some  longitudinal  6brea,  which  run  along  the  upper  margin  of  the  proitale  from  the  bladder, 
belong  lo  (his  sphincter  muscle.  Single  transverse  bundles  pat^sing  forward  from  the  surface  ot  the 
neck  of  the  ['ladder,  the  transveriK  liands  which  lie  within  the  prostate  opposite  the  apet  of  the 
coUiculus  seminalis,  and  a  wrong  transverse  bundle  passing  in  front  of  the  origin  of  the  urribra. 
iDiu  the  substance  of  the  prostate— all  belong  to  the  sphincter  muscle  iHrnU).  In  the  male  antbra, 
the  bieoii  vessels  form  a  rich  capillary  plexus  under  the  epithelium,  below  which  ia  a  wtde-mcthed 
lymphatic  plexus. 

[TonuB  of  Sphincter  Urethre.— Open  the  abdomen  of  a  rabbit,  ligature  one  vrcter.  tie  i 
cannula  in  the  other,  and  pour  water  into  the  bladder  until  ll  runs  out  through  the  urethra,  which  h 
osaally  under  a  [iressure  of  i6  lo  20  inches.  If  the  spinal  cord  be  divided  between  the  fifiA  and 
seventh  lumbar  vcrlebrse,  a  column  of  six  inches  is  sulhcicnt  to  overcome  the  resistance  a&  liff 
sphincter,  white  section  at  the  fourth  lumbar  vertebra  has  no  efTcci  on  the  betghi  of  the  prrSMire 
In  such  an  animal  the  bladder  becomes  distended,  but  in  one  with  its  cord  divided  between  the  ftfih 
and  seventh  lumbar  vertcbnc,  there  '\>  incontinence  of  urine  (Fig.  270).  In  the  former  case  becaoK 
the  eacito-motor  impulses  are  cut  off  from  the  centre  (5  to  7  vert.),  and  in  the  lauer  Iwcausethc 
tonus  of  the  sphincter  is  destroyed  {Kupr£$iow).     This  tonus  is  denied  by  l^ndois  and  others.] 

aSo.     ACCUMULATION    OF    URINE— MICTURITION.— .\fter 

emptying  the  bladder,  the  urine  slowly  collects  again,  the  bladder  being  thereby 
gradually  distended.     [A  healthy  bladder  may  be  said  to  l>e  full  when  it  contains 
20  o/..  (_/(i/H(L-j).]     As  long  as  there  is  a  moderate  amount  of  urine  in  the  bladder, 
the  elasticity  of  the  elastic  fibres  surrounding  the  urethra,  and  that  of  the  sphineirr 
of  the  urethra  (and  in  the  male  of  the  prostate)  suffice  to  retain  the  urine  in  the 
bladder.  This  is  shown  by  the  fact  that  the  urine  does  not  escape  from  the  bladder 
after  death.  If  the  bladder  be  greatly  distended  (1.5  to  1.8  litre),  so  that  its  apex 
projects  above  the  pubes,  the  sensory  nerves  in  its  walls  are  stimulated  and  cause  J 
feeling  of  a  full  bladder,  while  at  the  same  time  the  urethral  opening  is  dilated,  w 
that  a  few  drops  of  urine  pass  into  the  be^innmg  of  the  urethra.   Besides  the  hi^ 
jeclive  feeling  of  a  full  bladder,  this  tension  of  the  walls  of  the  bladder  cauKSi 
reflex  effect,  so  that  the  urinary  bladder  contracts  [>eriodically  upon  its  fluid  coo* 
tents,  and  so  do  the  sphincter  of  the  urethra  and  the  muscular  fibres  of  the  urethra, 
and  thus  the  urethra  is  closed  against  the  passage  of  these  drops  of  urine.    A* 
long  as  the  pressure  within  the  bladder  is  not  very  high,  the  reflex  activity  of  ih< 
transversely  striped  .sphincter  overcomes  the  other  (as  during  sleep);  but,  3S  the 
pressure  rises  and   the  distention   increases^  the  contraction  of  the  walls  of  the 
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Wdcier  overcomes  the  closure  produced  by  the  sphincter,  and  the  bladder  is 
emptied,  as  occurs  normally  in  young  children. 

As  age  advances,  the  sphincter  urethr.-e  comes  under  the  control  of  the  will,  so 
that  it  can  be  contracted  voluntarily,  as  occurs  in  man  when  he  forcibly  contracts 
the  bulbo  cavernosns  muscle  to  retain  urine  in  the  bladder.  The  sphincter  ani 
usually  contracts  at  the  same  time.  The  reflex  activiry  of  the  sphincter  may  also 
be  inhibited  voluntarily,  so  that  it  may  be  completely  relaxed.  This  is  the  condi- 
tion when  the  bladder  is  emptied  voluntarily. 

Slight  movements,  con6ned  to  the  bladder,  occur  duniig  psychical  or  emotional  disturb0nces 
(f-/-.,  aogcr,  fear),  [the  bladder  may  be  emptied  involuntarily  during  a  fright],  after  sliniulaiion  of 
lensory  nerves  {F.  Bert,  v.  Bmeh,  Meyer),  auditory  impressions,  restraining  the  re&piraiion,  ami  by 
Brresl  of  the  heart's  action.  There  are  slight  periodic  vanations  coincident  with  vanaiiana  in  the 
blood  pressure.  The  contraciion»  of  the  bladder  cease  after  deep  in»i>iration,  and  also  fluring  apmva 
{AfiUfo  find  Pellamni).  The  excised  bladder  of  the  frog,  and  even  portions  free  from  ganglia, 
exhibit  rhythmical  contractions,  which  are  increased  by  heat  ( f'/aU). 

Nerves. — The  nerves  concerned  in  (he  retention  and  evacuation  of  the  urine 
a.re  :  i.  The  motor  nerves  of  the  sjihincter  urethrie,  which  lie  in  the  pudendal 
nerve  (anterior  roots  of  the  third  and  fourth  sacral  nerves).  When  those  nerves 
are  divided,  as  soon  as  the  bladder  becomes  so  distended  as  to  dilate  tho  urethral 
opening,  the  urine  begins  to  trickle  away  (incontinence  of  urine).  2.  The  sen- 
sory nerves  of  the  iirethra,  which  excite  these  reflexes,  leave  the  spinal  cord  by 
the  [josterior  roots  of  the  third,  fourth,  and  fifth  sacral  nerves.  Section  of  these 
nerves  also  causes  incontinence  of  urine.  The  centre  in  dogs  lies  opposite  the 
fifth,  and  in  rabbits,  opposite  the  seventh,  lumbar  vertebra  {Budgf).  3.  Fibres 
pass  from  the  cerebrum  —  those  that  convey  voluntary  impulses  through  the 
peduncles,  and  the  anterior  columns  of  the  spinal  cord  (according  to  Mosso  and 
PcUacani,  through  the  posterior  columns  and  the  posterior  part  of  the  lateral  col- 
umns), to  the  motor  fibres  of  the  sphincter  urelhrae,  4.  The  inhibitory  fibres 
concerned  in  the  reflex  inhibition  of  the  sphincter  urethra,  take  the  same  course 
(perhaps  from  the  optic  thalamus?)  downward  through  the  cord  to  where  the  third, 
fourth,  and  ftflh  sacral  nerves  leave  it.  5.  Sensory  nerves  proceed  from  the 
urethra  and  bladder  to  the  brain,  but  their  course  is  not  known.  Some  of  the 
motor  and  sensory  fibres  lie  for  a  part  of  their  course  in  the  sympathetic. 

Transverse  section  of  the  spinal  cord  above  where  the  nerves  leave  it,  is 
always  followed  in  the  first  instance  by  retention  of  urine,  so  that  the  bladder 
becomes  distended.  This  occurs  because — (i)  the  section  of  the  spinal  cord 
increases  the  reflex  activity  of  the  urethral  sphincter;  and  (2)  because  the  inhi- 
bition of  this  reflex  can  no  longer  take  place.  As  soon,  however,  as  the  bladder 
becomes  so  distended  as  in  a  purely  mechanical  manner  to  cause  dilatation  of 
the  urethral  orifice,  then  the  urine  trickles  away,  but  the  amount  of  urine  which 
trickles  out  in  drops  is  small.  Thus  the  bladder  becomes  more  and  more  dis- 
tended, as  the  continuously  distended  walls  of  the  organ  yield  to  the  increased 
tension,  so  that  the  bladder  may  become  distended  to  an  enormous  extent.  The 
urine  very  frequently  becomes  ammoniacal,  and  there  results  catarrh  and  infiani- 
mation  of  the  bladder  (^  263). 

Voluntary  Micturition. — Observers  are  not  agreed  as  to  the  mechanism 
concerned  in  emptying  the  bladder  when  it  is  only  partially  full.  It  is  stated  by 
some  that  a  voluntary  impulse  passes  from  the  brain  along  a  cerebral  peduncle, 
the  anterior  columns  of  the  cord  and  the  anterior  roots  of  the  third  and  fourth 
sacral  nerves,  and  partly  through  motor  fibres  from  the  second  to  the  fifth  lumbar 
nerves  (specially  the  third),  to  act  directly  upon  the  smooth  muscular  fibres  of  the 
bladder.  This  is  assumed,  because  electrical  stimulation  of  any  part  of  this  nervous 
channel  causes  contraction  of  the  bladder.  This  view,  however,  does  not  seem  to 
be  the  true  one.  It  is  to  be  remembered  that  Budge  showed  that  the  sensory 
nerves  of  the  wall  of  the  bladder  arc  contained  in  the  first,  second,  third,  and 
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fourth  sacral  nerves,  and  also  in   part  in  the  course  of  the  hypogastric  plesui, 
whence  they  ultimately  pass  by  the  rami  communicantes  into  the  spinal  cord. 

According  to  I^ndois,  the  smooth  musculature  of  the  bladder  cannot  be  ncitn] 
directly  hy  a  voluntary  impulse,  but  is  always  caused  to  contract  reflexly.  If  tr 
wish  to  micturate  when  the  urinary  bladder  contains  a  small  quantity  of  unn?,»e 
first  excite  the  sensory  nerves  of  the  ojiening  of  the  urethra,  cither  by  causing  slight 
contractions  of  the  sphincter  urethr.-e,  or  by  means  of  slight  abdominal  prcvorc 
and  thus  force  a  little  urine  into  the  urethral  orifice.  This  sensory  stimulation 
causes  a  reflex  contraction  of  the  walls  of  the  urinary  bladder.  At  the  same  time. 
this  condition  is  maintained  voluntarily,  by  the  action  of  the  intracranial  reflci; 
inhibitory  centre  of  the  sphincter  ureihrse.  The  centre  for  the  reflex  stirnuIanoR 
of  the  movements  of  the  wa/Zs  of  the  urinary  bladder  is  placed  somewhat  higher  in 
the  spinal  cord  than  that  for  the  sphincter  urethra;.  In  dogs,  it  is  opposite  ibc 
fourth  lumbar  vertebra  {Giartuzu,  Btnige). 

Power  gives  th?  following  account  of  ihe  proI»ble  mechanJiiD  Involved  :-» 

"  In  (he  Anct  place,  looking  at  the  ordinary  &eiisaiioiu  ihflt  are  experienced  ax  the  bladder  filljttt 

Fti:.  270. 


Ncrvouft  laachanlKm  of  the  bladder  {,P»wtr\.     m,  affcrcDi  nerve  ot  the  vpbincten :  S  nnd  U,  MMary  nA  MM* 
ccQtrei ;  X,  Rciuory  fibres  la  bniii :  Z.  ncrtor  fibres  rrom  brmin ;  V,  inhibitory  6bre». 

may  conclude  that  scawry  impreuionB,  rising  gradually  in  intensity,  arr  conveyed  (Lhrougb  Pi  ♦• 
the  sensory  gan|>1ta  (S),  from  whence  they  are  rellectcd  {through  b  )  lu  the  motor  Centre  (")•"' 
from  ihence  in  the  sphincter,  cau&ing  ihi«  to  contract  more  firmly  (Fig.  270). 

"  [f  the  bladder  becomes  greatly  diitended.  the  imprestlon  is  no  longer  wholly  rcAccte^  <*' 
panes  onward  bikI  upwntd  to  the  lirain  [through  S  an4l  along  X),  and  excites  consciooi  ti»Liiii*< 
or  pain.  If  it  lie  desired  to  retain  the  wbier,  an  impulse  is  transmjiieil  by  rao{nr  fibres  (tbioi^*) 
to  the  motor  ganglion,  M,  and  the  cxcito-motor  influence  (of  S)  on  the  sphincter  ts  inlcnaAnlf 
the  will.  ^ 

"  Rut  suppose  that,  innead  oF  holding  the  water,  it  be  desired  to  discharge  it ;  what  biffif 
The  phenomena  (bal  are  then  presented  seem  to  necessitate  the  admission  of  an  inhiWtory.rtsini^C' 
or  regulating  centre,  which  must  he  in  close  proiimity  with  the  excito  motor  cenire,  and,  thtf*** 
at  the  lower  part  of  the  spinal  cord,  for  the  action  of  the  will  in  this  matter  is  itnt,  like  ■''^ 
voluntary  muscles,  rapid  and  instamaneous,  but  is  exerted  only  after  the  lapse  of  a  dtstinci  irt** 
and  the  result  is  a  rctaxati>in  of  the  sphincter.  ^^ 

"  We  may  conceive  this  imjwlse  to  pass  down  special  fibres,  V,  lo  an  inhibitory  centre,  I<  *""* 
may  either  act  directly  (through  Lj  on  the  motor  centre,  M,  or  possibly  may  send  brancht*  (fi*****! 
to  the  ''phinctcr  muscles." 

xtimulaiion  of  sensory  nerves  causes  reflex  conlraclion  of  the  bladder  and  cvacoltl*' 
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Innc  fin  children  Htiring  tecthiog).  Retlcx  contraction  of  the  bladder  can  be  brought  about  in 
cats  by  stimiil-ition  of  the  inferior  mesenteric  ganglion.  After  section  of  all  the  nerves  going  to 
the  hUdder,  hemorrh^e  and  asphyxia  cause  contraction  by  a  direa  effect  upon  the  structures  in  (he 
wall  of  the  bladder.  As  yet  no  one  hns  succeeded  in  exciting  artificially  the  inhibitory  centre  in 
the  brain  for  the  sphincter  muscle  {Sfii<<rvin  and  A'aJca^n^r). 

It  seems  probable  that,  ai  in  the  case  of  the  anal  sphincter  (^  160),  there  is  not  a  ron/imttpus  tenic 
reflex  stimulation  of  the  sphincter  urethnv;  the  rcftcx  is  excited  each  time  by  the  contents.  The 
aphinder  vesica:  of  the  anatomists,  which  consists  of  smooth  muscular  tissue,  does  mrt  seem  to  take 
put  in  closing  the  bladder.  Budf^e  and  Landois  found  that,  after  removal  of  the  iransvcrtelystriped 
■phiitcter  urethra-,  stimulation  of  the  smooth  sphincter  did  not  cause  occlusion  of  the  bladder,  nor 
could  L.  Rosenthal  or  v.  Witticli  convince  ihcmscJves  of  the  presence  of  tonus  in  this  muscle. 
Indeed,  its  vcr>'  existence  is  questioned  by  Henle 

Changes  of  the  Urine  in  the  Bladder. — When  the  urine  is  retained  in  the  bladder  for  a  con- 
siderable time,  according  to  Kaupp,  there  is  an  increase  in  the  sodium  chloride  and  a  deaease  in 
the  urea  and  water.  Urine  which  remains  for  a  long  time  in  the  bladder  is  prone  to  undergo 
xmmoniacal  decomposition. 

Absorption.— The  mucous  membrane  of  the  bladder  is  capable  of  absorbing  substances — potas- 
sium iodide  nnd  other  soluble  salts — very  slowly. 

As  the  ureters  enter  near  the  base  of  the  bladder,  the  last  secreted  unne  is  always  lowest.  If  a 
person  remain  perfectly  qniet,  strata  of  urine  arc  thus  formed,  and  the  urine  may  be  voided  so  as  to 
prove  this  {EJUfsen). 

The  pressare  within  the  bladder,  when  in  the  supine  position  =  13  to  15  centimetres  of  water. 
Increase  of  the  intra-abdominal  pressure  (by  inspiration,  forced  expiration,  coughing,  bearing  down) 
increases  the  pressure  withm  the  bladder.  The  erect  posture  also  increases  it.  owing  to  the  pressure 
of  the  viscera  from  above  \Sihat%,  Dufiois).  [James  obtained  4  to  4.5  inch  llg  as  the  highest 
expulsive  i>ower  of  the  bladder,  including  the  alxlominal  pressure,  voluntary  and  involuntary.  In 
paraplegia,  where  there  is  merely  the  expulsive  ]xjwcr  of  the  bladder,  he  found  20  to  30  inches  of 
water  ] 

[Hydronephrosis  occurs  when  the  ureters  and  pelvis  of  the  kidney  tjccome  dilated,  owing  to 
pa*tial  and  gradual  olmructiun  of  the  oultlow  of  urine  from  the  ureters;  if  the  obstruction  become 
coTOT'lctc.  there  is  cessation  of  the  urinar)"  secretion.  James  has  shown  that  the  bLidder  remains 
contracted  fur  several  second^  after  it  is  emptied,  and  this  is  si>ecially  the  case  in  irritable  bladder; 
so  that  this  cnnditinn  may  also  give  rise  to  hydronephrosis,  by  d.imming  up  the  urine  in  the  ureters.] 

THiring  inicturitton,  the  amount  of  urine  voided  at  first  is  small,  hut  it  increases  with  the  time, 
and  toward  the  end  of  the  act  it  again  diminishes.  In  men,  the  last  drops  of  urine  arc  ejected 
from  the  urethra  by  voluntary  ci'tntractions  of  the  bulbo-cavernosus  muscle.  Adult  dogs  increase 
the  stream  rhythmically  by  the  action  of  this  muscle. 

a8r.  RETENTION  ANO  INCONTINENCE  OF  URINE.— Retention  of  urine,  or 
ischuria,  occurs:  i.  When  there  is  ohMruction  of  the  urethra,  from  foreign  bodies,  concretions, 
Hricturc.  swelling  of  the  prostate.  2.  Paralysis  or  exhaustion  of  the  musculature  of  the  bladder ; 
the  latter  sometimes  occurs  after  delivery,  in  consetiuence  of  the  pressure  of  the  child  against  the 
bladder.  3.  After  section  of  the  spinal  cord  (p.  473}.  4.  Where  the  voluntary  impulses  arc  unable 
to  act  uptin  the  inhibiioiv  apparatus  of  the  sphincter  urethne  reflex,  as  well  as  when  the  sphincter 
Urethra*  reflex  is  increased. 

Incontinence  of  urine  (atillicidium  urins)  occurs  in  consequence  of — 1.  Paralysis  of  the 
Kthincter  urethra.-.  2.  Loss  of  sensibility  of  the  urethra,  which,  of  course,  abolishes  the  reflex  of 
the  .sphinrtcT.  3.  Trickling  of  the  urine  is  a  secondary  consequence  of  section  of  the  spinal  cord, 
or  of  its  degeneration. 

Strangury  is  an  excessive  reflex  contraction  of  the  walls  of  the  bladder  and  sphincter,  due  to 
stimubition  of  the  bladder  and  urethra;  it  is  observed  in  inflammation,  neuralgia  [and  after  the  use 
of  some  poisons,  «•.  ^,,  cantharides]. 

Enuresis  noctuma,  or  involuntary  emptying  of  the  bladder  at  night,  may  be  due  to  an  increased 
reflex  excitability  of  the  wall  of  the  bladiler.  or  weakness  of  the  sphincter. 

a8a.  COMPARATIVE  AND  HISTORICAL.— Among  vertebrates,  the  urinary  and 
genital  organs  are  frequently  combined,  except  in  the  osseous  fishes.  The  Wulflian  bodies,  which 
act  as  organs  of  excretion  during  the  embryonic  period,  remain  throughout  life  in  fishes  and  amphi- 
bians, and  continue  to  act  as  huch  ((7<^v;M.i«/-).  Fishes. — The  myiinoij!!  (cyclostomata)  have 
the  simplest  kidneys;  on  each  side  is  a  long  ureter,  with  a  series  of  short  stalked  glomeruli,  with 
capsules  arranged  along  it  Both  ureters  open  at  the  genital  pore.  In  the  other  fishes  the  kidneys 
tie  often  as  elongated,  compact  masses  along  both  sides  of  the  vertebral  column.  The  two  ureters 
unite  to  form  a  urethra,  which  always  0|)ena  behind  the  anus,  either  united  with  the  opening  of  the 
genttal  organs  or  behind  this.  In  the  sturgetin  and  hag  ftsh,  the  anus  and  orifice  of  the  urethra 
together  form  a  cloaca.  Bladder-likc  formations,  which,  however,  arc  morphologically  homologous 
with  the  urinary  bladder  of  mammals,  occur  in  fishes,  cither  on  each  ureter  (ray,  hag  tVsb).  or  where 
both  join.      In  amphibians,  the  vasa  efferentia  of  the  testicles  are  united  with  the  urinary  tubules ; 
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the  'luct  in  the  frog  unites  with  the  one  on  the  other  stde,  and  both  conjoined  open  Into  tbedoKt, 
while  the  capacious  urinary  bladder  opens  through  the  anterior  wall  of  the  cloaca.  Frun  r^Aiki 
ujiward,  the  kitlncy  u  no  longer  a  pcrsititent  ^Vulftian  body,  but  a  new  organ.  In  rep(itca.S  a 
usually  flattened  and  elongated :  the  ureters  o)>en  singly  into  the  cloaca.  >aurians  xtA  tonoUB 
have  a  urinary  blndder.  In  birds,  ihe  isolated  ureters  open  into  the  urogenital  linus,  which  0(«» 
into  the  cloaca,  internal  to  the  excretory  duclit  of  the  genilal  apparajtu.  The  unnary  bladdo  ii 
always  ab*;ent.     In  mamniAla,  the  kidneys  often  consist  of  many  lobules,  /.  g.^  dolphin,  ox. 

Among  InvenebrateB,  the  moUusca  have  excretory  organs  in  ilie  form  of  canali,  which  m 
provided  with  an  outer  anO  an  inner  opening.  In  the  mussel,  this  canal  is  provided  with  a  *yfoQ- 
like  oi^nn,  often  with  a  central  cavity,  and  consisting  of  ciliated  secretory  cells,  placed  at  the  Duegl 
the  gills  for^nn  nf  Hojanus).  In  gasiem|»dK,  wiih  anah-»gous  organs,  uric  acid  has  been  fwiki 
InsectB,  spiders  and  centipedes  have  the  su-called  Malpighian  vesscU.  which  arc  [■artlrcicretory 
organs  for  uric  acid  and  partly  for  bile.  These  vessels  are  long  tubes,  which  open  into  the  6m  p«rt 
of  the  larye  intestine.  In  crabs,  blinrl  tubes,  connected  with  the  intestinal  tube,  {.terhaps  hive  tk 
same  runclioiu.     The  vermes  also  have  renal  organs. 

Historical. — Aristotle  directed  nttenlinn  to  the  relatively  large  sue  of  the  human  bUdtkri  be 
named  the  ureters.  Massa  ( ISS^)  fnund  lymphatics  in  the  kidney.  Cu<(tftchiu«  (f  '5^)  ligitUK^ 
the  ureters,  and  found  the  bladder  empty.  Cu>^nus  (1565}  inve»t)^ted  the  color  and  wsi^  ofilK 
urine.  Kous<iet  (15S1)  described  the  mu'icular  nature  nf  the  walls  of  the  bladder.  Vesltog  it- 
scribed  the  trigone  ( I75j).  The  first  important  chemical  investigations  on  the  unue  dale  fiucttke 
time  of  van  Helmont  (1644).  ile  i>«laieJ  the  solids  of  the  urine,  and  found  among  ihcm  ooisbum 
salt;  he  ascertained  the  higher  specific  gravity  of  fever  urine,  and  oscribcil  the  origin  cf  unBBT 
calculi  to  the  MiliiU  of  the  urine.  .Schcele  (1766)  discovered  uric  acid  and  calcium  phoapfciH, 
Arand  and  K unckel.  phosphorus ;  Kouelle  (1773},  urea;  and  it  got  its  name  from  Fvurtft^iad 
Vauquelin  ( 1799}.  Kerzelius  found  lactic  acid;  Seguin,  albumin  in  pathological  urine;  Ueb|t 
hippuric  acid;  Hemtz  and  v.  I'ettenkofer,  kreatm  and  kreatinin  ;  Wollaston  (1810),  cystin.  Mmrt 
tound  xanlhin;  and  Lindber^son.  magnesia  carlwnate. 
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283.  STRUCTURE  OF  THE  SKIN.— Theskin  (3.3  to  2.7  mm.  thick; 
ctiric  gravity,  1057)  consists  of^ 
[i.  The  epidermis  ; 
a.  The  chorium,  or  cutis  vera,  with  the  papillae  (^ig.  a?*)-] 

The  epidermis  (o,o)S  to  0.12  mm.  thick}  consists  of  many  layers  of  stralilte-l  epithelial  celU 

ited  tu  each  other  by  cement  subsunce.  Thesupcrncid  layers — stratum  corncum  (Figs.  372.^, 

d  271,  <■) — consist  of  several  layers  of  dry,  horny,  nonnucle- 

:d  squames.  which  swell  up  in  solution  of  caustic  soda 

ig.  372,  E)        [It  is  always  thickest  where  inlermilicnt 

csiare  is  apjilied,  as  on  the  sole  of  the  foot  and  palm  of  the 

nd.]     The  next  layer  is  the  stratum  lucidum  {Othl) — 

is  clear  and  traniparent  in   a  section  of  skin,  hence  the 

ime.      It  consists  of  compact  layers  of  clcyir  cells  with  ves- 

je»  of  ouclci  (Kig.  271.  ^l-     Under  this  m  the  rcte  muco- 

im  or  rcte  Malpighii  (Fig.  372.  d),  coniisiiog  of  many 

fcrs  of  nucleated  protoplasmic  epithelial  cells,    these  cells 

antain  pii[menl  in  the  dark  races,  and  in  the  skin  of  the 

TDlum,  and  around  the  anus.     [The  superficial  cclU   are 

tore  fuuforni  and  contain  granules  which  stain  deeply  with 

incine.     Tliey    constitute,    3,  the  stratum  granuloium 

Fig.   a?!,/").     Jn  these  cells  the  formation   uf  keratin   is 

boot  to  begin,  and  the  granules  have  been  called   eleidin 

ranules  by  Kanvier.    They  are  chemically  on  the  way  to  be 

aniformed  into  keratin  (Fig.  271).     All  corneous  structures 

Dntain  nmilar  granules  in  the  area  where  the  cells  are  be- 

uming  corneous.     I'hen  follow  several   layers  of  more  or 

»a  polyhedral  cells,  softer  and  more  plaMic  in  their   nature. 

od  exhilnltng  the  character*  of  so  called   "prickle  cells" 

Figs.  271,  «,  and  272,  R(.     The  deepest  layers  of  cells  are 

tore  or  Icis  columnar  and  (he  cells  are  placed  vertically 

pOD    the  papiJlfc   ^Kig.  273,^).     (Jranular  leucocytes  or 

randering  cells  are  sometimes  found  l>ctwccn  these   cells 

Biaiadfcki).     This  layer,  4.  has  licen  called  the  stratum 

falpighli  (Fig.  271,  »*).     The  rcte   Mal|iighii  dips  down 

etween  adjacent  papillxand  forms  interpapillary  processes. 

iccordtng  to  Klein,  a  delicate  basement  membrane  scpa- 

Ues  the  epidermis  from  the  true  skin,]     The   su|icrhcial 

lyen  of  the  epidermis  ate  continually  bring  thrown  off, 

i-bile  new  cells  are  continually  ticiiig  formed  in  the  deeper 

tyers  of  the  skin  by  proliferation  of  the  ccIIk  of  the  rete 

lalptghii.     There  is  a  gradual  change  in  the  microscopic 

ad  chemical  characters  of  the   cells  as  we  pass  from  the 

cepest  to  the  most  superficial  layer  of  the  epidermis. 

!/  ( I )  Stratum  eorneum, 
I  [Epidermis  (Fig.  271 )  J  ]l\  ^''"''"^  ''"^"'*7'       , 

■  (  (4)  Stf.jtum  Malptgkii,      J  *^***  Mucosum.J 

tn  a  vertical  section  of  the  skin  stained  with  picrocanmine,  the  S.  granulo^um  is  deeply  stained 
,  and  is  thus  readily  distiogutshed  among  the  other  layers  of  the  epidermis.] 
No  pigment  is  fomied  within  the  epidermis  itself;  when  it  is  present,  it  is  carried  by  leacocylei 
om  the  subcutaneous  tissue  {fiukl,  HAnuann,  Atby). 

The  cborium  (Fig.  272,  I,  C)  is  beset  throughout  its  entire  SDrface  by  numerous  (0.5  to  o.i  mm. 
jl^t  papillAB  (Fig.  273,  t),  the  largest  being  upon  the  volar  surface  of  the  hand  and  foot,  on  the 


c,  Stralum  romcttm 
cranuliisuin  :  m, 
fibrils, 


/,  b.   lucbluffl ; 
S.   Malpichil; 
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nipple  and  glaii&  |>enis.  Most  of  the  papUUe  conuin  a  looped  capUlary  {^),  wliile  in  Iwutedmt 
some  of  them  contain  a  touch  corpuscle  (Fig.  273,  f).  The  papillie  are  diiposed  ia  (p>u;' 
whose  arrangement  vaKes  in  diHcrent  parts  of  the  body.  In  the  palm  of  the  band  and  tote  of  ti : 
fool  they  ijccur  in  rows,  which  are  marked  out  by  the  existence  of  delica.te  furrows  on  thewrOi' 
visible  to  the  naked  eye.  The  chonuin  consists  of  a  dense  network  of  bundles  of  white  tlmi-i 
tissue  mixed  with  a  network  of  clastic  fibres,  which  are  more  delicate  in  the  papilLc.  TheoM 
nective  tissue  contains  many  connective  tis<tue  corpuscles  and  numerous  leucocytes.     The  dw^r 

Fic  372. 


^'^'/ 
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Venical  icciionof  die  ildn,  with  a  hair  mod  sebaceous  glaod,  T.    EpItfennU  ind  cfaortum  ■hortmrct— t. 

inner  fibroiu  layer  of  the  h«irfnli)c1e:  j.  hyaline  Uyer  of  1  he  hair  follicle  :  4.  outer  ruo*  •h'- . 
layer  pf  the  inner  root  iheath  :  6,  Henle'i  Iftyer  oS  the  lame  ;  ^.  root  of  the  hiikr.  with  iti  L'-., 
fttii  mu4cle  ;  C,  chorium  ;  «  9ubciitjinc(^u«  f^tty  ii»iue:  A,  cptdcrmi*  (homy  layer):  J,rKiK»\' 
vciscli  of  tupiilc  ;   I/,  ]ympnanc«  or  the  «;iine  :  A,  horny  nr  cr>meom  tuhvunce  :  i,meiJuU« 


101  tupillc;  I/,  jyin 
nts  or  euocle  of  hair .  K,  coil  of  tweal  (Urd  ;  E,epidermal  »c9le«  i-wen  from  above  asd  *m /^-^ 
■irknim  comeum ;  R,  prickle  celh  frcm  the  rete  Miilpighii  :  m.  tuperficUl,  anil  ■«,  deep  cclla  frOM  ibt 
H,  hair  marnified  ;  /.cuticle;  r,  medulU,  «'iih  celb ; /,/.  fuvtform  fibrout  cell*  nf  the  BubilMWvaf  ihe 
jr.  Cclk  of  Huxley' >  layer;  /,  lho>c  nf  Henle'v  layer  ;  S.  traTi>ver>c  aecrion  of  a  aweat  (land  frwa  lh«  S>: 
<i,MDoolh  muacular  fibres  aurrouDding  It;  t,  cclU  front  a  tebaceotta  sLaod,  aomc  ol  iktm  cpstaiall^  pa 
Moll. 


connective-tissue  layers  of  the  ctiorium  gradually  pass  into  the  subcutsneous  tistne.  where   >^ 
form  a  irabecular  arrant^ement  of  bundles,  leaving  between  them  elon^aicJ  rhoml>OKla]  spaces  A/W 
for  the  most  part  with  groups  of  fat  cells  {Fig.  271,  rt,  ij).     [In  microscopic  sections  aftar  (^ 
action  of  alcohol,  the  fat  cells  nut  UDfre'iuently  contain  crystals  of  mBrgarin  (Tig.  27$)-]      "^ 
long  axis  of  the  rhomb  corresponds  to  the  greater  tension  of  the  skin  at  thai  part  ( C.  LAMft^^-  U 
some  situations  the  sulicutaneous  tissue  is  devoid  of  fat  [penis,  eyelids].     In  many  Mttulioiii^  dt 
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skin  15  hted  by  solid  Bhrous  bands  to  rahJAceni  smictures,  as  iAscix,  ligaments  or  )>nne«  (tcnacula 
cutis  I,  in  other  part^,  lu  over  Ixiny  promiiicDCn,  t>urKv,  tilled  with  synovial  lluid,  occur. 

Smooth  muscular  fibres  occur  in  the  chorium  in  certain  situations  on  extensor  sarfaces  (AVu- 
mamM)i  nipple,  areola  mamnue,  prepoce,  perinarum,  and  in  special  abundance  id  the  tunica  daitos 
of  the  scrotum. 

Fig.  273. 


Vwtical  ««ctioD  of  th«  cutis  vera  and  pxn  <>f  the  cpidermii.    f,  mIU  ol  the  rele  Mitlpinhli :  «,  upilUrv :  4,  papiltu 
c»  blood  ircudi;  d,  nervt  fibtc  entering  b  Wigaer'i  touch  cortnnck,  t ;  /,  Mctlon  of  a  ocrvc  nbre. 


Fig.  275. 


I'^pilLc  uf  (he  •Lin,  e{'><)cfmi«  rcraoved,  blood   vchcIi   in- 
jected .  Home  contain  a  Wagner'fc  touch  Corputclc, «,  the 
^B  oihcn  Ik  c«pilluy  loop. 


Flit  ccUa  containing  cryitjUt  of  nurgarin. 


084.  NAILS  AND  HAIR. — The  nails  (speci5c  gravity  1.19)  consist  of  numerous  layers  of 
•olid,  homy,  hnmogeneoas,  epidermal  or  nail  celtn,  which  may  be  Isolated  with  a  solution  of  caustic 
alkalies,  when  they  swell  up  and  exhibit  the  remains  of  an  elongated  nucleus  (Fig.  372,  n,  m). 
The  whole  under  surface  nf  the  nail  rests  upon  the  nail  bed ;  the  lateral  and  posterior  edges  lie  in 
a  deep  groove,  the  nail  groove  (Fig-  276,  /).  The  chorium  under  the  nait  Is  covered  throughout 
Us  entarc  extent  bjr  longitudinal  rows  of  papillc  (Fig.  276.  d).     Above  this  there  lies*  as  in  the 
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skio,  many  l&ycrs  of  prickle  cells  like  thou  in  the  rete  Malpighii  (Fig.  272,  e),  and  ibove  llmipa 
is  ihe  substance  of  the  nail  (Fig.  376,  a).  [The  stratum  granulosum  is  aidiracntary  in  the  nul  bed. 
The  substance  of  the  nul  represents  the  stntutn  lucidum,  there  being  no  siraium  coroeum  (A'<«i«).1 
The  posterior  part  of  the  nail  groove  and  the  half  moon,  brighter  part  or  lunule,  form  the  nad 
the  nail.  They  are,  at  the  same  time,  the  matrix,  from  which  growth  of  the  nail  takes  place.  T^ 
lunale  is  present  in  an  isolated  nail,  and  is  due  to  diminished  transparency  of  the  poiunor  put  «l( 
the  nail,  owing  to  the  special  thickness  and  uniform  distribution  of  the  cells  of  the  rate  Mani^ 
( ToM). 

Growth  of  the  Nail. — According  to  Unna.  the  matrix  extends  to  the  front  part  of  the  lunle. 
The  nail  gruw?>  continually  fmm  behind  forward,  and  ts  formed  by  layers  secreted  ur  fonncd  by  the 
matrix.  These  layers  rxin  parallel  to  the  surface  of  the  matrix.  They  run  obliquely  froai  anm 
and  behind,  downward  and  forward,  through  the  thickness  of  the  substance  of  the  naiL  Ha  Bid 
is  of  the  same  thickncis  from  the  anterior  margin  of  the  lunule  forward  lo  its  free  margia  Thai 
the  nail  does  not  erow  in  thickness  in  this  region.  In  the  coarse  of  a  year  the  fingers  produce  sbatf 
2  grms.  of  nail  substance,  and  relatively  more  in  summer  than  in  winter  (A/t/fse^o//,  Bemtt.ki\, 

Development. — Unna  make»  the  following  statements  regarding  the  Hevelnpment  of  the  lutli: 
1.  From  the  second  to  the  eighth  month  of  foetal  life  the  pu&tlion  of  the  noil  ts  mdicaied  hys 
{larlial  but  marked  hurny  condition  of  the  epidermis  on  the  back  of  the  first  phalann,  the  "epooy 
chium."  The  remainder  of  thif  substance  is  represented  during  life  by  the  normally-roraiedetrt'lcnul 
layer,  which  separates  the  future  nail  from  the  surface  of  the  furrow.  2.  The  future  nail  b  (onied 
under  the  cponychium,  with  its  firM  nail  cells  stilt  in  front  uf  tlic  nail  groove;  then  the  nad  (roo* 
and  pushes  forward  toward  the  groove.     At  the  aevenih  month,  the  oail  (itself  covered  t^the 

Fic.  276. 


i^-f^ 


TramveiM  wciion  (A  one-h»lf  of  a  nail,  a,  nail  itibttaace ;  4,  nor«  open  layer  of  celU  of  the  (Mil  bed  .  e,  itriNB 
Malpigliii  ol  the  nail  bed  ;  J,  tmruvencly  divided  papilla .  t,  oail  (roovc  :  /,  bonijr  Uycr  of  <*  p«Ytlcaia|  0** 
the  ivul ;  /',  papillc  or  ibe  ikln  OD  the  bock  of  the  anger. 


eponychium)  covers  the  whole  exicni  of  the  nail  bed.  3.  When,  at  a  later  period,  the  ♦poojtfci'Ui* 
splits  olT,  the  nail  is  uncovered.  After  birth  the  papillK  are  formed  on  the  bed  of  the  ruti,  ■bll' 
simultaneously  the  matrix  passes  backward  to  the  mast  posterior  part  of  the  groove. 

Absence  of  Hairs. — The  whole  of  the  skin,  with  the  exception  of  the  pftlmar  soriacc  ofibf 
hand,  sole  of  the  fnot,  dorsal  surface  of  the  third  phalanx  of  the  fingers  and  toes,  ootcr  sufftw  « 
the  eyelids,  glans  penis  inner  surface  of  the  prepuce,  and  pan  of  the  labia,  is  covered  wiUi  haiA> 
which  may  be  strong  or  fine  (lanugo). 

A  Hair  (specific  gravity  1,26)  is  fixed  by  its  lower  extremity  (root)  in  a  depression  of  the  ^ 
or  a  hair  follicle  (Fig.  272,  I,/)  which  passes  oblitiucly  ihrouRh  the  thickness  of  the  skin, ••<■ 
times  as  far  as  the  5ulH;utaneou8  tissue.  The  structure  of  a  hair  follicle  is  the  following:  I-  Tbr 
outer  fibrous  layer  (Figs.  272,  1,  278),  composed  of  interwoven  bundles  of  connective  nMd 
arranged  for  the  most  part  longitudinally,  and  provided  with  numerous  blood   vrsseU  and  Be"ei. 


[It  is  just  the  connective  tissue  of  the  surrounding  chorium.]     3.  I'he  inner  fibrous  layer  iTk>- 

illa  (?  smooth  muscular  fibres)  arranged  circuUrly* 
[it  does  not  extend  throughout  the  whole  length  of  the  follicle.]     3.  Inside  this  layer  is  s  tru*- 


273,  2,  2771  consists  of  a  layer  of  fusiform  cclli 


parent,  hyaline,  glxss-Uke  basement  membrane  (Figs.  372,  3,  277).  which  ends  at  the  ne*^  * 
the  hair  follicle;  while  above  it  is  continued  as  the  basement  membrane  which  exists  b«wic«  w 
epidermis  and  chorium.  In  addition  to  these  coverings,  a  hair  follicle  has  epithelial  cu*vnfl|* 
which  muia  be  regarded  in  relation  lo  the  layers  of  the  epidermis.  Immediately  within  the  (U* 
like  membrane  is  the  outer  root  aheatfa  (Figs.  372,  4,  377,  378),  which  consists  of  so  DanjI***!* 
of  epithelial  cells  that  it  forms  •  conspicuous  covering.     It  is,  In  fact,  s  direct  continaattoa  ^  ** 
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Ipighii,  and  coiuiats  of  many  layers  of  soft  cells,  Uic  cel)»  of  the  outer  layer  bein^  cylin* 
IcaL  Towenl  the  ba&c  of  the  hair  follicle  it  hecoines  narrower,  and  is  united  to,  and  continuous 
tb,  Ihe  cells  of  the  root  of  the  hair  itself,  at  least  in  fully. developed  hairs.  The  horny  layer  of 
t  epidermis  continues  to  retain  its  properties  as  far  down  as  the  orifice  of  the  setuiceouR  follicle, 
low  this  point,  however,  ii  is  continued  as  the  inner  root  aheatfa.  This  consists  of  ( i )  a  angle 
"^T  of  elongated,  flat,  homogeneous,  non-nucleated  cells  {F\g%.  272,  6,  277./— ///n//!  /aver) 
iced  next  and  within  the  outer  root  sheath.  Within  this  lies  (i)  //ttx/tv^s  laytr  (Figs.  372,  5, 
JtS]"  consisting  of  nucleated,  elongated,  polygonal  cells  (Fig.  272,  x,  and  3),  while  the  cutidt  of 
^  bair  follicle  is  composed  of  cells  analogous  to  those  of  the  surface  of  the  hair  itself.  Toward 
lb  of  the  hair  these  three  layers  become  fused  together. 

Fig.  278. 


Flo.  277. 
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teClian  of  a  hair  b^ow  ihe  neck  of  a  hair 

•,  outer  fibroiu  coat  with>,  blood  rcueli ; 

cinmlarly  dHp<MeiJU«er :  W,  glaai'lilte  iMver: 

»./"./•.  inner  roM  ilteaUt ;  /,  outer  l»jfer  of  the 

(Hcnle'fc 


ixjcy 


slieatK):  g.  inner   layer  of  the  uune 
sUicathI:  4.  Cuticle;  /.  lufr. 


Sectinn  of  »  hair  fulliclf  while  a  hair  ii  being  shed,  a,  nuter 
and  nili1ille«heath*uf  liairfclllcle;  h.  Iiyaltne  membrAnc; 
r,  papilla,  with  a  capillary;  4,  oncer  /  Inner  root  sheath; 
/,  outldc  of  the  latter:  /*.  Cuticle  of  (he  hair;  A,  yuung 
non-mcdjllatcd  h:u'i:  i,  tip  of  new  hair  /,  hair  knob  of 
the  shed  hair,  with  k,  the  remainder  of  the  uut-ofT  outer 
root  sheath. 


iveringB  of  a  hair  follicle  an^ngcd  from  without  inward: — 
.     £...  ,  I  (a)   r.onHtudinally  arranged  fibrous  tissue. 

I.  Fibrous  Uyers,    -^  J^j  circularly  amlnged  spindle  cells. 

3.  Glass-like  (hyaUne)  membrane. 

1(*i)  Outer  root  sheath.     -  ^     1  t    1 

4.  The  hair  ilieK. 
3« 
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T)ic  aiTccior  pili  muscle  (Pig.  273,  A)  is  a  fanliUe  arrancement  or  a  lajrer  of  smootl)  nomlir 
nbrr»,  which  t«  niiiicticl  bt:low  tu  the  &ulc  of  a  hair  follicle  and  extends  toward  the  surfft(c  af  ibt 
chorium;  as  it  ^ttl:ll:hes  obliquely  upward,  it  subtends  the  obiuM  angle  formed  by  the  hairfollide 
and  the  surface  uf  the  ^kin,  [or,  in  other  words,  it  forms  an  acute  angle  w«h  the  hair  fulliclc,  ttd 
between  it  and  the  fuUiclc  lies  ilic  sebaceous  gland].  When  thoe  mutclcs  contract,  they  run 
and  erect  the  hair  foHicles.  producing  the  condition  of  cutis  anserina  or  goose  ittn.  Aitkr 
sebaceous  gland  lies  in  the  angle  l>etwc«n  the  muscle  and  the  hair  follicle,  contraction  of  ihcamde 
compre>ae»  the  gland  and  tivors  evacuation  of  the  sebaceoum  iccrction.  It  also  compraMi  Ibc 
blood  vessel:,  of  the  papilla  {t'nna). 

The  hair  with  its  enlarged  bulbous  extremity — hair  bulb — sits  upon,  or  rather  ii  efnb(scn,ike 
papilla.  It  consists  of— ( 1)  tlie  imtrrow  or  tneduUa  (  Kig.  272,  i)  which  \i  atfseiu  in  wooUjr  hw 
and  in  the  hairs  formed  durinj^  the  lir^t  years  of  life.  It  con&l'^t&  of  two  or  three  rows  of  cibiol 
cells.  {\\,  t).  (2j  Outside  this  lies  the  thicker  corteK  (4),  which  cnnKists  of  elongated, rieid,bonft 
librout  cclU  (H,/,/),  while  in  and  L>etween  these  cells  lie  the  ijigment  granulei  of  the  btir.  l]l 
The  surface  of  the  hair  is  covered  with  a  cuticle  (4),  coruuiing  of  imbricated  Uycn  of  Ma 
nucleated  vquames. 

Grajr  Hair. — When  the  hair  becomes  ^ay,  as  in  old  age,  this  is  due  to  a  defective  fomutioa  of 
pigment  in  the  cortical  part.  The  silvery  appearance  of  white  hair  is  increased  when  stnall  s)( 
cavities  are  developed,  e5|>ecially  in  the  medulla  and  to  a  less  extent  in  the  cortex,  where  they  it- 
fleet  the  light.  I^andois  records  a  case  of  the  hair  becoming  ludilenly  gray  in  a  man  v  hose  hu 
became  gray  during  a  single  night,  in  the  course  of  an  attack  of  delirium  tremens  Numcrou  Al 
spaces  were  found  throughout  the  entire  marrow  of  the  (blond)  balr»,  while  the  hair  pigment  till 
remained. 

Development  of  Hair. — According  to  K^Jlliker,  from  the  izth  to  13th  week  of  intra-menat 
life,  solid  fmger-likc  processes  of  the  epidermis  are  pushed  down  into  the  chonum.  The  pfoce* 
becomes  (lasked  shaped,  while  the  central  cells  of  the  cylinder  become  elongated  and  form  a  cooicrf 
tKMly,  arising  as  it  were  from  the  depth  of  the  recess.  It  soon  dtflcrentiates  into  an  inner  duia 
pan,  which  becomes  the  hair,  and  a  thinner,  clearer,  layer  covering  the  former,  the  tnoer  not 
ibeatli.  Tlie  outer  celts,  i"  c  ,  ihoic  lying  next  the  wall  of  the  sac,  form  the  outer  root  dieaft. 
Outside  this,  again,  the  fibrous  tissue  of  the  chorium  forms  a  rudimentary  hair  follicle,  while  ooe<rf 
the  napilb:  grows  up  against  ii,  indents  it,  and  becomes  embraced  by  the  bulb  of  the  hair.  Iti*  ■• 
the  nair  papilla,  which  contains  a  loop  of  blood  vessels.  The  cells  of  the  bulb  of  the  hair  praltf- 
crate  rapidly,  and  thus  the  hair  grows  in  length.  The  point  of  the  hair  is  thereby  gradually  podifd 
upward,  pierces  the  inner  root  sheath,  and  passes  obliquely  through  the  epidermis.  The  haia  t^ 
pear  upon  the  forehead  at  the  iQih  week;  at  the  23d  to  25th  week  the  lanugo  baits  appearm* 
and  they  have  a  characteristic  arrangcmenl  on  different  pans  of  the  lv>dy. 

Physical  Properties.  — Hair  has  very  considerable  elasticity  (stretching  to  0.33  of  it*  leagU), 
considerable  cohesion  (carrying  3  to  5  lbs.),  resists  putrefaction  for  a  long  lime,  and  is  highly  bjpo- 
»co]iic.  The  ta&t  property  is  also  posses.^d  by  epidermal  scales,  as  is  proved  by  the  pajrts  thai  otal 
in  old  wounds  and  scars  during  damp  weather. 

Orowth  of  a  hair  occurs  by  proliferation  of  the  cells  on  the  surface  of  the  bur  papilla,  the«  drill 
represoniing  the  matrix  of  the  hair.  Ijiycr  after  layer  is  formed,  and  gradually  the  hair  is  ruMd 
higher  wit^n  its  follicle. 

Change  of  the  Hair. — Tlie  results  are  by  no  means  uniform.  According  to  one  «icw,«t>ei 
the  hair  has  reached  its  full  len;;th,  tlic  process  of  formation  on  the  surface  of  the  hair  pafalla  is  is 
terruptcd  :  the  root  of  the  hair  is  raised  from  the  |iapilla,  liecomes  horny,  remains  tlmosl  devni)  o( 

{>igmcnt,  anfl  is  gradually  mure  and  ninrc  lifted  upward  from  the  surface  of  the  {)ai>ilU.  while  lU 
ower  bulbous  end  becomes  split  up  like  a  lirush.  The  lower  empty  pan  of  the  hair  follicle  brcfliBe* 
smaller,  while  on  the  olrl  papilla  a  new  formation  of  a  hair  begins  the  old  hair  at  the  Mine  lun 
Calling  out  (  Kolliktr^  t\  Langrr).  According  lu  Stieda.  the  old  papilla  disappears,  while  a  f»e«  Ml 
is  formed  in  the  hair  follicle,  and  fmni  it  the  new  liair  is  developed. 

According  to  Gdtte,  in  addition  10  the  hair  which  grows  on  the  ftapilta,  other  hairs  developed  frc* 
the  outer  root  sheath  are  formed  in  the  same  hair  follicle.  Unna  aga'n  descnL>es  the  growlJl  w' 
clunge  of  the  hair  dilTcrcnlly.  lie  believes  that  each  hair  grows  for  a  lime  from  the  surface  irf  •*« 
papilla.  It  then  frees  itself,  and  with  its  brush-like  lower  end  or  bulb  is  tr,iHjfian/tii »nev aiM 
outer  root  shealh,  alwut  the  middle  of  the  hnir  follicle.  The  free  iMipilla  can  thus  pn>diiCf  t  ae* 
hair,  which  may  even  grow  alongside  the  former,  until  the  former  falls  out.  New  recesses  with  W 
)iaptll.v  are  formed  latterly  in  the  hair  follicle,  and  from  them  new  hairs  arise. 

285.  THE  GLANDS  OF  THE  SKIN.— The  sebaceoua  glands  \V%.  272.  I,  T)  «t 
simple  acinous  glands,  which  open  by  a  duel  into  the  hair  f  dliclci  of  large  hairs  near  their  uR* 
pail ;  in  the  caM:  of  <>mall  hairs,  they  may  project  from  the  duct  of  the  gland  (Fig.  270  >  In  «>■« 
Ktluations,  the  ducts  of  ihe  glands  open  free  upon  the  surface,  r.  g.,  ihe  glands  of  Ubii  miaoa. 
glans.  prepuce  (Tyson's  glands),  and  the  red  margins  of  the  Itps.  The  largest  glarMls  occsr 
nose  and  in  the  labia ;  they  are  absent  only  from  the  vola  manus  and  plania  pedis.  The 
alveoli  of  the  gland  consist  of  a  basement  memt*rane  lined  with  small  polyhedral  nucleaiedi 
secretory  cells  (I'ig-  272,  t).  Within  this  are  other  polyhedral  cells,  whose  substance  cunlain  1 
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■lobules ;  ihe  cells  become  more  fatty  as  we  pro-  Ftn.  279. 

ward  the  centre  of  tlic  alveolus.     The  cells  lining 

I  are  continuous  with  those  of  the  outer  root  sheath.  / 

riim  rormc<l  by  the  fatty  mctamorjihosts  of  the  cells  | 

tes  the  aebum  ur  scbaccuus  secretion. 

sweat  glands  (Kig.  372,  I,  i),  •someum^i  called 

laroua  ^lanrU.  consist  of  a  long  blind  tube,  whose  j* 

nd  is  iirrangeil  in  Ihc  form  o(  a  coil  placed  iu  the 

tissue  nnder  the  fikin,  while  the  somewhat  smaller 

nd  or  excretory  portion  winds  in  a  vertical,  slightly 

ce  manner,  through  the  chorium.  and  in  a  cork- 

r  spiral  manner  through  the  epidermis,  where  it 

'ith  a  free,  somewhat  trumpet  stinped  mouth.     The 

are  both  veiy  numerous  and  large  in  the  palm  of 

d.  sole  of  the  foot,  axilla,  forehead,  and  around  the 

few  on  the  bock  of  the  trunk,  and  arc  absent  on 
IS.  prepuce,  antl  margin  of  the  lij>s.  'I'he  circum- 
ands  and  the  ccniminous  glands  uf  the  cMcrnal 
r  meatus,  and  Moll's  glands,  which  open  into  the 
Hides  of  the  eyelashes,  are  modifications  of  the 
lands. 

gland  tube  consists  of  a  basement  membrane  lined 

;  the  excretory  \xin  or  sweat  canal  of  the  iut>e 

by  Sft-rral  layers  of  cubical  cells,  wliose  surface  is 

by  a  ilelicate  cuttcular  layer,  a  small  central  lumen 
;fi.  Within  the  coil  the  structure  is  different.  The 
t  of  the  cuil  resembles  the  above,  but  a>  the  coil  is 

secretory  part  of  the  gland,  irs  structure  differs 
c  sweat  canal.  This,  the  sn-called  i/istai  {wrtion  of 
:.  is  lined  by  a  sin^U  layer  of  inoilerately  tall,  clear 
ed  cylindrical  epithelium  (Mg.  373.  S),  often  con- 
oil  globules  {/*o«M>/).  Smooth  muscular  fibres 
rr)  ore  arranged  longitudinally  along  the  tube  in  Sclmccuai^iUnd.wiLh  alanueohdir.  n.graou- 
ce  glands  (Fig.  273,  S,  a).  There  is  a  distinct  Ur  epiilidHirn ;  /(  rcic  M«ipi«i,ii  cjininu- 
pr.«„t  in  the  tube.  A.  .he  due.  pa«e,  through  J-'Ji,'*  -,;  \±"^^:,  ^T^ 
Icrnns,  it  winds  its  way  between  the  epidermal  cells  hair.y. 

any  independent  membrane  lining  it  {//rtnold). 
ork  of  capillaries  surrounds  the  coil.     Heforc  the  aneries  split  up  into  capillaries,  ihey 
true  rete  mirabilc  around  the  coil  (BrQckc).     This  is  comparable  to  the  glomerulus  uf  the 

which  may  also  be  regarded  as  a  rete  mirabile.  Numerous  nerves  pass  to  form  a  plexus, 
minate  in  the  glands  (  7'omsa). 

total  number  uf  sweat  glands  is  estimated  by  Kntuse  at  2)1^  millions,  which  gives  a  secretory 
of  nearly  1080  sfjuarc  metres.  Tkfif  glandi  secrete  sweat.  Nevertheless,  an  oily  or  fatty 
ce  is  often  mixed  with  the  sweat.  In  some  animals  (glands  in  the  sole  of  the  foot  of  the 
d  in  birds)  this  oily  secretion  is  very  marked. 

kpbatics. — Numerous  lymphatics  occur  in  the  cutis;  some  arise  by  a  blind  end,  and  others 
□ps  within  the  papilla,  on  a  plane  lower  than  che  vascular  capillary.  [These  open  into  more 
horizontal  networks  of  tubular  lymphatics  in  the  cutis,  and  these  again  into  the  wide  lym* 
of  the  subcutaneous  tissue,  which  are  well  provided  with  valves.]  Special  lymphatic  spaces 
wscd  in  relation  with  the  hair  follicles  and  their  glands  {Neuwantt],  [and  also  with  the  fat 
f.  The  lymphaticsof  the  skin  are  readily  injected  with  Berlin  blue  by  the  puncture  method.] 
blood  vessels  of  the  skin  nre  arranged  i)i  several  systems.  There  is  a  superficial  system, 
hich  proceed  the  capillaries  for  the  papilLc.  There  is  a  dceiicr  system  of  vessels  which 
i  special  blood  vessels  to  \a\  the  fatty  tissue;  [h)  the  hair  foliicles,  tach  of  which  has  a 
vascular  arrangement  of  its  own,  and  in  connection  with  this  each  sebaceous  gland  receives 
4I  artery :  (<-)  an  artery  goes  also  to  each  coil  of  a  sweat  gland,  where  it  forms  a  dense  plexus 
lanes  ( Ti'mia\. 

.  THE  SKIN  AS  A  PROTECTIVE  COVERING.— The  sub- 
icous  fatty  tissue  fills  up  the  depression  between  adjoining  parts  of  the 
and  covers  projecting  parts,  so  that  a  more  rounded  appearance  i>f  the  body 
rcby  obtained.  It  also  act;*  as  a  soft,  elastic  pad  and  protects  delicate  parts 
:xternal  pressure  (sole  of  the  foot,  palm  of  the  hand),  and  it  often  surrounds 
rotects  blood  vessels,  nerves,  etc.  It  is  a  bad  conductor  of  heat,  and  thus 
i  one  of  the  factors  regulating  the  radiation  of  heat  (§  214,  11,  4j,  and,  there- 
he  temperature  of  the  body.     The  epidermis  and  cutis  vera  also  act  in  the 
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same  manner  (§  2u).  Klug  found  that  the  heat  conduction  is  less  through  iJw 
skin  and  subcutaneous  fatty  tissue  than  through  the  skin  alone ;  the  epidermtj 
conducts  heat  less  easily  than  the  fat  and  the  chorium. 

The  solid,  elastic,  easily  movable  cutis  affords  a  good  proUcHon  agaimsi  exUml, 
mechanical  injuries ;  while  the  dry,  impermeable,  horny  epidermis,  devoid  of 
nerves  and  blood  vessels,  affords  a  further  protection  against  the  absorption  of 
poisons,  and  at  the  same  time  it  is  capable  of  resisting,  to  a  certain  degree,  tl 
and  even  chemical  actions.  A  ihin  layer  of  fatty  matter  protects  the  frecwrf 
of  the  epidermis  from  the  macerating  action  of  fluids,  and  from  the  disintegraling 
action  of  the  air-  The  epidermis  is  important  in  connection  with  x\\t  fiutdi  ojtkt 
bojy.  It  exerts  a  certain  pressure  upon  the  cutaneous  capillaries,  and,  to  a  limited 
extent,  prevents  loo  great  diffusion  of  fluid  from  the  cutaneous  vessels.  I'lrtsof 
the  skin  robbed  of  their  epidermis  are  red  and  are  always  moist.  When  drf,  the 
epidermis  and  the  epidermal  appendages  are  bad  conductorsof  electricity  ($3261 
Lastly,  we  may  say  that  the  existence  of  uninjured  epidermis  prevents  adjoining 
parts  from  growing  together. 

An  the  epidermis  is  but  slightly  extensile,  it  is  stretched  over  the  folds  and  papillfe  of  ihe  Mil 
vera,  which  becomes  level  when  the  skin  is  siretched,  and  the  papilbc  nay  even  disappear  wtb 
strung  ten&ion  {tfufimii). 

087.  CUTANEOUS   RESPIRATION:    SEBUM-SWEAT.-The 

skin,  with  a  surface  of  more  than  1^  square  metres,  ha^  the  following  secretory 
functions: — 

1.  The  respiratory  excretion  ; 

2.  The  secretion  of  sebaceous  matter  ;  and 
z.  The  secretion  of  sweat. 

[Besides  this  the  skin  is  protective,  contains  sense  organs,  is  largely  coti- 
cerned  in  regulating  the  temperature, and  may  be  concerned  in  absorption.] 

I.  Respiration  by  the  skin  has  been  rererred  to  already  ((  131'!.  The  organs  ihereinct*- 
ccrncd  aie  the  iwha  of  the  sweat  ^Inntls.  niuUtL-ncd  as  tlicy  are  with  Huids,  and  nurnunded  try  a 
rich  network  of  ca|iilbrie*.  It  is  uncenain  wbcihcr  or  not  the  skin  n»ves  off  a  smill  aiXKmni  0*  N 
or  ammonia.  RShrig  made  experiments  upon  an  arm  place<l  in  an  Airtight  metal  hox.  AcoordtnR 
to  him,  the  amount  of  C<.i,  and  H  .O  excreted  is  subject  t^  certain  illily  variations ;  it  i*  incrcaHd 
by  digestion,  increaud  temperature  of  ihe  wirroundin(;s,  the  application  of  cutaneous  sumart.  tad 
by  impeding  the  pulmonoi>'  respiration.  The  exchange  of  gases  also  depends  apon  the  v»aculin<? 
of  certain  parts  of  the  skin,  while  the  cutaneous  absorpUoo  uf  U  also  depends  upon  the  number  of 
colored  corpuscles  in  the  bhjod. 

In  fngm  and  other  amphibians,  with  a  thin,  always  moist  epidermis,  the  cutaneous  rcapintion* 
more  considerable  than  in  wann-l>l<HHieii  anintnts  In  winter  ('i^i^i,  the  sktn  alone  yields  ;^  of  ttM 
total  amount  of  CO,  excreted  ;  in  summer  frogs,  J.j  of  the  same  \JBtJiier);  thus,  in  these  animaWIt 
is  a  more  important  respiratory  or^an  than  the  lungs  themselves. 

Suppresaion  of  the  cutaneous  activity,  r.^.,  by  varnishing  or  dipping  the  stctn  in  nil.  catai^ 
death  by  asphyxia  sooner  than  ligature  of  the  lungs.  Varnishing  the  Skio. — When  the  skio  * 
a  warm-blooded  animal  is  covered  with  an  impermeable  varnish  [such  as  gelatin]  f/>i»ff<»*^' 
Btiquertl^  Brtektt)^  dealh  occur*  after  a  time,  probably  owing  to  the  loss  of  too  mucn  heat.  "^^ 
formation  of  crystalline  ammnnio-magncsic  phosphate  in  Ihe  cutaneous  tissues  of  such  ani 
{Edrmhiiiiem\  is  not  sufficient  to  account  for  death,  nor  arc  congestion  of  internal  organs  and 
tffusiont  satisfactory  explanationi.  The  reteniion  of  the  v>->Iatile  substances  (acids)  present  1) 
sweat  is  not  sufficient.  Strong  animals  live  longer  than  feeble  ones;  horses  die  aAer  wveral 
yGerhxch)',  they  shiver  and  lose  Hesh.  The  larger  the  cutaneous  surface  left  unvarnished,  the 
(foes  death  take  place.  Rabbits  die  when  ;^  of  iheir  surface  is  varnished.  When  the  entire  so 
of  the  animal  is  vamishcfl,  the  temperature  rapidly  falls  |to  19°) ;  the  pulse  and  rcspiraticmt  r^^f 
usually  they  fall  when  the  varnishing  process  is  limited;  increased  fretjuency  of  respiratkMi  has 
ot»erved  ||  225).  I*igs,  dog5,  horses,  when  one-half  of  ihe  body  is  vamishe<i,  eshibit  only  a  —^  . 
porary  fall  of  the  temperature,  and  show  signs  of  weakness,  but  do  not  die  ( Eltrnher^rr  amd  ^^^ 
meiifer).  [In  extensive  bums  of  the  skin,  not  only  is  there  disintegration  of  the  colored  I^J**'' 
corpuscles  i  ;•.  Leaers,  but  in  some  cases  ulcers  occur  in  ihe  duodenum.  The  cause  of  Ihe  ut 
lion,  however.  ha>  not  been  ascertained  sntiafaciorily  {Curling)^ 

3.  Sebaceous  Secretion. — The  fatty  matter  as  it  is  excreted  from  the  acio/ 
of  the  sebaceous  glands  is  fluid,  but  even  within  the  excretory  duct  of  the  glaiitf 
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stagnates  and  forms  a  white,  fat-like  mass,  which  may  sometimes  be  expressed 
(at  the  side  of  the  nose)  as  a  worm  like,  white  body,  the  so-called  comedo.  The 
sebaceous  matter  keeps  the  skin  supple,  and  prevents  the  hair  from  becoming  loo 
dry.  Microscopically,  the  secretion  is  seen  to  contain  innumerable  fatty 
granules,  a  few  gland  cells  filled  with  fat,  visible  after  the  addition  of  caustic 
soda,  crystals  of  cholesterin,  and  in  some  men  a  microscopic,  mite-tike  animal 
(Demodcx  foUiculorum). 

Chemical  Composition. — The  coiwituents  are,  for  the  most  part,  fatty ;  chiefly  o/c/n  (fluid)  and 
paimittn  (wild)  fat,  soaps  and  some  cholesterin;  a  small  amuunt  of  alUimin  and  unknown  ex- 
tractives. Among  the  inorganic  constituents,  the  insoluble  earthy  phosphates  ore  most  abundant ; 
vrhiLe  the  alkaline  chlorides  and  pht/s|>haic&  arc  less  abundant. 

The  vemix  caseosa,  which  covers  ilic  skin  of  a  new-born  child,  is  a  greasy  mixture  of  sebaceous 
matter  and  macerated  epidermal  cells  (containing  47  5  [ler  cent.  fai).  A  similar  product  is  the 
amegma  pneputialus  (52.8  per  cent,  fat),  in  which  an  ammonia  soap  is  present. 

The  cerumen,  or  car  wax,  is  a  mixture  of  the  secretions  of  the  cernminous  glands  of  the  ear 
(rimilar  in  structure  to  the  sweat  glands)  and  the  seltaceous  glands  of  the  auditory  c&nal.  Uesides 
the  constituents  of  sebum,  it  conlolns  yellow  or  brownish  particles,  a  bitter  yellow  extractive  sub- 
stance derived  from  the  ceruminous  glands  potash  soaps  and  a  special  lat  [Seruitus).  The  secre- 
tion of  the  Meibomian  glands  is  sebum. 

[Lanoline. — Licbrcich  tinds  in  feathers,  hairs,  wool,  and  keratin  tissues  generally,  a  cholesterin 
fat.  which,  however,  is  not  a  true  fat,  although  it  saponities,  but  an  ethereal  compound  of  certain 
fany  adds  with  cholesterin.  In  commerce  it  is  obtained  from  wool,  and  is  known  by  the  above 
oanic :  it  forms  an  admirable  iKisis  for  ointments,  and  it  is  very  readily  absorbed  by  the  skin.]  Thus, 
the  fat-like  substance  for  protecting  the  epidermis  is  partly  formed  along  with  Iteratin  in  the  epi* 
dermis  itself. 

■  3.  The  Sweat. — The  sweat  is  secreted  in  Ihe  coil  of  the  sweat  glands.  As 
^ng  a*,  the  secretion  is  small  in  amount,  the  water  secreted  is  evaporated  at  once 
from  the  skin,  along  with  the  volatile  constituents  of  the  sweat  ;  as  soon,  how- 
ever, as  the  secretion  is  increased,  or  evaporation  is  prevented,  drops  of  sweat 
appear  on  the  surface  of  the  skin.  The  fonner  is  called  insensible  perspira- 
tion, and  the  latter  sensible  perspiration.  [Broadly,  the  quantity  is  about  2 
lbs.  in  twenty-four  hours.]: 

The  lensible  perspiration  varies  greatly ;  as  a  rule,  the  right  side  of  the  bo<ly  perspires  more 
freely  than  the  left.  I'he  palms  of  the  hands  secrete  most,  then  follow  the  soles  of  the  feet,  cheek, 
breast,  upper  arm  and  forearm  \Peijnr).  It  falls  from  morning  to  mid-day,  and  rises  again  toward 
evening  ( TaHisen). 

Method. — Sweat  is  obtained  from  a  man  by  placing  him  in  a  metallic  vessel  in  a  warm  bath  ; 
the  sweat  is  rapidly  secreted  and  collected  in  the  vessel.  In  this  way  Favre  collected  25&0  grammes 
of  sweat  in  i>jf  hours.  An  arm  may  be  inclosed  in  a  cylindrical  vessel,  which  is  fixed  air  tight 
round  the  arm  with  an  clastic  bandage  {StMottin). 

Among  animals,  the  horse  sweats,  so  does  the  ox,  but  to  a  less  extent ;  the  vola  and  planta  uF 
apes,  cats  and  the  hedgehog  secrete  sweat ;  the  snout  of  the  pig  sweats  (?),  while  the  goat,  rabbit, 
rat,  motise  and  dog  are  uid  not  to  sweat  {^Lttfhxin^er).  [The  skin  over  the  body  and  the  pad  on 
the  dog's  foot  contain  numerous  sweat  glands,  which  open  free  on  ttie  surface  of  the  pad  and  into 
the  hair  follicles  on  the  general  surface  of  the  skin  (  W.  StirUng).'\ 

Microscopically. — The  sweat  cnnlatns  only  a  few  epidermal  scales  accidentally  mixed  with  it, 
and  fine  faity  granules  from  the  sebaceous  glands. 

Chemical  Composition. — Its  reaction  is  alkaline,  although  it  frequently  is 
acid,  owing  to  the  admixture  of  fatty  acids  from  decomposed  sebum.  During 
profuse  secretion  it  becomes  neutral,  and,  lastly,  alkaline  again  {^TrUmfiy  ami 
Lttihsinger).  The  sweat  is  colorless,  slightly  turbid,  of  a  saltish  taste,  and  has  a 
characteristic  odor,  varying  in  different  [arts  of  the  body  ;  the  odor  is  due  to  the 
presence  of  volatile  fatty  acids.  The  constituents  are — wattr,  which  is  increased 
by  copious  draughts  of  that  fluid.  The  solids  amount  to  1.180  per  cent.  (0.70 
to  3.66  per  cent. — Funkt)y  and  of  these  0.96  ]>er  cent-  is  organic  and  0.33  inor- 
ganic. Among  the  organic  constituents  are  neutral  fats  (palmitin,  stearin),  also 
present  in  the  sweat  of  Ihe  lalm  of  the  hand,  which  contains  no  sebaceous  glands 
{Krause),  cholesterin^  volatile  fatty  acids  (chiefly  formic,  acetic,  butyric,  propionic, 
caproic,  capric  acidb),  varying  qualitatively  and  quantitatively  in  different   parts 
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of  the  body.  These  acids  are  most  abundant  in  the  sweat  first  (acid)  sccreio). 
There  are  also  traces  of  aibumin  (similar  to  casein),  and  urea,  about  o  \  |)errcnt. 
\  Funke.,  Puard).  In  ur?emic  condilinns  (anuria  in  cholera),  urea  has  been  fonnd 
crystallized  on  the  skin  {S^/iottin,  Dnuche).  When  the  secretion  of  sweat  » 
greatly  increased,  the  amount  of  urea  in  the  urine  is  diminished  both  in  hallh 
and  in  urxmia  {Leube).  The  nature  of  the  reddish-yellow  pigment,  which  » 
extracted  from  the  residue  of  sweat  by  alcohol,  and  colored  green  by  oxalic  arid, 
is  unknown.  Among  inorganic  constituents,  those  that  are  easily  soluble  arc  more 
abundant  than  those  that  are  soluble  with  difficulty,  in  the  projKirtion  of  17 
to  I  {S€kottiti)\  sodium  chloride,  0.3  ;  potassium  chloride,  o.  a  ;  sulphates,  o.oi 
JKT  1000,  together  with  traces  of  earthy  phosphates  and  sodium  phosphate.  Swat 
contains  CO,  in  a  state  of  absi)r|>tion  and  some  N.  When  decomposed  with  fr« 
access  of  air,  it  yields  ammonia  salts  (^Gorup-Brsanet). 

Excretion  of  Substances. — Some  substances  when  inlroduced  into  the  bodf  reappear  in  the 
fweat;  benzoic,  cinnamtc,  tartaric  and  succinic  acids  are  readily  riccretcil ;  tjointne  and  poiMB 
iodide  with  more  difficulty.  Mercuric  chloride,  atseiTious  and  arsenic  acids,  siidiam  and  [KjCvdUii 
.irseniaie  have  also  been  found.  After  taking  arseniate  of  iron,  arsenioa*'  acid  has  l*een  found  o 
the  sweat,  and  iron  in  the  orine.  Mercury  iodide  reappears  as  a  chloride  in  the  swe*!^  wlitle  ilw 
iodine  occurs  in  the  saliva. 

Formation  of  Pigment.^The  leucocytes  furnish  the  material,  and  the  pig- 
ment is  deposited  in  granules  in  the  deeper  layers,  and,  to  a  less  extent,  io  the 
upper  layers  of  the  rcte  Malpighii.  This  occurs  in  the  folds  around  the  jnus 
scrotum,  nipple  [especially  during  pregnancy],  and  everywhere  in  the  colorcil 
races.  There  is  a  diffuse,  whitish-yellow  pigment  in  the  stratum  corneum,  which 
becomes  darker  in  old  age.  The  pigmentation  depends  on  chemical  proccwo, 
reduction  taking  place,  and  these  processes  are  aided  by  light.  Granular  pig* 
ment  lies  also  in  the  layers  of  prickle  cells.  The  dark  coloration  of  the  skin  iwy 
be  arrested  by  free  O  [hydric  peroxide],  while  the  corneous  change  is  prevcntctl 
at  the  same  time  {C/nna). 

Pathological. — To  tht^  belongs  the  formation  of  liver  spots  or  chloasma,  freckles,  and  iIk 
pigmenutiun  of  Addison's  disease  [pi^nicutniiun  round  old  ulccn,  etc.,  ]  {\  loj.  IVi.  [Tke 
curious  cases  of  piijnieuiatiun,  especially  in  neurotic  woiueii,  eg.,  in  the  eyelids,  deacrrc  wllw 
siudy  in  relation  to  the  [>art  playeil  by  the  nervous  system  in  this  process.] 

a88.  INFLUENCE   OF   NERVES   ON   THE  SECRETION  OF 

SWEAT. — -Phe  secretion  of  the  skin,  whic  h  averages  about  ^  of  the  Ixxlv 
weight,  /.^.,  about  double  the  amount  of  water  excreted  by  the  lun^s.  nuybc 
increased  or  diminished.  The  liability  to  perspire  varies  much  in  different  indi- 
viduals. The  following  conditions  influence  the  secretion:  1.  Increased  tem- 
perature of  the  surroundings  cati.<;es  the  skin  to  become  red,  whtle  there  is  a  pro- 
fuse secretion  of  sweat  (§  214,  11,  i).  Cold,  as  well  as  a  tcni|iorature  of  the  skin 
about  50°  C,  arrest  the  secretion.  2.  A  very  watery  condition  Of  the  blood, 
e.f^.j  after  copious  draughts  of  warm  water,  increases  the  secretion.  3.  Incrciscd 
cardiac  and  vascular  activity,  whereby  the  blood  pressure  within  (he  t-utA* 
neous  capillaries  is  increased,  has  a  similar  effect ;  increased  sweating  follow 
increased  muscular  activity.  4.  Certain  drugs  favor  sweating,  e.g ,  pi*'>- 
car]>in.  Calabar  bean,  strychnin,  picrotoxin,  muscann,  nicotin,  camphor,  ammon" 
compounds,  while  others,  as  atropin  and  morphia,  in  large  doses.  dtmiDt>h  o^ 
paralyze  the  secretion.  [Drugs  which  excite  copious  perspiration,  so  that  11  sund^ 
as  beads  of  sweat  on  the  skin,  are  called  sudorifics,  while  those  that  exciic  '*" 
secretion  gently  are  diaphoretics,  the  difference  iK-ing  one  of  degree.  Tfc 
drugs  which  lessen  the  secretion  are  called  antihydrotics.]  5.  It  is  intFiorC 
to  notice  the  antagonism  which  exists,  probably  upon  rnerhantcal  grounds.  l>ct»*co 
the  secretion  of  sweat,  the  urinary  secretion,  and  the  evacuation  of  the  iniestiM- 
Thus,  copious  secretion  of  urine  (^--^f.,  in  diahetes)  and  watery  stools  coincide 
with  dryness  of  the  skin.     If  the  secretion  of  sweat  be  increased,  the  ))ercentti|Q 
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salts,  urea  iFunie)^  and  albumin   is  also  increased  (Zifudr),  while  the  other 

organic  substances  are  diminished.     The  more  saturated  the  air  is  with  watery 

vapor,  the  sooner  docs  the  secretion  appear  in  drops  upon  the  skin,  while  in  dry 

air  or  air  in  motion,  owing  to  the  rapid  evaporation,  the  formation  of  drops  of 

^rcat  is  prevented,  or  at  least  retarded.     [The  complementary  relation  between 

^Bie  skin  and  kidneys  is  known  to  every  one.     In  summer,  when  the  skin  is 

Active,  the  kidneys  separate  less  water;  in  winter,  when  the  skin  is  less  active,  it 

is  told  and  comparatively  bloodless,  while  the  kidneys  excrete  more  water,  so  thai 

the  action  of  these  two  organs  is  in  inverse  ratio.] 

The  influence  of  nerves  upon  the  secretion  of  sweat  is  very  marked. 

I.   Just  as  in  the  secretion  of  saliva  (§  145),  vasomotor  nerves  are  usually  in 

action  at  the  same  lime  as  the  proper  secretory  nerves;  the  vaso-dilator 

nerves  (sweating  with  a  ret/  Cimgested  skin)  are  most  frequently  involved.      The 

fact   that  secretion  of  sweat  does  occasionally  lake  place  when  the  skin  is /!»/«- 

(fear,  death  agony)  shows  that,  when  the  vasomotor  nerves  are  excited,  so  as  to 

^onsirict  the  cutaneous  blood  vessels,  the  sweat -secretory  nerve  fibres  may  also  be 

H^t'ndcT  certain  circumstances  the  amount  of  blood  in  the  sicin  seems  (o  determine  Ihe  occurrence 
Hb  tweaiing;  thus  Dupuy  found  that  action  of  the  cervical  sympathetic  caused  secretion  on  that 
^Xde  of  the  neck  of  s  hnrse ;  white  Xit/elnadcl  found  that  percutaneous  electrical  stimulation  of 
the  cervical  sympathetic  in  nun  limiteil  the  swcatiii|{.1 

[We  may  draw  a  parallel  between  Ihi:  secretion  of  saliva  and  that  of  sweat.  IJoth  are  formed 
in  glands  derived  from  the  ouier  layer  of  the  embr)*o.  Both  arc  formed  from  lymph  supplied  by 
the  blotMl  stream,  and  if  the  lymph  be  in  suHicieiit  (|uantity,  secretion  may  talte  place  when  there  is 
no  circulation,  although  in  both  cas:s  secretion  i%  mof^x.  lively  when  the  circulation  is  most  active 
and  the  secretory  nerve»  of  both  are  excited  simultaneously ;  both  have  secretory  nerves  distinct 
from  the  nerves  of  the  blooil  vessels;  buth  may  be  paralyzed  by  the  action  of  the  nervous  system, 
or  in  disease  (fever),  or  conversely,  both  are  paraty/eil  by  atropine  and  excited  by  other  drugs,  c^., 
fHlocarpin.  In  the  gland  cells  of  both  histological,  changes  accompany  the  secretory  act,  and  no 
Joubt  similar  electro-mutor  phcnometia  occur  iu  both  glands.] 

^L  n.  Secretory  nerves,  altogether  independent  of  the  circulation,  control  the 
Bfecretion  of  sweat.  Stimulation  of  these  nerves,  even  in  a  limb  which  has  been 
amputated  in  a  kitten,  causes  a  temporary  secretion  of  sweat,  i.f.^  after  complete 
arrest  of  the  circulation  {Goitt^  Kendaii  and  Luchsinger^  Ostnmmow).  In  the 
intact  condition  of  the  body,  however,  profuse  perspiration,  at  all  events,  is 
always  associated  with  simultaneous  dilatation  of  the  blood  vessels  (just  as,  in 
stimulation  of  the  facial  nerve,  an  increased  secretion  of  saliva  is  associated  with 
an  increased  blood  stream^^  145,  A,  I).  The  secretory  nerves  and  those  for 
the  blood  vessels  seem  to  lie  in  the  same  nerve  trunks. 

The  secretory  nerves  for  the  hind  limbs  (cat)  lie  in  the  sciatic  nerve.  Luch- 
singer  found  that  stimulation  of  the  peripheral  end  of  this  nerve  caused  renewed 
secretion  of  sweat  for  a  period  of  half  an  hour,  provided  the  fool  was  always  wiped  to 
remove  the  sweat  already  formed.  If  a  kitten,  whose  sciatic  nerve  is  divided  on 
one  side,  be  placed  in  a  chamber  filled  with  heated  air,  all  the  three  intact  limbs 
soon  begin  to  sweat,  but  the  limb  whose  nerve  is  divided  does  not,  nor  does  it  do 
so  when  the  veins  of  the  limb  are  ligatured  so  as  to  produce  congestion  of  its 
blood  vessels.  [The  cat  sweats  only  on  the  hairless  soles  of  the  feet.]  As  10  the 
course  of  the  secretory  fibres  to  the  sciatic  nerve,  some  pass  directly  from  the 
spinal  cord  (f^/^/aw),  some  pass  into  the  abdominal  sympathetic  f/wMjrrt^^r, 
Naturocki,  Ostroumow)^  through  the  rami  communicantes  and  the  anterior  spinal 

Fots  from  the  upper  lumbar  and  lower  dorsal  spinal  cord  (9th  to  :3th  dorsal  ver- 
bras— cat)  where  the  sweat  centre  for  the  lower  limbs  is  situated. 
The  sweat  centre  may  be  excited  directly:  (i)  By  a  strongly  venous  con- 
dition of  the  blood,  as  dunng  dyspncea,  e.  g.,  in  the  secretion  of  sweat  that  some- 
times precedes  death;  (2)  by  overheated  blood  (45°  C.)  streaming  through  the 
centre;  (j)  by  certain  poisons  (see  p.  486).  The  centre  may  be  also  excited 
reflexly,  although  the  results  are  variable,  e.g.^  stimulation  of  the  crural  and 
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peroneal  nerves,  as  well  as  the  central  end  of  the  opposite  sciatic  nerve  excitait 
{Luchsin^^cr).  [The  pungency  of  mustard  in  the  mouth  may  excite  free  penpm* 
tion  on  the  face.] 

Anterior  Extremity. — The  secretory  fibres  lie  in  the  ulnar  and  median  ncrm, 
for  the  t'orc  limbs  of  the  cat;  most  of  them,  or  indeed  all  of  thero  {NaKrcck'} 
pass  into  the  thoracic  sympathetic  (Ggl.  stellatum),  and  |>art  (?)  runs  in  the  nenv 
roots  direct  from  the  spinal  cord  (Luchsingtr^  Vuipian^  Oii)-  A  similar  swett 
centre  for  the  upper  limbs  lies  in  the  lower  part  of  the  cervical  spinal  cord.  Stio- 
ulation  of  the  central  ends  of  the  brachial  plexus  causes  a  reflex  secretion  of  nrat 
upon  the  foot  of  the  other  side  {Aiiamhe^us).  At  the  same  time  the  hind  feci 
also  perspire. 

Pitholo^caL— .negeneration  of  ihe  motor  ganglia  of  the  aoteHor  horns  of  the  spinal  cnrd  csua 
loss  of  ihe  accretion  of  sweat,  in  addition  to  paralysis  of  the  voluntary  muscles  of  the  tnink.  Tbi 
penpiraiion  is  increate<I  in  paralyzed  as  well  as  in  oedamaLous  limbs.  In  nephritU,  there  are  giui 
variations  in  the  amount  of  water  given  olT  hy  the  skin. 

Head. — The  secretory  fibres  for  this  part  (horse,  man,  snout  of  yt'xg)  lie  in  the 
thoracic  sympathetic,  pass  into  the  ganglion  stellatum,  and  ascend  in  the  cervial 
sympathetic.  Percutaneous  electrical  stimulation  of  the  cervical  sympathetic  in 
man,  causes  sweating  of  that  side  of  the  face  and  of  the  arm  (M.  Meyers.  In  the 
cephalic  portion  of  the  sympathetic,  some  of  the  fibres  pass  into,  or  become 
applied  to,  the  branches  of  the  trigeminus,  which  explains  why  stimuUtionof 
the  infraorbital  nerve  causes  secretion  of  sweat.  Some  fibres,  however,  *fiie 
directly  from  the  roots  of  the  trigeminus  {LucHsinj^rr),  and  the  facial  (  /^^iw, 
Adamkieiukz).  Undoubtedly  the  cerebrum  has  a  direct  effect  either  upon  ifac 
vasomotor  nerves  (p.  487,  I)  or  upon  the  sweat-secretory  fibres  (II),  as  in  the 
sweating  produced  by  psychical  excitement  (pain,  fear,  etc.). 

Adanikiewicz  and  Senator  found  that,  in  a  roan  suffering  from  abscen  of  the  motor  region  of  <k 
cortex  cerebri  for  the  arm,  there  were  spasms  and  perspiration  in  the  ami. 

S^veat  Centre. — Arcording  to  Adamkiewicz,  the  medulla  oblongata  contiiot 
the  dominating  sweat  centre  (§  373 — Afarm^,  A'awrocih').  When  thiscenae 
is  stimulated  in  a  cat,  all  the  four  feet  sweat,  even  three-quarters  of  an  hour  alter 
death  {AJamki^vui). 

III.  The  nerve  fibres  which  terminate  in  the  smooth  muscular  fibres  of  tht  swtot 
ghmfs^ct  upon  the  excretion  of  the  secretion. 

[Changes  in  the  Cells  during  Secretion. — In  the  resting  glands  of  tV^c 
horse,  the  cylindrical  cells  are  clear  with  the  nucleus  near  their  attached  ends,  t>**^ 
after  free  perspiration  they  become  granular,  and  their  nucleus  is  more  cent.**' 
(^cmi///).] 

If  the  xweat  nervei  be  divided  (cat),  injection  of  pilocarpin  causei  a  secretion  of  sweat,  evr0 
the  end  uf  three  days.  After  a  longer  period  tlian  six  days  there  nay  be  no  secretion  at  all.  V 
observation  coincides  with  ihe  phenomenon  of  dryness  of  the  ftkin  in  paralyted  limha.  I>tefienb^ 
found  that  transplanted  portions  of  skin  lir»t  began  to  sweat  when  their  icnxiliihty  wa-o  restored, 
a  motor  nerve  (tibial,  median,  &icial)  of  a  man  be  stimulaicil.  »weat  appears  on  the  skin  over 
mnscular  area  su{>plied  by  the  nenre,  and  also  u|K]n  the  corresponding  area  of  Ihe  opposite  xm 
stimulated  side  of  the  body.  This  resuh  occurs  when  the  circulation  is  arretted  as  well  as  whe- 
is  active.    Sensory  and  thermal  stimulation  of  the  skin  always  cause  a  bilateral  reflex  secretion  tiM 

Cmdently  of  the  circulation.    The  area  of  sweating  is  independent  of  the  part  of  the  skin  rfitf 
ted  [Attamkieivict]. 

3S9    PATHOLOGICAL  VARIATIONS.—!.  Anidrotis  or  diminution  ofthe 

sweat  occur*  in  diabetes  and  the  cancerous  cachexia,  and  along  with  other  diMarlmnces  of  nutrit 
of  the  Kkin  in  some  nervout  diseases,  e-g-t  in  dementia  |>anilytica ;  in  some  limited  regions  of  the  1 
it  has  occurred  in  certain  I ropho -neuroses  ,  ^,g.,  in  unilateral  atrophy  of  the  bee  aod  in  puaLj 
parts.   In  many  of  these  cases  it  de)>endB  u[x}n  paralys.s  of  the  corresponding  nerves  (£«// 
ihcir  ipiH4il  \wttit  itntrts. 

2.  Hyperidrosis,  or  increase  of  the  secretion  of  swett,  occurs  in  easily  eiciiable 
consequence  of  the  irritation  of  the  nerves  concerned  ({  288),  r^.,  the  sweating  which 
debilitated  conditions  and  in  the  hysterical  (sometimes  on  the  head  and  bands),  and  the  so  1 
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C|»lcptoid  sweats  I  Eulmhurf^).  Sometimes  (he  increase  is  confined  to  omc  side  oftMf  Aetitf  |  H.  uql- 
■Imlis).  This  condition  is  often  accnmpanied  with  other  nervous  phenamenn,  partly  with  the 
^■pcoms  of  paralysis  of  the  cervical  sympathetic  (redness  of  the  face,  narrow  pupil),  partly  with 
sympcoms  of  stimulation  uf  the  sympathetic  (dilated  pupil,  exophthalmos).  It  may  nccur  without 
these  phenomena,  and  is  due,  pcrhaiw,  to  stimulation  of  the  proper  secretory  tibrcs  alone.  [Increased 
twemtmg  is  very  marked  in  cenain  fevers,  both  during  their  course  anJ  at  the  crisis  in  some  ;  while 
the  sweat  is  not  only  copious,  but  acid  in  acute  thcumotism.  The  "  night  sweats"  of  phthisis  are 
very  marked  ami  disagreeable.] 

3.  Paridrosis  or  qualitative  changes  in  the  secretion  of  sweat,  /.  ^.,  the  rare  case  of  "luvtr/- 
iug  of  dtiHK/''^  (Haematohidrosis),  is  sometimes  iinilateml.  According  to  Hchra,  in  some  cases 
ibis  condili-iD  rqireients  a  vicarious  form  of  nienstruBtinn.  It  is,  however,  usually  one  of  many  phe- 
nomena of  nervous  affections,  blootiy  sweat  sometimes  occurs  in  yellow  fever.  Bile  pigments 
have  been  found  in  ihe  sweat  in  jaundice;  blue  sweat  from  indigo  (Bnitf),  from  pyocyanin  (the 
rare  blue  coloring  mailer  of  pus),  or  from  phosphate  of  the  oxide  of  iron  [Osc.  /Coi/mann)  is  ex- 
tremely rare.  Such  colored  sweatii  arc  called  chromidrosis.  Baderia  arc  frequently  found,  both 
in  normal  and  in  abnormal  sweat,  in  yellow,  blue,  and  red  swra).  Crnpe  jH_j,'(7r  occurs  in  the  sweat 
in  diabetes  meltitus;  uric  acid  and  cystin  very  rarely;  and  in  the  sweat  of  stinking  feel,  leucin, 
tyrosin,  valerianic  acid  and  ammonia.  Stinking  sweat  (Bromidrosis)  \%  due  to  the  decomposition 
of  the  sweat,  from  the  presence  of  a  special  micro-organism  (Hacierjum  fix'lidum —  Thin).  In  the 
sweating  stage  of  ague  butyrae  of  lime  has  been  found,  while  in  the  sticky  sweat  of  acute  articular 
rheumatism  there  is  more  albumin  {^nseimino),  and  the  same  is  the  case  in  artificial  sweating 
{^Leuhf)\  lactic  acid  is  present  in  the  sweat  in  puerperal  fever. 

The  sebaceous  secretion  is  sometimes  increased,  constituting  Seborrhcsa,  which  may  be  local  or 
general.  It  may  be  diminished  (Asteatosis  cutis).  The  sebaceous  glands  degenerate  in  old 
peoftle,  and  hence  the  glancing  of  the  skin  [A'tmy].  If  the  duels  of  the  glands  are  occluded  the 
set>um  accumulates.  Sometimes  the  duct  is  occluded  by  black  particles  or  ultramarine  (Unna)  from 
the  blue  used  in  coloring  Ihe  hncn.  \Vhen  pressed  out,  the  fatty,  worm-shaped  secretion  is  called 
"  comedo." 

ago.  CUTANEOUS  ABSORPTION-GALVANIC  CONDUCTION.— After  long  im- 
mersion in  water  the  superticial  layers  of  the  epidermis  become  muisi  and  swell  up.  The  skin  is 
unable  to  absorb  any  substances,  either  salts  or  vegetable  poisons,  from  watery  solutions  of  these. 
This  is  due  to  the  fat  normally  present  on  the  cpidetmis  and  in  the  pores  of  ibe  skin.  If  the  fat  be 
removed  from  the  skin  by  alcohol,  ether,  or  chlorofurm,  absorption  may  occur  in  a  few  minutes 
[Parisot).  According  lo  Kc^hrig,  all  volatile  substances,  e.g..  carbolic  acid  and  othcnt,  which  act 
upon  and  corrode  the  epi^lennis,  arc  capable  uf  absorption.  While  according  lo  Juhl,  such  watery 
solulioiu  as  impinge  on  the  skin,  in  a  finely  divided  spray,  are  also  capable  of  absorption,  which  vtjy 
probably  takes  place  through  the  interstices  of  the  epidermis. 

[Inunction. — When  ointments  are  nibbed  into  the  skin  so  ax  (o  press  the  substance  into  tlie 
pores,  absorption  occurs,  e.g.,  jxitasMum  iodide  in  an  ointment  so  rubbed  in  is  absorbed,  so  is  mer- 
cnriol  oinlmcnt.  v.  Voit  found  globules  of  mercury  between  the  layers  of  the  epidermis,  and  even 
ta  the  clionum  of  a  [lerson  who  was  executed,  into  who^e  skin  mercurial  ointment  had  been  previ- 
DQsly  rubbed.  The  mercury  globules,  in  cases  ul  mercurial  inunction,  pass  into  the  hair  follicles 
lad  ducts  of  the  glands,  wheri;  they  are  affected  by  the  secretion  of  the  glands  and  IranNformed  into 
a  compound  ca|>able  of  absorption.  An  abraded  or  intlanicd  surface  (•^-.^'•>  after  a  blister),  where 
the  epidermis  is  removed,  absorlis  very  rapidly,  just  like  the  surface  of  a  wound  (Endermic 
method  |.] 

[Drugs  maybe  applied  locally  where  the  epidermis  is  intact — Epidermic  method — as  when 
Irogs  which  aflfect  the  sensory  nerves  of  a  part  are  painted  over  a  painful  area  lo  diminish  the  pain. 
Vnochcr  roeth{>d,  the  hypodermic,  now  largely  u«ed,  is  that  of  injecting,  by  means  of  a  hypodermic 
jrringe,  a  non  corrosive,  non-irritant  drug,  in  solution,  into  the  subcutaneous  tissue,  where  it  prac- 
tcally  paisc^  into  the  lymph  spaces  and  comes  into  direct  relation  with  the  lymph  and  blood  stream, 
bsorpCkm  takes  place  with  great  rapidity,  even  more  *o  than  from  the  stomach.] 

Omtes. — Under  normal  conditions,  minute  traces  of  O  are  absorbed  fri.m  the  air;  hydrocyanic 
cid,  sulphureiied  hy<irogen— CC),C<.»j,  the  vapor  of  chloroform  and  ether  may  be  alworbed  [Chuus- 
i€r^  Gtrhek,  Rohrig).  In  a  bath  containing  sulphuretted  hydmgen,  this  gas  ii  absorbed,  while  CO^ 
i  given  off  into  the  water  {R&krig). 

Absorption  of  watery  solutions  takes  place  rapidly  through  the  skin  nf  the  (rog  (Ctt/fmaHH, 
^.  StirJing.  V.  tVittieM),  Even  after  the  circulation  is  excluded  and  the  central  nervous  system 
lestroyed.  much  water  is  absorbed  through  the  skin  of  the  frog,  but  not  to  such  an  extent  as  when 
he  circulation  is  intact  (Spitta). 

Galvanic  Conduction  through  tfae  Skin. — If  the  two  electrodes  of  a  (onstant  current  be 
roprcgnated  with  3  watery  solution  of  certain  sul>stances  and  applied  lo  the  skin,  arid  if  the  direc- 
ion  of  the  current  l»e  changed  from  time  to  time,  stiycbnin  may  lie  caused  to  pass  through  the  skin 
tf  a  rabbti  in  a  few  minutes,  and  thai  in  suRicicnt  amount  to  kill  the  animal  (//'.  Munk).  In  man, 
loiniiM  and  potassium  iodide  have  been  introduced  into  the  body  in  this  way,  and  their  presence 
Utccted  in  Ihe  urine.  This  process  is  called  the  cataphoric  action  of  the  consum  current  ({  32S). 
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COMPARATIVE — HISTORICAL. 


3^1.  COMPARATIVS— HISTORICAL— In  all  vertebrates, theskia  coniiitiiifckriH 
and  epidermic.  In  some  reptiles,  the  epiderniis  becomes  horay,  and  fonns  l&rge  fiUiet  of  Kilo. 
SimiUr  structures  occur  in  the  edcutaU  fimong  mammals.  The  epidermal  appeniU^  uhh 
various  forms -xuch  as  hair,  nail,  spines,  hriMlrs,  fifathert,  claws,  hoof,  horns,  spurv.  ac  TW 
scales  of  some  Bshes  arc  partly  osseous  structures.  Many  glands  occur  in  the  skin ;  in  tomcaD- 
phibia  they  secrete  nuictis.  in  others  the  ftecreticm  is  poiMnous.  Snakes  and  tortoises  are  deroidof 
cutancouK  glands;  in  li^arrls  the  "  \cg  glands"  extend  from  the  anus  to  the  bend  of  the  kncf.  U 
the  croco<lile,  the  glands  open  under  the  margins  of  the  cutaoeo- osseous  M:ales.  In  bfrdi,lbe 
cutaneous  glands  are  absent ;  the  "  coccygeal  glands"  form  an  oily  secretion  for  luliricsriffibt 
feathcn.  [This  is  denied  by  O-  l.iebrt:ich,  &_%  he  hnds  no  chnlcsterin  fats  in  their  secrettoo.]  TU 
(iv<t gtamist  at  the  anus  of  the  civet  cat,  the  preputial  glands  of  the  musk  deer,  ihe  glands  of  the 
hare,  and  the  f^olal  ginnds  of  ruminants,  are  really  greatly  develo{>ed  scliaceoui  glands.  In  oat 
invcrtebrata,  the  iikjn,  consisting  of  epidermis  and  chorium.  is  intimately  nnited  with  the  ■slyccDt 
muKlei,  forming  a  musculo-cutaneous  tube  for  the  body  of  the  animal.  The  cephalopoda  Wit 
chromatophores  in  their  skin.  i.  /.,  round  or  irregular  spaces  filled  with  colored  graneles.  Ma- 
cular tibrcs  ATc  arranged  radially  around  these  spaces,  so  that  when  thcne  muscles  contrsa  M 
colored  surface  is  increased.  The  change  of  color  in  these  animals  is  due  to  the  play  or  cootnokis 
of  these  muMrles.  ^Hruike.)  Special  glands  arc  concerned  in  the  production  of  ihetheUsofAe 
snail.  The  annulosa  are  covered  with  a  chtlioous  investment,  which  is  continued  for  a  oeitMi 
distance  along  the  digestive  tract  and  the  trachea.  It  is  thrown  off  when  the  animal  sheds  its  cum' 
inc.  It  not  only  {trotects  the  animal,  but  it  forms  a  structure  for  the  attachment  of  niuidcL  la 
echinodcrmata,  the  cutaneous  covering  contains  calcareous  masses;  in  the  bololhimaas,  the  dto- 
reous  structures  assume  the  form  of  calcareous  spicules. 

Historical. — Hippocrates  (boni46o  (i.e.)  and  Theophrastus  (Imm  371  n.  c.)  distiDguisfaot  lb 
perspiration  from  the  sweat;  and,  according  to  the  latter,  the  secretion  of  sweat  stands  io  a  OffiM 
antagonistic  relation  to  the  urinary  sccietion  and  to  the  water  in  the  fiscccs.  According  to  Otmm 
Felix  (97  A.  D.),  a  perv>n  placed  in  a  bath  alisorbs  water  through  the  skin;  Sanaorias  {l6l«) 
measured  the  amount  of  sweat  given  olT;  jVlbcrti  (1581)  was  acquainted  with  the  hair  bolh;  Domm 
(1588}  dcscrihcd  hair  becoming  gray  suddenly;  RioUn  (1626)  showed  thai  the  color  of  ihe  iUb 
of  the  negro  was  due  to  the  epidermis. 


'HYSIOLOGY  T^r^  MOTOR  APPARATUS. 


tt.  CILIARY  MOTION  — PIGMENT  CELLS.— (tf)  Muscular 
Kment. — By  Tar  the  greatest  number  of  the  movements  occuring  in  our 
Its  is  accomplished  through  the  agency  of  muscular  fibre,  which,  when  it 
cited  by  a  stimuhis,  contrat  ts — /.  ^.,  it  forcibly  shortens — ami  thus  brings  its 
inds  nearer  together,  while  it  bulges  to  a  corresponding  extent  laterally.  In 
Sle,  the  contraction  takes  place  in  a  definite  direction. 
)  Amceboid  Movement. — Motion  is  also  exhibited  by  colorless  blood 
pscles,  lymph  ror|tus(  les,  leucocytes,  and  some  other  cor]>uscIes.  In  these 
Itures  we  have  examples  of  amceboid  movement  (§  9),  which  is  movement  in 
^definite  direction. 

f)  Ciliary  Movement. — There  is  also  a  j»eruliar  form  of  movement,  known 
ftary  movtmgni.  There  is  a  gradual  transition  between  these  different  forms  of 
nnent.  The  cilia,  which  are  attached  to  the  ciliated  epithelium,  are  the 
ir  agents  (Fig.  2801.] 

ttiated  epttheltum,  an<l  where  found. — In  the  na&al  mucoux  membrane, except  the  olfactor)* 
I;  ibe  cavtiies  acces^ry  tu  itte  nose;  the  upper  half  of  the  pharynx,  liusiachian  tube,  larynx, 
In  atid  bronchi;  in  the  ulerui,  except  the  lower   half  of  the  cervix;    Fallopian  tubes;  vasa 


Fic.  2S0. 


Ctltsted  epilheliutn 


DAmve's  ncmbranc. 


.CleM  dUlc. 


li)term«diAt«  foms. 


Inner  layer. 


Ciliated  epithelium. 


1^0  the  lower  end  of  e))idid>inis ;  ventricles  of  briun  (child) ;  and  the  cenlial  canal  of  the 

|k  cilia  are  flaltened,  blade-Uke  or  batr  like  appendages  auached  to  the  free  end  of  the  cclU. 
tec  aboat  jg'^jj  inch  in  leni^h,  and  are.  apparently,  homogeneous  an«l  siructureless.  They 
pnted  upon  a  clear,  aoo-contraclilc  disk  on  ihc  free  ciiJ  of  :hc  cell,  and  some  observers  state 
bey  fia&s  throuj^h  this  disk  to  become  continuous  with  the  protoplasm  of  the  cell,  or  with  the 
iofnbriU  which  jiervades  the  protoplasm;  w  ttiat  by  some  observers  (/7Wh  I  they  arc  regarded 
blongaiiuns  of  the  intraepBthelint  plexus  of  filirils.  They  are  specially  tnodilied  parts  of  an 
ibal  cell,  and  are  contractile  and  elastic.  They  are  colorless,  tolerably  strong,  not  coloretl  by 
Ig  reagents,  and  arc  pouessed  of  conMdcrabJc  rigidity  and  llcxibiHty.  They  are  always  con- 
I  with  the  pro'oplasm  of  ceUs,  and  are  never  outtfrowths  of  the  solid  cell  membranes.  There 
te  10  to  20  cilia  disiribmed  unifonnly  on  the  free  surface  of  a  cell  (Fig.  280).] 
1  the  lar^e  citialcd  ccllii  in  tht  intestine  of  some  molluscs  (mussel)  the  cilia  perforate  the  clear 
lUe  disk,  which  ap|>ears  lo  consist  of  small  glohiUcs — basal  pieces — united  by  their  edge,  sn 
I'ciUutn  seems  to  spring  from  each  of  these,  while  continued  downward  into  the  protoplasm 
^  cell,  but  not  attached  to  the  nucleus,  there  is  a  single  varicose  tihril — rootlet,  and  the  leash 
^  (ihrils  passes  through  the  sulKtance  of  lh«  cell,  and  noay  unite  toward  its  lower-tailed 
bity  [Engeimann].^ 

Biary  motion  may  be  studied  in  the  gtll  of  a  mussel,  0  small  part  of  the  gill  being  teased  in 

491 


492 


FUNCTIONS  OF  CILIA. 


^(1  nsUfr:  or  the  hard  palate  of  a  ho^,  newly  killed,  oiay  be  scraped,  and  the  ficmpinc  eustned 
in  4^  p.  c.  salt  sr>lulion.  On  analyzing  ihe  movement,  all  ihe  ciliA  will  be  observed  to  ancMc  i 
regtiUr.  pchudic,  to-and-fru  rhyiluiiical  movement  in  a  plane  u&ually  vertical  lo  the  suHictdf  IW 
cells,  the  direction  of  the  movement  beiii^  parallel  to  the  Ion;;  axis  of  the  or^an.  The  sfptMUM 
presented  by  the  movements  of  the  cilia  m,  ■lomelimes  dcscrilxid  as  a  tosbing  movement,  a  like  i 
ticid  uf  Corn  moved  by  the  wind.  Each  vibration  of  a  cihum  constxis  of  a  rapid  furwu<l  move- 
ment or  Sexioti,  the  tip  moving  mure  than  the  base,  aiid  a  slower  backward  moverocni,  the  dliSB 
again  striightcninf*  its«lf.  The  forward  movement  in  sltout  twice  as  rapid  as  the  backvatd  lant- 
ment.  The  amplitude  of  the  movement  varies  accordinf;  to  the  kint]  of  cell  and  other  rymMrtnni, 
licing  less  when  the  cellii  are  about  to  die;  but  it  is  the  same  for  nil  the  cilia  .-utached  to  oh  ttO, 
and  is  seldom  more  than  20°  to  50°.  There  is  a  cenain  periodicity  in  their  moveaient;  iithi 
frr>g  tticy  contract  aljout  12  times  per  second  {Enf^elmann).  Ttie  result  of  the  rapid  femri 
movement  is  that  the  surrounding  fluid,  and  any  panicles  it  may  comain,  are  moved  in  the  iltfeOioa 
in  which  the  cilia  bend.  All  the  cilia  uf  adjoining  cells  do  not  move  nx  once,  but  in  rrgnUr  mt- 
cession,  the  movement  traveling  from  one  cell  to  the  other ;  but  how  this  codrdination  is  fam^ 
about  we  do  not  know,  At  least,  it  is  quite  independent  of  the  uervoui  system,  as  cUiar^  tti*^ 
mcnt  KL-es  on  in  isolated  cells,  and  in  roan  it  has  been  observed  in  the  tradiea  two  day*  after  dertL 
Conditions  for  Movemeni.^In  order  that  the  ciliary  movement  may  go  on,  it  is  eucttiialtbi 
— (1)  the  cilia  be  connected  with  part  of  a  cell ;  (2)  moisture;  (3)  oxygen  be  present;  and  (4]  ibl 
temperature  is  within  certain  limits.] 

[A  ciliated  epithelial  cell  is  a  good  example  of  the  physiological  division  of  labor.  It  il 
derived  from  a  cell  which  originally  helrl  motor,  automatic  and  nutntivr  funcliont  all  corobtncd  il 
one  mass  of  protoplasm;  but  in  the  fuUy-rleveloped  cell  the  nutritive  and  regulative  functiootSK 
confined  to  the  protoplasm,  while  the  cilia  alone  are  contractile.  If  the  cilia  be  separated  frontkc 
cell,  they  no  longer  move.  If,  however,  a  cell  be  divided  so  thai  part  of  it  remains  allached  |o  tbc 
cilia,  tlie  latter  still  move.  The  nucleus  is  not  esMntial  for  this  act.  It  would  seem.  ihcrticM, 
that  though  the  cilia  are  contractile,  the  motor  irnuulse  probably  proceeds  from  the  cell,  Esd 
celt  can  regulate  its  own  nutrition,  for  during  life  they  resist  the  entrance  of  cerlato  colored 
fluids] 

[Effect  of  Reagents. — Gentle  heat  accelerates  the  numlier  and  intensity  of  the  nit 
d  retards  them.  A  tem[>erature  of  45°  C.  causes  coagulaliuo  of  their  protcids.  makt 
permanently  rigid,  and  kills  them,  just  in  Ihe  same  way  as  it  acts  on  muscle,  causing  heat 
(P>  5*^5}-  Weak  alkalies  may  cauM  them  to  contract  after  their  movement  is  arrested  or  oeailf  w 
(  Plrchuv.'),  and  any  current  of  fluid,  in  fact,  may  do  so.  Lister  showed  that  the  vapor  of  ctbff 
and  chloroform  arresti>  the  movements  as  long  as  the  narcosis  lasts,  but  if  the  va{)or  be  not  ippM 
for  too  long  a  time,  the  cilia  may  begin  to  move  again.  The  prolonged  action  of  the  vapor  kfii 
them.  As  yet.  we  do  not  know  any  S[>ecific  poison  for  cilia,  atropin,  veralrin  and  ctirmra  KliQf 
like  other  substances  with  the  same  endosraotic  equivalent  {En^fImanH).'\ 

[Functions  of  Cilia, — The  moving  cilia  propel  fluids  or  particles  along  the 
passages  which  they  line.  By  carrying  secretions  along  the  tube^  which  they  l>M 
toward  where  these  lubes  open  on  the  surface,  they  aid  in  excretion.  In  the 
respiratory  [massages,  they  carry  outward  along  the  bronchi  and  trachea  the  imtcus 
formed  by  the  mucous  glands  in  these  regions.  When  (he  mucus  reaches  the 
larynx  it  is  either  swallowed  or  coughed  up.  That  the  cilia  carry  particles  upwrtl 
in  a  spiral  direction  in  the  trachea  has  been  proved  by  actual  laryngoscopic  inv^ 
tigation,  and  also  by  excising  a  trachea  and  sprinkling  a  colored  powder  on  il» 
mucous  membrane,  when  the  colored  particles  (Berlin  blue  or  charcoal)  arc^lo*!/ 
carried  toward  the  upper  end  of  the  trachea.  In  bronchitis,  the  ciliated  epi- 
thelium is  shed,  and  hence  the  mucus  tends  to  accumulate  in  the  bronchi.  IV? 
remove  mucus  from  cavities  accessory  to  the  nose,  and  from  the  tympanum,  'hile 
the  ova  are  carried,  partly  by  their  agency,  from  the  ovary  along  the  FallopiAO 
tube  to  the  uterus.  In  some  of  the  lower  animals  they  act  as  organs  of  locoaW" 
tion,  and  in  others  as  adjuvants  to  respiration,  by  creating  currents  of  watcf  i> 
the  region  of  the  organs  of  respiration.] 

[The  Force  of  Ciliary  Movement. — Wyman  and  Rowditch  found  that  the  amoBoK/ *^ 
that  can  Ije  done  by  cilia  is  very  considerable.  The  work  was  estimated  by  the  weight  9^^  * 
measured  surface  of  the  mucous  membrane  of  the  frog's  hard  palate  was  able  10  carry  q>* 
inclinett  plane  of  a  dehnite  slope  in  a  given  time.] 

i Pigment  cells  Wlong  to  the  group  of  contractile  tissues,  and  arc  well  developed  in  'ht'wP 
many  other  aninials  where  their  charaacrs  have  been  carefully  studied.  Ther  are  gctnw^ 
regarded  as  comparable  to  branched  connective-tissue  corpuKles.  loaded  with  pi|;»t^| 
graooles  of  melanin.     1lie   pigment  granules  may  be  thtfused  in  the  cell,  or  aggregated  srMV 
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cleus;  in  the  former  case,  the  skin  of  the  frog  appears  dark   in  color,  in  the   latter,   it 

slightly  pigmented.     The  questiun   has  been  raised  whether  they  are  actual  cells  or  irerely 

branched,  and  containing  a  tluid  with  granules  in  suspension.      In  any  cnse.  they  undergo 

ted  changes  of  shape  under  various  inBucnces.     If  the  motor  nerve  to  one  leg  of  a  frog  be 

led,  the  skin  of  the  leg  on  that  aide  becomes  gradually  darker  in  color  than  the  intact  leg.     A 

ar   result   is  seen   in  the  curara  cxperimenl,  when   all   parts  arc  ligatured  except  the  nerve. 

l1  applications  affect  the  state  of  ditfusion  of  the  pij;nicnt,  as  v.  Wittich  found  that  turpentine 

eciriciiy  caused  the  cells  of  the  tree-frog  to  contract,  and  the  same  efiect  is  produced  by  light. 

lana  temfxirnria  local  irritation   has   little  etfect,  hut  light,  on  the  contrary,  has,  although  the 

lof  light  seems  to  l>e  brought  ahout  through  the  eye  I^Lis(»rr\,  probably  by  a  rctlex  mechanism. 

Ac  colored  ^og,  put  in  a  dark  place,  assumes,  after  a  lime,  a  different  color,  as  the  pigment  is 

led  in  the  dark :  but  if  it  he  exposed  to  a  bright  light  it  soon  becomes  pale  again.     1'hc  same 

lomcnon  may  lie  seen  on  studying  the  web  of  a  frog's  leg  untler  the  microscope.     The  marked 

itions  of  color— within  a  certain  range— in  the  chameleon  is  due  to  the  condition  of  the  pig. 

cells  in  us  skin,  covered  as  they  are  by  epidermis,  containing  a  thin  stratum  of  air  ilirii<Jlte\. 

itU  poisoned  with  strychnin,  its  whole  l»ody  turns  pale;  if  it  be  ill,  its  iKxly  becomes  spotted 

ndritic  fashion,  and  if  its  cutaucous  nen-cs  be  divided,  the  area  supplied  by  the  nerve  changes 

k.     The  condition  of  its  skin,  therefore,  is  readily  affected  by  the   condition  of  its  nervous 

for  psychical  excitement  also  alters  its  color.     If  the  sympathetic  nerve  in  the  neck  of  a 

be  divided,  the  skin  on  the  dorsal  pari  of  the  head  becomes  black.     It  is  notorious  that  the 

of  tishes  is  adapted  to  the  color  of  their  environment.     If  the  nerve  proceeding  from  the  stellate 

;lion  in  the  mantle  of  a  cuttle  fish  be  divided,  the  skin  on  one-half  of  the  body  becomes  pale.] 

a  a.  STRUCTURE  AND  ARRANGEMENT  OF  THE  MUS- 

S. — Muscular  Tissue  is  endowed  with  contractility,  so  thai  when  it  is 
upon   by  certain  forms  of  energy  or  stimuli,  it  contracts.     There   are  two 
lies  of  this  tissue — 

1)  Striped,  striated  or  (voluntary) ; 

2)  Non-striped,  smooth,  orgatiic,  or  (involuntary). 

bnie  nuiscles  are  completely  under  the  control  of  the  will,  and  arc  hence  called 
oluntary,"  and  others  arc  not  directly  subject  to  the  control  of  the  will,  and 
hence  called  "involuntary;'*  the  former  are  for  the  most  part  striped,  and  the 
sr  non-striped  ;  but  the  heart  muscle,  although  striped,  is  an  involuntary  muscle. 

IStriped  Muscles. — The  surface  of  a  muscle  is  covered  with  a  connectivc-tissuc  envelope  or 

Bysium  externum,  from  which  septa,  carrying  blood  vefi<>els  and  nerves,  the  penmystuni 

Biuin,  pa^s  into  the  substance  of  the  mu^cle,  so  as  to  divide  it  into  bundles  of  6l>res  or  fasci- 

I  which  arc  line  in  the  eye  muscles  and  co.irse  in  the  glutei.     In  each  such  conip.trtmciit  or 

1    there  lie  a  number  of   mttsiuinr  fibres  arranged   more   or  le^s  parallel  to  each  other.      [The 

K  are  held  together  by  delicate  connective  tissue  or  endomesiuro,  which  surrounds  groups  of 

bres;  each  lihre  being,  as  it  were,  separated  from  it*  neighbor  by  excessively  delicate  fibrilkr 

Ktive  HssuilI      Kach  muscular  fibre  is  surrounded  with  a  rich  plexus  of  capUhiriti  [which 

in  elongated  mcshwork,  lying  between  adjacent  fibres,  but  never  penetrating  the  fibres,  which. 

rer,  they  crosi  (Mg.  3^4).     In  a  contracted  muscle  the  capillaries  may  he  sli)^htly  sinuous  in 

eourse,  but  when  a  muscle  is  on  the  stretch  the-c  curves  disappear.     The  capillaries  He  in  the 

Iqrsium,  and  near  them  arc  iympkattcs.']     Each  muscular  fibre  receives  a  nerve  fibre.     [Where 

I. —  Stnped  muscular  fibres  occur  in  the  skeletal  muscles,  heart,  diaphragm,  pharynx,  upper 

if  <nuphagus,  muscles  of  the  middle  ear  and  pinna,  the  true  sphincter  of  the  urethra,  and 

IbI  anal  sphincter.] 

muscular  fibre  (Fig.  281,  i)  is  a  more  or  less  cylindrical  or  polygonal 
to  ^\t^  in.]  in  diameter,  and  never  longer  than  3  to  4  centi- 
within  short  muscles,  r.g.,  stapedius,  tensor  tympani, 
he  snort  muscles  of  a  frog,  the  fibres  are  as  long  as  the  muscle  itself ;  within 
jer  muscles,  however,  the  individual  fibres  are  pointed,  and  are  united  obliquely 
reraent  substance  with  a  similar  beveled  or  pointed  end  of  another  fibre  lying 
he  same  direction.  Muscular  fibres  may  be  isolated  by  maceration  in  nitric 
1  with  excess  of  potassic  chlorate  {Butigi^^  or  by  a  35  per  cent,  solution  of 
itic  potash  {^MoUichoft). 

ilach  muscular  fibre  consists  of  the  following  parts  : — 
1.   Sarcolemma,  an  elastic  sheath,  with  transverse  partitions,  stretching 

across  the  fibre  at  regular  interval^^: — -the  membranes  of  Krause ; 
a.  The  included  sarcous  substance; 
3.  The  nuclei  or  muscle  corpuscles.] 


;  XI  to  67  ;/  lyU 
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Sarcolemnia.  —  Each  tnuscalar  fibre  is  completely  enclosed  liy  a  colorless,  stmctuRteHk  tu^ 
parent  elauic  sheath  (Fig.  sSl,  I,  -S),  which,  cbcmiceJIv.  i^  midway  between  connectivr  s«d  iliac 
tissue,  and  within  it  is  the  contractile  substance  or  the  muscle.  [It  has  much  more  cobctkBlhss 
the  sarcoua  substance  which  it  encloses,  su  that  sometimes,  when  teasing  fresh  muscular  tiaiiKiafa 
the  micToscape,  one  may  observe  the  sarcous  sulislance  lorn  acruss,  with  the  unniptored  fsicokan 
stretching  between  the  ends  of  the  ruptured  sarcous  substance.  If  muscular  Hbres  be  icmd  n 
dtstiUe<l  water,  sometimes  Hnc,  drar  btcbs  are  seen  along  the  course  of  the  tibre,  due  tottKim>> 
lemma  being  raised  by  the  fluid  ditTuslng  under  it.  The  sorcous  subuance,  but  not  the  siroobuia, 
may  be  torn  across  by  plunging  a  muscle  in  water  at  55**  C,  and  kee|:Mng  it  lliere  Tot  Msetiw 
(/f/i«M>r).] 

FtG.  281. 


8         N 


■Si.    ' 


'  c 


UbloIogT  of  muscular  tii»ue.  1.  Dlipim  of  pin  of  a  iinpcd  mi»cular  fibre  '^  ..'^..1-0.. 
F.nbrllla;:  K.,  the  mt»cl«  nuclei;  N,  a  ncrv«  fibre  cnicHng  it  wirh  n,  li*  ' 
plate,  f,  lecn  in  pri.ifile;  a,  n%Dsvenc  ftcction  of  pan  of  a  mutcubr  fibre.  •' 
muKuUr  fibrlltje  ;  4,  part  <A  nn  in>ect't  cnutcic  KrcJtily  magnified  :  <i,  Ki  ' 
cose*  :  h,  the  dotiUy'rcfnicI ive  lubsiiince  :  t,  Henicn  i  diiC  :  <i,  (Ke  tin^'- 
trvisverftcly  into  dUkt :  6.  muscular  fibre  frum  the  heart  of  a  frog ;  7,  ' 

humaci  fcctua  at  the  thira   moTith :  S,9,niuacuIaT  fibre*  of  the  heart:  i.  >■■»' 

puscles :  to,  Btnooth  maiciiUr  fibres  ;  1 1,  inuitvcrse  sccbon  of  smooth  muacuUr  lit>rc« 


Stripes. — The  sarcous  substance  is  marked  transversely  by  alternate  Hgb» 
and  dim.  layers,  bands,  stripes  or  disks  (Fig.  281,  i,  Q),  so  that  each  fibf* 
is  said  to  bo  "transversely  striped."  [The  stripes  do  not  occur  10  the 
sarcolemma,  but  are  confined  to  the  sarcous  substance^  and  they  LdvoIvc  its 
whole  thickness.] 

[The  animals  most  suited  for  studying  the  structure  of  the  sarcous  substance  are  hoko'I^ 

insects.     The  muscles  of  the  water  beetle,  DytJscus  iiiari^inalis.  and  the  Hydr-;  '  ■' r*as«t»w 

suited  for  this  purjiose.     So  is  the  crab's  muscle.     In  examining  a  living  ti  ^^^^o^O^* 

no  fluid  except  the  muscle  juice  should  be  added  to  the  preparation,  and  vci        „     .    ^«<naf  th> 
microscope  are  required  to  make  out  the  finer  details.] 


STRUCTURE   OF   A    MUSCULAR   FIBRILLA. 
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Fig.  2S2. 


Portion  of  a  human  mu»cuUr  fibra, 


man's  Disks. — If  a  muscular  fibre  be  subjected  to  the  action  of  hydro- 
acid  (i  per  1000),  or  if  it  be  digested  by 
uice,  or  if  it  be  frozen,  it  tends  to  cleave 
scly  into  disks  i^B&wman)^  which  are  arti- 
oducts,  and  resemble  a  pile  of  coins  which 
\  knocked  over  (Fig.  2S1.  5). 
Uffi. — Under  certain  circumstances,  a  fibre 
libit  longitudinal  striation.     This  is  due  to 

that  it  may  be  split  up  longitudinally  into 
ense  number  of  (i  to  1.7  /i  in  diameter) 
itractile  threads,  the  primitive  fibriUie 
1,1,  F),  placed  side  by  side,  each  of  which 
ransverscly  striped,  and  they  are  so  united 
other  by  semi-Huid  cement  substance,  that 
sverse  markings  of  all  the  fibrills  lie  at  the 
^el.  These  fibrillx,  owing  to  mutual  pres- 
:  prismatic  in  form,  so  that  when  a  trans- 
ciion  of  a  perfectly  fresh  muscular  fibre  is 
i  after  it  is  frozen,  the  end  of  each  fibre  is 
out  into  a  number  of  small  polygonal  areas 
^ohnheim's  areas  (Fig.  381,  2}. 
lae  are  easily  obtained  from  insects'  mus- 
ile  those  from  a  mammal's  muscle  are  readily 

by  the  action  of  dilute  alcohol,  MUller's 
',  best  of  all,  \  per  cent,  solution  of  chro- 
l](Fi^.  281,3). 

n  a  living,  unaltered  muscular  fibre  is  examined  microscopically,  in  its 
;e,  we  observe  the  alternate  dim  and  light  transverse  disks.  A  high  power 
the  presence  of  a  line  running  across  the  light  disk,  and  dividing  it  into 
g.  282).  It  has  been  called  Dobie's  line  (^Rutherford )^  and  by  others  it  is 
d  as  due  to  the  existence  of  a  membrane,  called  Krause's  membrane, 
uns  transversely  across  the  fibre,  being  attached  all  round  to  the  sarco- 
thus  dividing  each  fibre  into  a  series  oi  compartments  placed  end  to  end. 
^  muscular  compartments  contain  the  sarcous  substance,  and  in  each 
[ment  we  find  (i)  a  broad,  dim  disk,  which  is  the  contractile  part  of  the 
substance.  It  is  doubly  refractive  <anisotrOpou3).  and  is  composed  of 
I's  sarcous  elements.  (2)  On  each  end  of  this  disk,  and  between  it  and 
s  membranes,  is  a  narrower,  clear,  homogeneoas,  and  but  singly  refraclile 
pouB),  soft  or  fluid  substance,  which  forms  the  lateral  disk  of  Engel- 

In  some  insects  it  contains  a  row  of  refractive  granules,  constituting  the 
ar  layer  of  Flogel.  If  a  muscular  fibre  be  stretched  and  stained  with 
J,  the  central  part  of  the  dim  di^k  appears  lighter  in  color  than  the  two 

the  same  disk.  This  has  been  described  as  a  separate  disk,  and  is  called 
dian  disk  of  Hensen  (Fig.  281,  4,  r).] 

n  unaltered  fibre,  the  dim,  broad  stripe  appears  homogeneous,  but  after  a 
cleaves  throughout  its  entire  extent  in  the  long  axis  of  the  fibre  into  a 

of  prismatic  elements  or  fibrils,  the  sarcous  elements  of  Bowman 
5i).     These  at  first  arc  prismatic,  but  as  they  solidify  they  shrink  and 

squeeze  out  of  them  a  fluid,  becoming  at  the  same  time  more  constricted  in 
tre.  This  separation  into  fibrils  with  an  interstitial  matter  gives  rise  to  the 
nee  seen  on  transverse  section  of  a  frozen  muscle,  and  known  as  Cohn- 
areas  (Fig.  281,  2,  c).  In  all  probability  the  cleavage  also  extends  through 
ral  disks,  and  thus  fibrils  are  formed  by  longitudinal  cleavage  of  the  fibre.] 

rding  10  Hftycrufi,  »  niuscalar  fibre  is  aioniliromi,  being  narrowest  at  (lie  (lart  opposite 
memVirane,  and  thicker  in  the  interval,  $0  that  Haycrafl  auributes  the  transverse  uriation 
liflercnces,  the  surface  being  undulating.] 
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[Muscle  Rods. — SchAfcr  rlescribex  the  appearance  di^erently:  *'  I>oatiIe  row*  of  fgmaktm 
seen  lying  in  or  at  ihe  boundaries  of  the  Itgbt  streaks  (disks),  and  very  line,  luti^udinal  lino  mtj 
be  detected  running  thruugh  the  dark  streak  (dim  disk)  and  uniting  the  minute  granules.  T\e« 
fine  line*,  with  their  enlarged  extremities,  are  muscle  rods."  They  arc  mo«t  cotxpicwwi*  m  ro 
sects.  Uuring  the  contracuon  of  s  living  muscular  fibre,  SchEfer  describes  the  "  revenal  of  liw 
ktripes"  (5  *97l  as  follows  :  "  When  the  fibres  contract  the  liuhl  stripes  are  seen,  as  tii«  W« 
bhortens  and  thickens,  to  become  dark,  an  apparent  rcvcrwil  bemg  thereby  produced  m  thi  itng 
This  reversal  is  due  to  the  enlargement  of  the  rows  of  dork  dots  and  the  (urmaiion  bjr  their  jnsik' 
position  and  blending  of  dark  disks,  white  the  muscular  substance  between  these  disks  his  bven- 
trast  a  bright  appearance  "] 

[With  polariced  light  in  a  living  muscular  fibre,  a!)  the  sarcous  substance,  except  tht  nidi 
rod,  is  doubly  refractive  or  anisuiropous.  so  that  it  appears  bright  on  a  dark  field  when  the  Hkdti 
prisms  are  crossed,  while  under  the  same  conditions  contracted  muscle  and  dead  miudt  thorn 
alternate  dark  and  tight  bands  (ScAJ/er].] 

The  nuclei  or  muscle  corpuscles  are  found  immerliately  under  the  sarcolemma  in  all  maswsU, 
and  their  long  axis  lies  in  the  long  axis  of  the  fibre  (S  to  13  /'  long.  3  to  4  /i  broad  |.  [tn  the  ira- 
clei  of  the  fr^g  and  «orae  other  animals,  e.  g.,  the  red  muscles  of  the  rabbit  and  hare,  tniejr  lie  in  1^ 


Fig.  384. 


Itcbdon  tif  «  Irndon,  S.  to  Its 
moKulsr  fibre. 


]iO«eKd  Mood  Tcneb  of  m  huaiui  miude     «,  *,m^  UVKJ :  k» 
vein  :  c,  capiOaric*,     X  >$o  {ii'Milhr}. 

substance  of  the  fibre  surrounded  by  a  small  amount  of  protoplasm.]  When  they  occur  ntaatAbt!^ 
under  the  aarculemma  they  are  more  or  less  flattened,  and  lie  embedded  in  a  smoJl  amount  >if  ytO"^ 
toplasm  I  Fig,  2S1,  1  and  2,  K),  They  contain  one  or  two  nucleoli,  and  it  is  said  that  the 
plasm  sends  out  fine  processes  which  unite  with  similar  processes  from  adjoining  corpuscles,  10  ihir 
according  to  this  view,  a  branched  protoplasmic  network  exists  under  the  sarcolemma.  [F, 
nucleus  has  a  reiiculaled  appearance  due  to  the  presence  of  a  plexus  of  fthnls.  The  nuclei  are 
seen  in  a  iserfectly  fresh  muscle,  because,  until  they  have  undergone  some  change,  their  rtfraciivr* 
index  is  the  same  as  that  of  the  sarcous  substance.]  They  becoine  specially  evident  after  the  addi- 
tion of  acetic  acid.  Histogenetically,  they  are  the  remainder  of  the  cells  from  which  the  mnacaUr 
fibres  were  developed  (Fig.  aSl,  7).  According  to  M.  Schuliie,  the  sarcous  substance  is  an  tom- 
cellular  substance  diflTetentiatcd  and  formed  by  their  activity.  Perhaps  they  are  the  ceotreiof  VBtft- 
Hon  for  the  muscular  fibres.  In  amphibians,  birds,  fishes,  and  reptiles,  they  lie  in  the  aais  at  tKe 
fibres  between  the  fibrils. 

It  is  said  that  the  protoplasm  of  ilie  muscle  corpuscles  forms  a  fine  network  Ihrooghoat  the  whel» 
muscular  fibre,  the  transverse  branches  taking  the  course  of  the  lines  of  Krause  or  DotMc.  and  dM 
longitudinal  branches  running  in  the  inlemices  between  Cohnheim's  areas  {Jietttm,  firrmtr). 


NBRVES  OF  A   MUSCLE. 
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Ion  to  Tendons. — According  to  Toldt.  the  delicate  connective-tissue  elements,  which 
;  Mveral  nmscular  fibres,  pass  fram  the  ends  of  the  latter  directly  into  the  coiineciivc-lissue 
of  the  tendon.  The  end  of  the  muscular  5bre  is  (>erhaps  united  to  the  smooth  surface  ur 
Dd  ot  ihe  tendon  tiy  means  of  a  special  cement  (  /fVu«a««^Kig.  2X3,  S).  In  'anhro(x)dn, 
lemma  passes  directly  into  and  becomes  continuous  with  the  tendon  [LeyMc;,  keicheri). 
loD  itself  consists  of  longitudinally  arranged  bundles  of  white  fibrous  tissue  with  cells — 
•JU — embracing  Ihem.  There  is  a  loose  capsule  or  sheath  of  connective  tissue— the  peri. 
fm  of  Kollman— surrounding  the  whole  and  carrying  the  blood  vessels,  lymphatics,  and 
The  tendons  move  in  the  tendon  sheaths,  which  are  moistened  by  a  mucous  fluid.  In 
Kttnru,  muscular  ^bres  are  attached  by  means  of  tendons  to  some  fixed  point,  but  in  other 
t  (face)  the  ends  terminate  between  the  cunncciivc-lissuc  elements  of  the  skin. 
d  Vessels. — Muscles,  being  very  aciive  organs,  are  richly  supplied  with  blood.  The 
>ply  of  a  muscle  differs  from  some  orf^ans  in  not  constituting  an  actual  vascular  unit,  sup- 
y  by  or>e  artery  and  one  vein,  thus  being  unlike  the  kidney,  spleen,  etc.  Each  muscle 
eceives  tfvtrat  branches  from  ditfcrent  oneries,  and  branches  ehter  it  al  certain  distances 
whole  length.  The  artery  and  vein  usually  lie  together  in  the  connective  tinsue  of  the 
im.  while  the  capillaries  lie  in  the  endon^ysium.  The  capillaries  lie  between  the  muscular 
il  outside  the  ssrcolemma.  where  they  form  an  elonjfated,  rich  plexus  with  numerous 
e  branches  (Fig.  284).  The  lymph  to  nourish  the  sarcous  substance  must  traverse  the 
ma  tu  reach  Ihe  former.  In  ihe  red  muscles  of  the  ral>Uit  (c..t,' •  ^'i^'tendinosus),  the 
s  are  more  wavy,  while  on  the  transverse  branches  of  some  of  the  capillaries,  and  on  the 
anvier),  there  are  small,  oval,  saccular  dilatations,  which  act  as  reservoirs  for  blood.] 
pbsUcs.^We  know  very  linle  of  the  lymphatics  of  muscle,  ahhough  the  lymphatics  of 
I 

Fic.  2S5. 


End  plate. 


Muscle  nuclcui. 


Mu*cul*r  fibm  with  moiorial  tad  phics. 


id  fascia  have  been  carefully  studied  by  Ludwig  and  Schwcigger-.Seidel.  There  are  lym- 
I  the  endumysium  of  the  heart,  which  are  continuous  with  those  under  the  pericardium, 
ect  still  requires  further  investigation.  Compare  the  lymphatics  of  the  fascia  lata  of  the 
,  212,  {  201).] 

oce  of  ihe  Nerve. — The  frunk  of  the  motor  nerve,  as  a  rule,  enters  the  muscle  at  its 
al  centre  (SiAwa/f^e);  hence  the  point  of  entrance  m  muscles  with  long,  parallel,  or  spindle- 
>rcs  lies  near  its  mitldlc.  If  the  mtucle  with  parallel  fibres  is  more  than  3  to  3  centimetres 
in  length,  se^'era]  branches  enter  it^  middle.  In  triangular  muscles,  the  point  of  cnlraitce  of 
a  displaced  more  toward  the  strong  lendinotis  point  of  convergence  of  the  muscular 
i  nerve  fibre  usually  enters  a  muscle  at  the  point  where  there  is  the  leait  displacement  of 
liar  substance  during  contraction. 

>r  Nerve. — Every  mtisrular  fibre  receives  a  motor  nerve  fibre  (Fig.  281, 
Each  nerve  Joes  not  contain  originally  as  many  motor  nerve  fibres  as  there 
ctilar  fibres  in  the  muscle  it  enters;  in  the  human  eye  muscles,  there  are 
icrve  fibres  to  7  muscular  fibres;  in  other  muscles  (dog"),  i  nerve  fibre  to 
)  (  T<rga$t ).  Hence,  when  a  nerve  enters  a  muscle  it  must  divide,  which 
Uchotomously  [at  Ranvier's  nodes],  the  structure  undergoing  no  change 
sre  are  exactly  as  many  nerve  fibres  as  muscular  fibres.  In  warm-blooded 
each  muscular  fibre  has  only  one,  while  cold-blooded  unimals  have  seve- 
Is  of  insertion  of  the  nerve  fibre  {Sandmann).     A  nerve  fibre  enters  each 
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RED    AND    PALE    MUSCLES. 


muscular  fibre,  and  where  it  cnlers  it  forms  an  eminence  (Z'/»ir/y,/^Bi7 
'*  motorial  end  plate  "  (I'ig.  281,  1,^).  The  neurilemma  unites  direcllywitti 
the  sarcolcmma,  the  white  suhstance  of  Schwann  ceases,  while  the  axis  cyliudtr 
passes  in  and  divides  within  the  sarcolemma.  There  is  an  elevation  of  apfotih 
plasmic  nature  containing  nuclei  immediately  under  the  sarcolemma  at  the  cmtancc 
of  the  nerve  (Kuhne's  end  plate,  Fig.  2S5).  The  branches  of  the  ajiis cWindcT 
traverse  this  mass,  where  they  subdivide  into  fine  fibrils  recognizable  only  ifier 
the  action  of  gold  chloride  (Fig.  286J.  These  fibrils  penetrate  between  the  fibril- 
Is  along  the  whole  extent  of  the  fibre,  and,  perhaps,  ihey  terminate  in  ihetBiso- 
tropous  substance  (  Gcriach'). 

Sensory  fibres  also  occur  in  muscles,  and  they  are  the  channels  for  mtmnUr 
sensibility.  They  seem  to  be  distributed  on  the  outer  surface  of  the  sarcoltmmi. 
where  they  form  a  branched  plexus  and  wind  round  the  muscular  fibres  {Jrndl, 
Sa^hs) ;  bul,  according  to  Tschirjew,  the  sensory  nerves  traverse  the  sub^lAnceo^ 
the  muscle,  and  after  dividing  dichotomously,  end  oniy  in  the  aponeurosis,  cirhfr 
suddenly  or  by  means  of  a  small  swelling — a  view  confirmed  by  Raul«-r.  Thi 
existence  of  sensory  nerves  in  muscles  is  also  proved  by  the  fjcl  that,  stimuktiofl 
of  the  central  end  of  a  motor  nerve,  ^.  ^.,  the  phrenic,  causes  increase  uftbc 
blood  pressure  and  dilatation  of  the  pupil  {Asp,  Ktiuui/eufsky,  A'atvrarit ),  as  well 
as  by  the  fact  that  when  they  are  inflamed  they  are  painful.  They,  of  coutx,  do 
not  drgenerate  after  section  of  the  anterior  root  of  the  spinal  nerves. 

Red  and  Pale  Muscles. — In  many  Ashes  {skate,  plaice,  herring,  roackercl)  ( fV,  Srt'rfit^),biriit 

Fig.  aSA. 
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Intnt-ltbrilUr  icrmliiaiioM of  k  motor  nerve  in  ■tripedmuictckUined  with  culil  thlarltU 

and  mammals  (robbils),  there  are  two  kinds  of  striped  muHrle  /AV<r««,),  differing  in  color,  W»»- 
logical  stiucturc  [fionvirr)  and  physiolc^ical  properties  [A'roMCfifr  ami  Stirtittg).  ^'*'"*''* 
"red,"  ^.  t'..  llie  solcus  and  scniiicmltnosus  of  the  labhit,  and  niher*  "pale/*  r.^-,  ll»e '*"'** 
magnus.  In  the  /*i/c  mu'tclcs  Ihe  transvcrw  siriniion  is  less  regnUr,  and  their  nucJcl  fewer  *•**■• 
the  red  muscles  {A'anvifr);  they  contain  leu  glycogen  and  myoAin.  [W.  Mtrhng  finds  iliallh*  "J 
nmscles  in  many  Eshes,  *■.;(:.,  the  mackcicl,  cuaiain  granules  of  oil,  and  present  all  the  iip[.'cartiin*« 
muscle  in  a  stale  of  Ulty  dcgenefolion.  while  ibc  pole  muscles,  lying  side  by  siJe,  conuin  m  »V 
granule^.]  ,_ 

[Spectrum.— The  red  colorof  the  ordinary  skelclal  muscle  ii  due  to  liirmoglobtD  inlhcBW*"* 
■ulMiancc  ^AlM«^).  This  is  proved  l>y  ihe  fact  that  the  color  is  rcuined  when  all  the  Uo^ 
waslicd  uut  uf  the  vessels,  when  a  thin  muscle  still  shows  ilie  absorption  bands  of  h*moglabiiw>*" 
examined  with  ihe  speclruscupc.] 

[Myo-haraalin.— MacMunn  poims  out  that,  although  most  voluntary  mnicfcs  owe  lbeir«W* 
hwmoglobin.  ii  la  accompanied  by  myo  h.ematin  in  most  cases,  and  somdimes  entirely  t«jiK«  "V 
ii.  Myo-h.vmalia  is  found  in  the  kfart  of  vertebrates,  and  in  some  muscles  of  veilcbrates  and  in'*- 
tchiatcs.]  . 

Muscular  Fibres  of  the  Heart.— The  mammalian  cardiac  muscle  has  certain  pecslurt** 
already  mcniiuiKd  (il  43):  (i)  U  is  striped,  hut  it  is  involuntary;  (2)  it  has  no  sarcolemnu;  (^^ 
til}rcs  branch  and  anasiomosc;  (4)  the  transveise  striation  is  not  so  dislmcl,  and  «  U  ■Og«*||f~ 
striated  longitudmolly;  (5)  the  nucleus  is  plateiJ  in  the  ccnireof  each  cell  t»cr  '  » :  1  '^^^^'Jlj 
muscle,  viewed  from  a  phyuolognal  [xiint  of  view,  stands  midway  Uiween  ""^K 

muscle,     lis  cmtraciion  occurs  slowly  and  lasts  for  a  long  time  (p.  I04),  whiii  1  n  w  W"^ 

verselv  slri|*il,  it  is  involuntary.]  j_^-n«a 

[  Purkioje's  Fibres.— These  hbres,  which  form  a  plexus  of  grayish  fibres  under  the  f"**"*^ 
of  ihcheail  of  ruminants,  have  been  riescrilxd  already  (Fig.  aSJ;  Uie  cells  have,  as  ic  wrerp, «»»■«» 
only  to  a  certain  stage  of  development  (}  46).] 
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.opment.—  Each  mu!>cular  BUre  is  developed  from  a  uninucleated  cell  of  (he  mesobbst, 
elonyaic<  inio  ihe  form  of  a  sj.jnille.  As  the  cell  eloiigalcs,  ihc  nuclei  inulliply.  'llic  &upct- 
'or  pariclal  part  nf  the  cell  sulwUnce  showK  IranKvcnt  markings  ( Fig.  2S1,  7),  while  Ihe  nuclei 
(a  sntttll  amount  of  protoplasm  are  continuous  along  the  axis  of  ihc  fibre,  vhere  they  remain  in 
I  animals.  Vciung  muscles  have  fewer  hbres  than  those  of  adults,  and  the  former  arc  also 
ler  \8ut/ge). 

|l  developing  muscles,  the  number  of  6hres  is  increased  by  the  proliferation  of  the  muscle 
Itcles,  uhich  form  new  fibres.  Striped  muscle,  besides  occurrinif  in  the  corresponding  organs 
Inehrala,  occurs  in  the  iti<(  ami  choroid  of  tiinls.  The  arthrop<i<la  have  only  striped  mu^^clc, 
polluscs,  worms,  and  echinoderms  chielly  smooth  muscles ;  in  the  latter,  there  arc  muscles  with 
Be  oMii|ue  Mriatioii  i.SVAiCii/^i'). 
|INon>Striped  Muscle. — {Distribution. — It  occurs  very  widely  disthbutrd  in  the  body,  in 

Eiscular  coat  of  the  lower  lialf  of  the  human  cestiphagus,  siomach,  small  and  large  intestine, 
laris  muco5.r  of  the  intestinal  tract,  in  the  arteries,  veins  and  lymphatics,  posterior  pan  of 
tchea.  bronchi,  infundibula  of  the  lung,  muscular  coal  of  the  ureter,  bladder,  urethra,  vas 
|ier»*.  vrsiCulT  seminalis  and  prostate  ;  corpora  cavernosa  and  sp<iogiosa  penis,  uvary.  Fallopian 
I  Uterus,  skin,  ciliary  muscle,  iris,  upptr  eyelid,  spleen  and  capsule  of  lymphatic  glands,  tunica 
^  of  the  scrotum,  ^-all  t>laddcr,  in  ducts  uf  gland<.  and  in  some  other  situations.] 

Cture — Smooth  muscular  fibres  consist  of  fusifonn  ur  spindle  shaped  elongated  cells,  with 
nds  either  tapering  to  fine  points  or  divided  (Fig.  2S1,  id).    These  contractile  fibre  celts  may 
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Smooth  miuciilAr  5bre  from  the  rnrwn* 
Icry  of  3  ncwl  (ammoninin  cliro- 
nale).  N,  aucleiu:  F.  (ibriU;  S, 
natklagK  la  ih«  ehcalh. 


TcfnUutlon  of  nerve  io  aon-striped 
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ited  by  steeping  a  piece  of  the  tissue  in  a  30  per  cent,  solution  of  caustic  potash,  or  a  strong 
|k>n  of  nitric  add.  Ihcy  are  45  to  230  ju  [^J^^  to  j\^  in.]  in  length,  and  4  to  10  ft  [^f}^^  to 
jUn.]  in  breadth.  Each  cell  coniains  a  solid,  oval,  elongated  nucleus,  which  may  contain  one 
pre  nucleoli.  It  is  brought  into  view  by  the  action  of  dilute  acetic  aci<l,  or  by  staining  reagents. 
iBass  of  Ihe  cell  appears  more  ur  less  homi^cneous  [and  is  isurTouudetl  by  a  thin  elastic  envel* 
|i  In  some  places  it  shows  longitudinal  hbrillaiion.  [Method. — This  tibrillation  is  revealed 
I,  distinctly  thus:  Place  the  mesentery  of  a  newt  {A'lein)  or  tlie  bladder  of  the  salamandra 
iiUta  {H^fMMifix'\  in  a  5  per  cent,  solution  of  ammonium  chromate,  and  afterward  stain  it  with 
iBBrmme.  Each  cell  consists  of  a  thin  elastic  sheath  (sarcukmma  of  Krause)  enctoFiing  n 
Be  of  fibrils  (F),  which  run  in  a  longiludioal  direcliou  within  the  fibre  (Fig.  2S7J.  lliey  are 
IDuous  at  the  poles  of  the  nucleus  with  the  fUexus  of  fibrils  which  lies  within  the  nucleus,  and, 
iding  to  Klein,  they  are  the  contractile  part,  and  when  ihcy  contract,  the  sheath  becomes 
jded  transversely  and  exhibits  wliat  k)oks  like  thickenings  {SY  1  hese  fibrils  have  been  observed 
Irmming  in  the  cells  while  Hving.  Sotnelimes  the  cells  are  oranchcd,  while  in  the  frog's  bladder 
isre  triradiate.] 

rangemeaL — Sorocliroes  the  fibres  occur  singly,  bul  usually  they  are  arranged  in  groups, 

lamella;,  sheets,  or  bundles,  or  in  a  plextform  manner,  the  bundled  bcmg  surroumlcd  by 

Ive  liuue.j     A  very  delicate  elastic  cement  substance  unites  the  individual  cells  tn  each 

[This  cement  may  be  demonstrated  by  the  action  of  nitrate  of  silver.     In  transverse  sectiou 
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I  Fig.  381,  II  )lhey  appear  oval  or  polygonal,  with  the  delicate  homogeneonx  cemeitt  betwceo  Ibea; 
hut,  as  the  fibres  are  cut  at  various  levels,  the  areas  are  unequal  in  size,  and  all  of  Ibeo,  of  oonc^ 
arc  not  divided  nt  the  positioQ  of  the  nucleus.  J 

They  vary  in  length  from  yj^  to  ^^g  of  an  inch;  those  in  the  blood  vessels  are  shoii,  wblletliq 
are  long  in  the  iatentinal  tract,  and  cf^pecially  in  the  pregnant  aierui.  According  to  En^daiat, 
tiic  separation  of  the  smooth  miisculnr  subMance  into  il5  in<lividual  spindle  liVe  elcmcntftU  »  fnt- 
mortem  change  of  the  tissue.  Sometimes  transverse  thickenings  are  wen,  which  aie  nd  doc  to 
transverse  striation  {Krause)^  but  to  a  partial  contraction  [Meinntr). 

Blood  Vessels.— (Jcrasionally  they  have  a  tendinous  insertion.  Non-stri|}ed  muKle  b  ncUv 
tiupplird  with  Hood  vrsself!,3nd  the  capillaries  form  elongated  meshes  between  the  fibre*  [altbeo^ 
it  IS  not  so  vascular  as  striped  muscles].     Lymphatics  also  occur  between  the  fibres. 

Motor  Nerves. — According  to  J.  Arnuhl,  iliey  consist  of  medullnlcd  and  nuamedallated  fins 
[derived  from  the  sympathetic  system]  which  form  a  plexus — ground  plexus — partly  pruvvlcd 
with  ganglionic  cells,  and  lying  in  the  connective  tissue  of  the  pciimvbium.  [The  fibres  ait  ncr- 
rounded  with  an  cnd*Mhetial  sheath,]  Sm.ill  branches  [aimposed  of  bundles  of  fituils]  are  pvet 
olT  firom  ibis  plexus,  forming  the  intermediary  plexus  with  angular  nuclei  at  the  nodal  poius.  b 
lies  either  immediately  upon  the  musculature  or  in  (be  connective  tissue  between  the  tndiviJiul 
bundles.  From  the  intermediary  plexus,  the  finest  hbrilla;  (0.3  to  0.5  M)  pass  off  either  singly  « in 
groups,  and  reunite  to  form  the  intermuscular  plexus  (Fig.  288.  d^,  which  hes  m  the  ctoma 
substance  between  the  muscle  cells,  to  end,  according  to  Fraukeiibfiuscr,  in  the  nucleoli  of  tlM 
nucleus,  or  in  ihe  neighborhood  of  the  nucleus  (Zhj/t^').  According  to  J.  Arnold,  the  fibfils  tTsvtnt 
the  fibre  and  the  nucleus,  so  that  the  fibres  appear  to  be  strung  upon  a  5bril  passing  throagb  tlicfl 
nuclei.  According  to  LAwii.  the  fibrils  reach  only  the  interstitial  substance,  while  Oschcidlen  oIm 
oljserved  that  the  finest  terminal  fibrils,  one  of  which  goes  to  each  muscular  fibre,  ran  aloncj 
margins  of  the  latter  (Fig.  288).  The  course  of  these  fibrils  can  only  be  traced  after  the  ac 
gold  chloride.     [Ranvier  has  ir.iccd  their  terminations  in  the  stomach  of  the  leech.] 

Nerves  of  Tendon. — Within  the  tendons  of  the  frog  ihere  is  a  plexus  of  niedutlated  Dtr*ff 
fibres,  from  which  brush-like  divided  fibres  proceed,  which  ultimately  end  with  a  point  in  nndi 
plates,  the  nerve  flakes  of  Kollcn.     According  to  Sachs,  bodies  like  end  bulbs  occur  in  ti 
while  Kauber  found  Vater's  corpuscles  in  their  sheaths;  Golgi  found,  in  addition,  f/fff^/ciil 
ttrminAl  corpusclts,  which  he  regards  as  a  specific  apparatus  for  estimating  tension. 

293.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  MU! 
CLE. — I.  The  consistence  of  thesarcoussubstame  is  the  same  as  that  of  living 
protoplasm,  e.  g.^  of  lymph  cells;  it  is  semi-solid,  /.  r.  it  is  i^ot  fluid  to  such  a 
degree  as  to  flow  Like  a  fluid,  nor  is  it  so  solid  that,  when  its  parts  are  separated. 
the.se  |>arts  are  unable  to  come  together  to  form  a  continuous  whole.  The  consta- 
tence  may  be  compared  to  a  jelly  at  the  moment  when  it  is  dissolved  t.^. /.,  by 
heat).     The  power  of  imbihition  is  increased  in  a  contracted  muscle  {Hamke). 

Proofs. — The  following  facts  corroborate  the  view  expressed  above  :  (a)  The  analog;  bctwea 
the  function  of  the  sarcous  suli5tance  and  the  contractile  protoplasm  of  cells  f  {  9).  (A)  T1ic«»- 
called  Porrel's  phenomenon  ( IV.  Kiihar)  which  consists  in  this,  that  when  a  gnlrajiic  ciimnl  ■ 
conducted  through  the  liv'ing,  fre>h,  sarcous  substance,  the  contents  of  the  muscular  fibre  exhibdi 
streaming  movement  from  ttie  [K/siIive  to  the  negative  pole  (as  in  all  other  fluids),  so  thai  ibeT 
swells  at  the  negative  [lole.  {c>  l)y  the  fact  that  wave  movements  have  been  observed  to  past  alt 
muKolar  fibre.  (</)  Direct  observation  has  shown  that  a  small  parasitic  round  worn  (Ml 
Weismanni  t  moved  freely  in  the  sarcoiu  substance  within  the  sarcoletuma,  while  the  semi-solid  1 
closed  up  in  the  track  l>chind  it  (  IV.  A'^hnr,  KftfitA). 

2.  Polarized  L.ig^ht. — The  contractile  substance  doubly  refracts  light,  and  is  said  to  be  anii»- 
tropous,  while  the  ground  substance  causes  single  refraction,  and  is  isotropous.  Accanti^^is 
UrUcke,  muscle  liehaves  like  a  dnubly^tefmctive,  positively  uniaxial  txidy,  whose  uptical  aiis  Ucs  U 
(he  long  axis  of  the  fibre.  When  a  muscular  fihre  is  examined  under  the  ])olari/atK>n  micnacofC 
the  doulilyrefractive  suljstance  is  recognized  by  lis  appearing  ^/^i^-A/in  the  dark  lield  of  the  Nilaa 
scoiK!  when  the  Nicols  are  crossed  { I  297).  Uuring  contraction  of  the  muscular  fibre,  the  coaOse- 
tite  port  of  the  fibre  l)CComes  narrower,  and  at  the  same  time  broader,  whilst  the  optical  oottSWB 
do  not  thereby  undergo  any  change.  Hence,  Hrilcke  concludes  that  the  contractile  disks  arcaai 
simpk  bodies  tike  crystals,  but  must  consist  of  a  whole  scnes  of  small,  doubly  refractive  elcmcaii 
arranged  in  groups,  which  change  their  position  during  contraction  and  relaxation.  These  imaI 
elements  Uriicke  called  disdiaclasts.  According  10  Schipiloff',  Oanielewsky,  and  O.  N*ae,tfe 
contractile  auisotropous  substance  consists  of  myosin,  which  occurs  in  a  crystalline  cottdilio^  iv^ 
represents  the  disdiaclusts.  According  to  Hngclmann,  however,  all  contractile  elements  are  ikK% 
refractive,  and  the  direction  of  contraciinn  always  coincides  with  the  optical  axis. 

The  investigations  of  v,  Ehncr  have  shown  that  during  the  process  of  growth  of  the  tim^**- 
ttitn  IS  produced — the  tension  of  bodies  subjected  to  imbibition — which  results  in  doulJe  rvftaOHai 
and  so  gives  ri»e  to  the  condition  called  anisoiropous. 
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The  chemical  composition  of  muscle  undergoes  a  great  change  after  death, 
owing  to  the  spontaneous  coagulation  of  a  proteid  within  the  muscular  fibres.  An 
frog's  muscles  may  be  frozen  and  thawed,  and  still  remain  contractile,  they  cannot, 
therefore,  be  greatly  changed  by  the  process  of  freezing.  W.  Kiihne  bled  frogs, 
cooled  their  muscles  to  10°  or  7°  C,  pounded  them  in  an  iced  mortar,  and  ex- 
pressed their  juice  through  linen.  The  juice  so  expressed,  when  filtered  in  the 
cold,  forms  a  neutral,  or  allcalinc,  slightly  yellowish,  opalescent  fluid,  the  so-called 
'*  muscle  plasma."  Like  blood  plasma,  it  coagulates  spontaneously;  at  first 
it  is  like  a  uniform  soft  jelly,  but  soon  becomes  opaque ;  doubly-refractive  fibres 
and  specks,  similar  to  the  fibrin  of  blood,  appear  in  the  jelly,  and  as  these  begin 
to  contract,  they  squeeze  out  of  the  jelly  an  uciff  "muscle  scrum,"  Cold 
prevents  or  delays  the  coagulation  of  the  muscle  plasma;  above  0°,  coagulation 
occurs  very  slowly,  and  the  rapidity  of  coagulation  increases  rapidly  as  the  tem- 
perature rises,  while  coagulation  takes  place  very  rapidly  at  40"  C.  in  cold-blooded 
animals,  or  at  48"  to  50*  C.  in  warm-blooded  muscles.  The  addition  of  distilled 
water  or  an  acid  to  muf^cle  plasma  causes  coagulation  at  once.  The  coagulated 
proteid,  most  abundant  in  muscle,  and  which  arises  from  the  doubly-refractive 
substance,  is  called  "myosin  "   {IV.  Kiihnt^. 

Myosin.— It  is  a  globulin  ($  245),  and  is  soluble  in  strong  f  10  \xt  cent.)  solutiont^  of  Cdmmon 
«ali.  antl  is  aftatn  precipiiaied  from  such  a  solution  by  cHluiion  with  water,  or  by  the  adtlition  of  very 
small  quanltiics  of  acids  (o.l  to  0.2  percent,  lactic  or  hydrochloric  acid).  It  Is  soluble  in  dilute 
Alkalies  or  slightly  stronger  acids  {0.5  percent,  lactic  or  liydrochluric  add), and  also  in  13  per  cent. 
atumuniutn  ctdoride  solution.  Like  fil>rin,  myosin  rapidly  liecomposes  bydric  peroxide.  When 
treated  with  dilute  hydrochloric  acid  and  heat,  it  is  changed  into  synlonin  {\  245).  Myosin  may 
be  extracted  from  muscle  by  a  10  to  15  [>er  cent,  solution  of  Nli^O,  and  if  it  be  hca'ed  to  65°  it  is 
mecipitated  again  {Dameirufsiy).  Danielcwsky  succeeded  in  partly  changing  syntonin  into  myi>sin 
Of  ihe  action  of  milk  of  lime  and  ammoniam  chloride.  Myosin  occurs  in  other  animal  structures 
^corncaj,  luy.even  in  some  vegetables  {O.  jVaut). 

Muscle  serum  still  contains  three  proteids(2.3  to  3  per  cent.)»  viz.:  i. 
Alkali  albuminate,  which  is  precipitated  on  adding  an  acid,  even  at  20**  to  24° 
C.  2.  Ordinary  serum  albumin,  1.4  to  1.7  per  cent.  (§  32,  <»),  which  coagu- 
lates at  73°  C.     3.  An  albuminate  which  coagulates  at  47°  C. 

The  other  chemical  constituents  of  muscle  have  been  referred  to  in  treating  of 
flesh  (§  233).  1.  Briicke  found  traces  of  pepsin  and  peptone  in  muscle  juice; 
Piotrowsky,  a  trace  of  a  diastatic  ferment.  2.  In  addition  to  volatile /t/Z/y  rftvyj 
(formic,  acetic,  butyric),  there  are  two  isomeric  forms  o{  lactic  aa't/  {C^H^O,)  pre- 
sent in  muscle  with  an  acid  reaction  :  (a)  EthyHdene-lactic  aci(f,  in  the  modifica- 
tion known  as  right  rotatory  sarcolactic  or  paralactic  acid,  which  occurs  only  in 
muscles,  and  some  other  animal  structures,  {b)  Ethylene-iactic  acid  in  small 
amount  (§  251,  3  c).  It  was  formerly  assumed  thai  lactic  acid  is  formed  by  fer* 
mentation  from  the  carbohydrates  of  the  muscle  (glycogen,  dextrin,  sugar),  and 
Maty  has  observed  that  paralactic  acid  is  occasionally  formed  when  these  bodies 
undergo  fermentation.  According  to  IJohm,  however,  the  glycogen  of  muscle 
does  not  pass  into  lactic  acid,  as  during  rigor  morti.s,  if  putrefaction  be  prevented, 
the  amount  of  glycogen  does  not  diminish.  If  muscle  be  suddenly  boiled  or 
treated  with  strong  alcohol,  the  ferment  is  destroyed,  and  hence  the  acidification 
of  the  muscular  tissue  is  prevented  {Du  BoisReymomi).  Acid  potassium  phosphate 
also  contributes  to  the  acid  reaction.  3.  Camin  ( C7H,N40,),  which  is  changed  by 
bromine  or  nitric  acid  into  sarkin,  occurs  to  the  extent  of  i  per  cent,  in  Liebig's 
extract  of  meat  {Weidel).  4.  Only  o.oi  per  cent,  of  urea  (Jfaycra/t).  5.  6Vv- 
t^en  occurs  to  the  amount  of  over  i  per  cent,  after  copious  flesh  feeding,  and  to 
0.5  per  cent,  during  fasting.  It  is  stored  up  in  the  muscles,  as  well  as  in  the  liver. 
during  digestion,  but  it  disappears  during  hunger.  It  is  perhaps  formed  in  the 
muscles  from  proteids  (§  174,  2).  6.  Lecithin,  derived  in  part  from  the  motor 
nerve  endings  ^§  23  and  §  251).  7.  The  gases  are  CO,  (15  to  iS  vol.  per  cent.), 
partly  absorbed,  partly  chemically  united  j  some  absorbed  N,  but  no  O,  although 
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muscle  continually  a^>so^b9  O  from  the  blood  passing  through  it  { I..  Htrmtn\ 
The  muscles  contain  a  sul>slance  whose  decomposition  yields  CO,.  When  rausda 
are  exercised,  this  substance  is  used  up,  so  that  severely  fatigued  muscles  yield  lew 
COb  [Stinting).  [It  is  to  be  remembered  tliat  all  muscles  have  not  the  amc 
chetnical  composition.] 

294.  METABOLISM  IN  MUSCL£.— I.  A  passive  muscle  rontinQ- 

ally  absorl>s  a  certain  amuunt  of  (>  from  the  blood  flowuii^  through  its  captllanct, 
and  returns  a  certain  amount  of  CO,  to  the  blix>d  stream.  The  amount  of  CO, 
given  ofT  is  less  than  corresponds  to  the  amount  of  O  absorbed.  Excised  moscit* 
freed  from  blood  exhibit  an  analogous  but  diminished  gaseous  exchange  (TJii 
BoiS'Rrymond,  G.  tiehig).  As  an  excised  muscle  remains  longer  excitable  in  0 
or  in  air  than  in  an  atmosphere  free  from  O,  or  in  indifferent  gases  {Ai  t.  Him- 
boidi)^  we  must  conclude  that  the  above-named  gaseous  exchange  is  connected 
with  the  normal  metabolism,  and  is  a  condition  on  which  the  life  and  activity  of 
the  muscle  depends. 

ir  a  living  muscle  be  cKciseH,  and  if  blood  be  perfused  through  iti  blood  veaselv,  the  mmoant  of 
O  used  up  is,  within  pretty  wide  limits  ahnust  inHc|>cndeDt  of  lernperalurc;  if  the  rarillteu  <f 
temperature  be  great,  it  rises  and  Talis  with  Ihc  icmpernlurc.  The  CO,  gi^en  off  by  musculir  (i»HB 
falls  when  the  mu(.cle  is  conlei  [less  than  the  O  uied  up),  but  it  U  ooC  increaacd  when  the  mide 
is  subsequently  warmed  \Ruhner). 

This  exchange  of  gases  mu*t  be  di'tinguished  from  the  putrefactive  phenomena  due  to  the  dwd 
opment  of  livinf;  organisms  in  the  muscle.  These  jiutreraciive  phenomena  arc  also  Cf^nnecied  wilk 
the  coniump'i  m  of  (_)  and  the  excretion  of  CO,,  and  occur»  soon  after  death  {L.  ffermtiitm). 

II.  In  an  active  muscle  the  blood  vessels  are  always  dilated  {Lutheii 
ami  Sczeikoiv,  Gaskell) — a  condition  pointing  to  a  more  lively  material  cxchingt 
in  the  organ.  Henre,  the  active  muscle  is  distinguished  from  the  passive  onebjr 
a  series  of  chemical  transformations. 

1.  Reaction. — The  neutral  or  feebly  alkaline  reaction  of  a  passive  muicle 
(also  of  the  non-striped  variety)  passes  into  an  acU  reaction  during  the  activity 
of  the  muscle,  owing  to  the  formation  of  paralactic  acid  {Du  Boii- Rrrmciid, 
^Ss9) ;  the  degree  of  acidity  increases  up  to  a  certain  extent,  according  to  tbc 
amount  of  work  performed  by  the  muscle  (R.  Hmlenhahi).  The  acidification  i* 
due,  according  to  Weyl  and  Zeitler,  to  the  phosphoric  acid  produced  by  the 
decomposition  of  lecithin  and  (?nucleiQ). 

It  is  doubtful  if  the  acidity  is  due  to  Inctic  acid,  as  Warren  and  Aitaschcwsky  fiod  thil  Utcrcn 
leu  lactic  acid  in  the  active  than  in  the  passive  muscle. 

2.  Production  of  CO,. — An  active  muscle  excretes  considerably  more  C0| 
than  a  passive  one :  (r/)  active  muscular  exertion  on  the  |>art  of  a  man  or  of  »ni- 
mals  increases  the  amount  of  CO,  given  off  by  the  lungs  (§  uy);  (^1  venom 
blood  flowing  from  a  tetanized  muscle  of  a  limb  contains  more  CO..  mott  CO, 
being  formed  than  corresponds  to  the  ().  which  has  simultaneously  been  absort»ol 
{Ludtvig  ami  Sczelkow).  The  same  result  is  obtained  when  blood  is  passed  through 
an  excised  muscle  artificially  ;  (f)  an  excised  muscle  caused  to  contract  c^tcrete 
more  CO^  {MalUucci,  Vaitntin). 

3.  Consumption  of  Oxygen. — An  active  muscle  uses  up  more  O — {a)  when 
we  do  muscular  work,  the  tx>dy  absorbs  much  more  O  (p.  .^66) — even  4  to  5  titiKS* 
much  {^Regnauit  and Rtisct  )  ;  (/*)  venous  blood  flowing  from  an  active  tnuscleof 
a  limb  contains  less  O  \Ludung,  Sczeihnt'  and  Ai,  Sf/imid/).  NevertheloHf 'hf 
increase  of  O  used  up  by  the  active  muscle  is  not  so  great  as  the  amount  of  C(\ 
given  off  (v.  Petieniiofer  and  %k  Voit).  The  increase  of  O  used  up  may  be  w^t^ 
tained  even  during  the  period  of  rest  directly  following  the  period  of  activity* 
and  the  same  is  the  case  with  the  CO,  excreted  (r.  Frey). 

As  yet,  it  is  not  possible  to  prove,  by  gasoraetric  methods,  that  0  is  "^ 
up  in  an  excised  muscle  free  from  blood.     Indeed,  the  presence  of  0  docsD^^ 
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seem  to  be  absolutely  nece.ssary  for  the  activity  of  muscle  during  short  periods,  as 
an  excised  muscle  may  continue  to  contract  in  a  vacuum,  or  in  a  mixture  of  gases 
free  from  O,  and  no  O  can  be  nbtained  from  muscular  tissue  (Z.  llennann).  A 
frog's  muscles  rob  easily  reduc  ibie  substances  of  their  O  ;  they  discharge  the  color 
of  a  solution  of  indigo  ;  muscles  which  have  rested  for  a  lime,  acting  less  ener- 
getically than  those  which  have  been  kept  in  a  state  of  continued  activity  {Grutz- 
ner,  Gscheii/Un), 

4.  Glycogen. — The  amount  of  glycogen  (0.43  per  cent,  in  the  muscles  of  a 
frog  or  rabbit)  and  grape  sugar  is  diminished  in  an  active  muscle  {O.  jVusstr,  ff>/jy), 
but  muscles  devoid  of  glycogen  do  not  lose  their  excitability  and  contractility. 
Hence,  glycogen  is  certainly  not  the  direct  source  of  the  energy  in  an  active 
muscle.  Perhaps  it  is  to  he  sought  for  in  an  as  yet  unknown  decomposition 
product  of  glycogen  {Lit chsi titter).  [There  is  more  glycogen  in  the  red  than  in 
ihe  pale  muscles  of  a  ral)l)it.] 

5.  Extractives. — An  active  muscle  contains  less  extractive  substances  soluble 
in  water,  but  more  extractives  soluble  in  alcohol  (v.  Ifelmhifltz,  184^^ ;  it  also 
contains  less  of  the  substances  which  form  CO,  {Jianke\ ;  less  fatty  acids  (^Sczelkow) ; 
less  kreatin  and  krcatinin  iv.  Vmt). 

6.  During  contraction,  the  amount  of  water  in  the  muscular  tissue  increases, 
while  that  of  the  blood  is  correspondingly  diminished  I /.  Ranke).  The  solid 
substances  of  the  blood  arc  increased,  while  they  (albumin)  are  diminished  in 
the  lymph  {Fano). 

7.  Urea. — The  amount  of  urea  excreted  from  the  body  is  not  materially 
increased  during  muscular  exertion  (v.  Voit,  Fick  ami  IVisIirfttus).  According  to 
Parkes,  however,  although  the  excretion  of  urea  is  not  increased  immediately,  yet 
after  \  to  i  'i  days  there  is  a  slight  increase.  The  amount  of  work  done  cannot 
be  determined  from  the  amount  of  albumin  which  is  changed  mto  urea. 

[Relation  of  Muscular  Work  to  Urea — Kd.  Smith,  I'arkn  and  oih-n  have  made  numerotu 
iDvestigaiionii  on  this  hutijcci.  Fick  and  Wibliccnits  (i866|  nscendcd  the  Fauthurn,  and  for  seven- 
teen hours  brfare  ihc  a!u;«nt  and  for  six  hours  after  ihc  asccnl  no  proteid  food  was  taken — the  diet, 
consutittg  of  Cdkca  mide  of  fat,  sujar  and  starch.  The  urine  was  coUectdi  in  three  periods,  as 
follows : — 


PTck. 

WitliuBUs. 

r.  Urea  of  1  f  boura  before  the  ascent .  . 

2,  "             8      '•      during        " 

3.  "            6     "     after           " 

ajSssgrs. 

221. 05  grs. 

A  hearty  meal  was  taken  after  this  period,  and  the  urine  of  the  next  eleven  hours  after  the  period 
of  rest  contained  159.15  grains  of  urea  {FieJt),  and  176  71  (  WisUaHHi),  AU  the  experiments  go 
to  &I10W  that  the  amount  of  urea  excreted  in  the  urine  is  far  more  dependent  upon  the  nitrogen 
ingested,  i  e.,  the  nature  of  the  food,  than  upon  the  drc  imposition  of  the  muscut^u-  substance.  A 
vegelal>[e  diet  diminishes,  whiic  an  animal  diet  greatly  increases,  the  amount  of  urea  in  ihe  urine. 
North's  researches  con6rm  thosi:  of  Parkes,  Im*.  he  finds  ih:it  the  disturbance  produceil  by  severe 
muscular  labor  is  coimderahle.  The  elimination  of  phosphates  is  not  affected,  while  the  sulphates 
in  the  urine  are  increased.] 

During  the  activity  of  a  muscle,  a/i  the  groups  of  the  chemical  substances 
present  in  muscle  undergo  more  rapid  transformations  (/.  Hartkg).  It  is  still  a 
matter  of  doubt,  therefore,  whether  we  may  assume  that  the  kinetic  energy  of  a 
muscle  is  chiefly  due  to  the  transformation  of  the  chemical  energy  of  the  carbo- 
hydrates which  are  decom[)Osed  or  used  up  in  the  process  of  contraction.  As  yet 
we  do  not  know  whether  the  glycogen  is  supplied  by  the  blood  stream  to  the 
muscles,  perhai>s  from  the  liver,  or  whether  it  is  formed  within  the  muscles  them- 
selves from  some  unknown  derivative  of  the  proteids.  The  normal  circulation  is 
certainly  one  of  the  conditions  for  the  fortuation  of  glycogen  in  muscle,  as  gly- 
cogen diminishes  after  ligature  of  the  blood  vessels  (^ChanJe/on).     A  muscle  in 
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which  the  blood  circulates  freely  is  capable  of  doing  more  work  than  one  devoid 
of  binnd  {Hankf),  and  even  in  the  intact  body  more  blood  is  always  supplied  lo 
the  contracted  muFcles. 

395.  RIGOR  MORTIS.— Cause. — Excised  striped,  or  smooth  muscles,  ud 
also  tlie  must  les  of  an  intact  body,  at  a  certain  time  after  death,  pass  intoaooo- 
diiion  of  rigidity — cadaveric  rigidity  or  rigor  mortis.  When  all  the  rouscks 
of  a  corpse  are  thus  affected,  the  whole  cadaver  becomes  completely  stiff  ur  rigid. 
The  cause  of  this  phenomenon  depends  upon  the  spontaneous  coagulation  of  s 
proteid,  viz.,  the  myosin  of  the  muscular  fibre  {Kuhne),  in  consequence  uf  the 
formation  of  a  small  amount  of  an  acid.  Under  certain  circumslancirs,  the 
coagulation  of  the  other  proieids  of  the  muscle  may  increase  the  figtdity. 
During  the  process  of  coagulation,  heat  is  set  free  [v.  lSa//Arr,  Fick — §  2aj), 
owing  to  the  passage  of  the  fluid  myosin  into  the  solid  condition,  and  al^toibc 
simultaneous  and  subsequently  increased  density  of  the  tissue. 

Properties  of  a  Muscle  in  Rigor  Mortis. —  It  is  shorter,  thicker  and  some- 
what denser  {S^hmu/ewifsch,  fPa/Ztr) -,  stiff,  compact  and  solid;  turbid  »nd 
opaque  (owing  lo  the  coagulation  of  the  myosin) ;  incompletely  clastic,  \m 
extensible,  and  more  easily  torn  or  ruptured  ;  it  is  completely  inexciiable  lo 
stimuli ;  the  muscular  electrical  current  is  abolished  (or  there  is  a  slight  currrnl  in 
the  opposite  direction)  ;  its  reaction  is  aa'i/,  owing  to  the  formation  of  both  foruu 
of  lactic  acid  {§  293)glycero-phosphoric  acid  (Diakamno) ;  while  it  also  develops 
free  COj.  When  an  incision  is  made  into  a  rigid  muscle,  fluid  (^rouscle  sentm, 
p.  501)  appears  spontaneously  in  the  wound. 

The  first  formed  lactic  acid  converts  the  salts  of  the  tnuKle  into  acid  salts ;  thus  potossinni  UOrie 
•nd  acid  pcxas&ium  phosphate  are  formed  from  potassium  phosphate.  The  lactic  acid,  whidt  k 
formcrl  thcrenflcr.  remains  free  and  unnnitrrl  in  the  muscle. 

Amount  of  Glycogen. — The  newest  oUervotions  of  HOhm  are  against  the  view  lh»t,  rl«rtfl{ 
rigor  mortis,  a  panisl  ur  complete  transform ation  of  the  glycogen  into  «ugar  and  then  mio  Isaic 
acid  likes  place.  During  digestion,  a  tem|U)rary  storage  of  glycogen  occurs  in  the  nm»ctcs  as  well 
as  in  the  liver,  so  that  about  as  much  is  found  in  ihe  inu.tclca  as  in  the  liver.  There  is  no  f^inisu 
tion  of  the  glycogen  when  rigidity  takes  place,  provided  putrefaction  be  prevented;  so  thai  tile 
lactic  acid  of  rigid  muscles  cannot  he  foi oicd  from  glycogen,  but  more  probably  it  is  formed  Enan  the 
decomposition  of  the  albuminates  (/>/mdn/,  fi$hm). 

llic  amount  of  acid  docs  not  vary,  whether  the  rigidity  occurs  rapidly  or  slowly  {J.  /ttiUf); 
when  acidification  begins,  the  ligidity  becoiDC5  more  marked,  owing  to  the  coagulation  of  thealliali 
albuminnlc  of  the  muscle.  Less  CO,  is  formed  from  a  rigid  muscle,  the  more  CO,  it  has  gifen  Q^ 
prcviou^ily,  during  muscular  cxerllun.  A  rigid  muscle  gives  off  N  and  absorb*  O.  In  •  OKtllcnC 
rigid  muscle,  fibrin  ferment  is  present  {jt/.  Schmidt  anii  others).  It  seems  to  be  a  product  of  pro- 
tot^Usm,  and  is  never  absent  where  this  occurs  ( Rauukenbach). 

[Rigor  Mortis  and  Coagulation  of  Blood. — Thus  there  is  a  mukcd 
analogy  between  the  coagulation  of  Ihc  blood  and  that  of  muscle.  In  both  case, 
a  fluid  body  yields  a  solid  body,  fibrin  from  blood,  and  myosin  from  muscle,  umI 
there  are  many  other  points  of  analogy  (p.  506).] 

Stages  of  Rigidity. — Two  stages  are  recognizable  in  cadaveric  muscles:  In 
the  first  stage,  the  miLscle  is  rigid^  but  still  excitable ;  in  this  stage  the  myosin 
seems  to  be  in  a  jelly-like  condition.  Restitution  is  still  possible  during  this 
stage.  In  the  second  stage,  the  rigidity  is  well  pronounced,  with  all  the  ph^ 
nomena  above  mentioned. 

The  onset  of  the  rigidity  varies  in  man  from  ten  minutes  to  seven  houn  [and  it 
is  complete,  as  a  rule,  within  four  to  six  hours  after  death.  The  muscles  of  the 
jaws  are  first  afTectcd.  then  those  uf  the  neck  and  trunk,  afterward  (as  a  rule)  the 
lower  limbs,  and  finally  the  upper  limbs].  Its  duration  is  equally  variable — one 
lo  six  days.  After  the  cadaveric  rigidity  has  disapiK*ared,  the  muscles,  owing  (0 
further  decompositions  and  an  alkaline  reaction,  become  sof^  and  the  rigidity  dis- 
Bp^>ears  {NysUn^  Sommtr).  The  onset  of  the  rigidity  is  always  preceded  by  a  lOB 
of  nervous  activity.  Hence,  the  mtiscles  of  the  head  and  neck  are  first  affected, 
and  the  other  muscles  in  a  descending  series  (§  325).     Disappearance  of  the  rigid* 
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occurs  first  in  the  muscles  first  affected  {Nysten).  Great  muscular  activity  be- 
fore death  (^jf.,  spasms  of  tetanus,  cholera,  strychnin,  or  opium  poisoning)  causes 
rapid  and  intense  rigidity  ;  hence  the  heart  becomes  rigid  relatively  rapidly 
and  strongly.  Hunted  animals  may  become  affected  within  a  few  minutes 
after  death.  [This  is  often  seen  in  the  fox.]  Usually  the  rigidity  lasts  longer  the 
later  it  occurs.  Rigidity  does  not  occur  in  a  fuelus  before  the  seventh  month.  A 
frog's  muscle  cooled  to  o°  C.  does  not  begin  to  exhibit  cadaveric  rigidity  for  four 
to  seven  days. 

Stenson's  Experiment. — The  amount  of  blood  in  a  muscle  has  a  marked 
effect  upon  the  onset  of  the  rigidity.  Ligature  of  the  muscular  arteries  causes  at 
first  in  all  mamraaJsan  increase  of  the  muscular  excitability  and  then  a  rapid  fall  of 
the  excitability  {Schmuie^viis^h) ;  thereafter  stiffness  occurs,  the  one  stage  following 
closely  upon  the  other  ( Swam mrr Jam,  A'ic.  Stenson,  i66j^.  [If  the  ligature  be 
removed  in  the  first  stage,  the  muscle  recovers^  but  in  the  later  stages  the  rigidity 
is  pcrtnanent-l  If  the  artery  going  to  a  muscle  be  ligatured,  Stannius  observed 
that  the  cxcitaoility  of  the  motor  nerves  disappeared  after  an  hour,  that  of  the  mus- 
cular substance  after  four  to  five  hours,  and  then  cadaveric  rigidity  set  in. 

Pathological.— When  the  blood  vessels  of  a  muscle  are  occluded,  by  coagulation  taktn)^  place 
within  them  i  Landois),  rigidity  of  the  muscles  is  produced  ({  \qi\.  1'rue  cadaveric  rigidity  may 
be  produced  by  lou  tighl  bandaging;  ihe  mu^ctcs  are  paralyzed,  rigid,  and  break  up  into  flakes, 
while  the  conients  of  the  iibre  are  afterwaril  aLt&ortxd  { ft,  Voikmann).  Occlusion  of  the  bloud 
vcfescls  of  muscles  by  in&rcts.  especially  in  persons  with  atheromatous  arteries,  may  «Ten  cause 
necrosis  of  tbc  muscles  implicated  {Fmeh,  Girandtttu). 

If  the  circulation  be  reestablished  during  the  first  stage  of  the  rigidity,  the 
mitscle  soon  recovers  its  excitability  (S/a/ifiius).  When  the  second  stage  has  set 
in,  restitution  is  impossible  (Kiihru).  In  cold-blooded  animals,  cadaveric  rigidity 
does  not  occur  for  several  days  after  ligaturing  the  blood  vessels.  Brown-StSquard, 
by  injecting  fresh  oxygenated  blood  into  the  blood  vessels,  succeeded  in  restoring 
the  excitability  of  the  muscles  of  a  human  cadaver  four  hours  after  death,  i.  e., 
during  the  first  stage  of  cadaveric  rigidity.  Ludwig  and  Al.  Schmidt  found  that 
ihe  onset  of  cadaveric  rigidity  was  greatly  retarded  in  excised  muscles,  when  arte- 
rial blood  was  passed  through  their  blood  vessels.  Blood  deprived  of  its  O  did 
rot  produce  this  effect.  Cadaveric  rigidity  occurs  relatively  early  after  severe 
hemorrhage.  If  a  weak  alkaline  fluid  be  conducted  through  the  dead  muscles  of 
a  frog,  cadaveric  rigidity  is  prevented  {Schifihff'). 

Section  of  Nerves. — Preliminary  section  of  the  motor  nerves  causes  a 
later  onset  of  the  rigidity  in  the  corresponding  muscles  {Brown-S^quard^  Heineke). 
Perhaps  this  is  caused  by  the  greater  accumulation  of  blood  in  the  paralyzed  parts 
(due  to  section  of  the  vasomotor  nerves).  In  fishes,  whose  medulla  oblongata  is 
suddenly  destroyed,  cadaveric  rigidity  occurs  much  more  slowly  than  in  those  ani- 
cnals  that  die  slowly  {Blnnc). 

Rigidity  may  he  produced  artificially  by  various  reagents : — 
I.   Heat  [•'  Heat  stiffening  "  [Pick/on/)']  causes  the  myosin  to  coagulate  at 
40**  C.  in  cold-blooded  anunals,  m  birds  about  53*^  C,  and  in  mammals  al  48^  to 
o"  C.     The  protoplasm  of  plants  and  animals,  <r.  ^.,  of  the  amceba,  is  coagulated 
y  heat,  giving  rise  to  heat  rigor. 

Schmalewitsch  found  that  the  Innper  a  muscle  had  been  excised  from  Ihe  body,  the  greater  was 
the  heat  retjuired  to  produce  stiffening.  Heal  stitTenin;;  differs  from  cadaveric  rigidity  thus:  a  13 
|ier  cenL  solution  of  ammonium  chloride  dissolves  out  the  myosLo  from  a  cadaveric  rigid  muscle,  but 
not  from  one  rendered!  rigid  by  heat  [Siht'piioff),  U  the  rigid  cadaveric  muscles  of  a  fro^j  tic  heated, 
■nixhcr  proteid  coagulates  at  45°  and  lastly  ai  75*'  the  semm  albumin  itself.  Hence,  both  processes 
together  make  the  muscle  more  rigid  (S  295). 

3.  When  a  muscle  is  saturated  with  distilled  water,  it  produces  **  water 
stiffening  " — an  acid  reaction  being  developed  at  the  same  time. 

Muscles  rendered  stiff  by  wratcr  still  exhibit  cicciro-motive  phenomena,  while  muscles  rendered 
rigid  by  other  means  do  not  (Bicdermonn).     If  Ihe  upper  limb  of  a  frog  be  ligatured,  deprived  of 
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its  <)lcin,  and  dipjieH  in  warm  »Mt«r,  it  becomes  rigid.  If  Ihe  ligature  he  removed  and  the  cbculniaa 
recslabtUlic<),  the  rigidity  may  he  partially  set  aside.  If  there  Itc  well-marked  rt^dity,  i|  en  odf 
be  set  aside  by  placing  the  Umb  in  a  lo  per  cent,  ulution  of  cominon  fialt,  which  Jissulva  Ibe  o»f- 
ulum  of  myosin  (Preytr). 

3.  Acids,  even  COj,  rapidly  produce  "acid  stiffening,"  which  is  prohaWr 
differcnl  from  ordinary  stiffening,  as  such  muscles  do  not  evolve  any  free  CO, 'X 
Hfrtnann).  The  injection  of  0.1  to  0.2  per  cent,  solutions  of  lactic  or  hydro- 
chloric acid  into  the  mtiscles  of  a  frog  produces  stiffening  at  once,  which  ouybc 
set  aside  by  injecting  0.5  per  cent,  solution  of  an  acid,  or  by  a  solution  of  $odi.or 
by  ^5  P^i*  cent,  solution  of  ammonium  chloride.  The  acids  form  a  compound 
with  the  myosin  {Schipiioff^. 

4.  Freezing  and  thawing  a  part  alternately,  rapidly  produces  stiffening ;  iDd 
it  is  aided  by  mechanical  injuries. 

Poiaons. — Kigor  mortis  is  favored  by  quinine,  cafTein,  dif^italin.  [a  cx)DCcntr.itcd  snlutkw  of 
caffein  or  diijiialin,  apjilic<i  to  the  muscle  of  a  frog,  produces  rijjnr  ninni^,]  verairin,  hftlrocmic 
acid,  ether,  chlorororm,  the  oils  of  mu&tard.  fennel,  and  aniseed ;  direct  contact  of  musoikt  liMM 
with  potas'^jum  sulplmcyanide  {Bernard^  ^^-Afi^vi^riOt  ammonia,  alcohol,  and  metallic  iaI|&> 

Position  of  the  Body. — The  altjiude  of  the  Ixviy  during  cadaveric  rigidity  is  t;encnI]Tthri 
occupied  at  death :  the  position  of  the  hml»  \s  the  result  of  the  var>-ing  tensions  of  the  dUtfOi 
muscles.  During  the  occurrence  of  rigor  mortis,  a  limb,  or  more  frofuenlly  the  arm  and  6nfit\ 
may  move  [Sommfr').  Thus,  if  siifTeiilng  occurs  rapidly  and  firmly  in  certain  groups  of  muKtet 
(his  may  produce  movements,  as  is  sometimes  seen  in  cholera.  If  cadaveric  rigidity  ocean  itfy 
rapidly,  the  body  may  occupy  the  same  position  which  it  did  al  the  moment  of  death,  as  soomums 
happens  on  the  hnttle  field.  In  these  cases  it  does  not  seem  that  a  contracted  condition  of  the  mucii 
passes  at  once  into  rigor  mortis;  but  between  these  two  conditions,  according  to  Briickc,  that  it 
always  a  very  short  relaxation. 

Muscles  which  h.ive  ))een  plunged  into  boiling  water  do  not  undergo  rigor  monis,  neiibcr  do 
ihev  Ijccumc  acid  \  Du  Bois- Kay  maud's,  nor  evolve  free  CO^  {L.  Hfrmann). 

Analoi^  between  Contraction  and  Rigidity.  —  L.  Hermann  has  drawn  allenlioa  to  ibc 
analogy  which  exists  Iwlween  a  muscle  in  a  sute  of  contraction  and  one  in  a  stole  of  cadivcric 
rigidity— Iwiih  evolve  COj  and  the  other  acids  from  the  same  source.  The  form  of  the  ojntnaei 
and  the  stiffened  muscle  is  shorter  and  thicker;  both  are  denser,  less  elastic,  and  evolve  beit[  ^ 
both  cases,  the  muscular  contents  hehave  negatively  as  regards  iheir  electromotiTc  force,  m  «*■• 
encc  to  the  unaltered,  living,  resting  !;ulKtance.  Hence  he  is  inclined  to  regard  a  musailarctisnic- 
tion  as  a  temporary,  physiological,  rapidly  disappearing  rigor,  whilst  other  observen  regard  Itiftt- 
ing  as  in  a  certain  sense  the  last  flickering  act  of  a  living  inoscle. 

Work  done  during  Rigidity. — .\  muscle  in  the  act  of  liccoming  sItiT  will  liH  a  weight,  bollkt 
height  to  which  it  is  lifted  is  greoicr  with  small  wcighu,  but  less  with  heavier  weights,  thanwi«* 
living  muscle  is  stimulated  with  a  maximal  stimulus. 

Disappearance  of  Rigidity. — When  rigor  mortis  passes  off,  there  is  aeon- 
sideral>le  amount  of  acid  formed  in  the  muscle,  which  dissolves  the  coaguUted 
myosin.  After  a  lime  putrefaction  sets  in,  accompanied  by  the  presence  of 
micro-organisms  and  the  evolution  of  ammonia  and  putrefactive  gases  (H,S,S. 
CO.-§  184). 

According  to  Onimus,  the  loss  of  excitability  which  precedes  the  onset  of  rigor  moflk  oCCin 
in  the  following  order  in  man:  l^ft  ventricle,  siom^ich,  intestine  (55  minutes] :  urinary  liladAfr. 
right  ventricle  (60  minutes) :  iris  (105  minutes  |  ;  muscles  of  face  and  tongue  ( i So  minutes |:  tk 
exten<nrs  of  the  extremities  (about  one  hour  before  the  flexors) ;  ilie  muscles  of  the  trunk  (fircv 
six  hours).     The  cesophagus  remains  excitatde  for  a  long  time  (j  325). 

296.  MUSCULAR  EXCITABILITY.— By  the  tenn  excitability  or 
irritability  of  a  muscle,  is  meant  thai  property  in  virtue  of  which  a  inu»c|e 
shortens  when  it  is  stimulated.  The  condition  of  excitement  is  the  active  ccwl'- 
tton  of  a  muscle  produced  by  the  application  of  stimuli,  and  is  usually  indicated 
by  the  act  of  contraction.  Stimuli  are  simply  various  fortns  of  energy,  ami  ('>'? 
throw  the  muscle  into  a  state  of  excitement,  while  at  the  moment  of  actifitv  the 
chemical  energy  of  the  muscle  is  transformed  into  work  and  heal,  so  thai  tfirool' 
act  as  liberating  or  "discharging  forces."  The  normal  temperature  of  iJw 
body  is  most  favorable  for  maintaining  the  normal  muscular  excitability;  lhc«' 
citability  varies  as  the  temperature  rises  or  falls. 
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long  as  the  blood  stream  withir;  a  muscle  is  uninterrupted,  the  first  effect 
of  stimulation  of  a  muscle  is  to  increase  its  energizing  power,  partly  because  the 
circulation  is  more  lively  and  the  blood  vessels  are  dilated,  but  aftor  a  time  the 
energizing  power  is  diminished.  Even  in  excised  muscles,  especially  when  the 
Urge  nerve  trunks  have  already  lost  their  excitability,  the  excitability  is  increased 
after  a  stimulus,  so  that  the  application  of  a  scries  of  stimuli  of  the  same  strength 
causes  a  series  of  contractions  which  are  greater  than  at  first  ( //W//).  Hence, 
we  account  for  the  fact  that,  although  the  first  feeble  stimulus  may  be  unable  to 
discharge  a  contraction,  the  second  may,  because  the  first  one  has  increased  the 
muscular  excitability  (/»/•). 

Eflect  of  Cold. — If  the  muscles  of  a  fro^  of  tortoise  lie  kept  in  a  cool  p1ace»  tbey  may  remain 
CkCttAblc  for  Icn  day%.  while  the  mu5clrK  of  wnrm-bloodeH  animals  ceate  to  be  eiccitable  after  one 
and  a  half  to  two  and  a  half  hours.  (For  the  heart,  Me  ^  55.)  A  muscle,  'vrhen  stimulated  directly^ 
always  remniiw  excit-iMc  for  a  Inncer  lime  when  its  motor  nerve  is  already  dead. 

[Independent  Muscular  Excitability. — Since  the  lime  of  Albrecht  v.  Mailer  and  R.  Whytt, 
physiotognsl''  have  a!>cril*ed  to  muscle  a  condition  of  excilahility  which  is  entirely  independent  of 
ihc  cjiintence  of  motor  nerves,  and  which  depends  on  certain  con-titucnts  of  the  sarcaus  tulotance. 
Excitability,  or  the  property  of  responding  lo  a  stimulus,  is  a  widely  dislribiited  function  of  proto- 
plasm or  its  moditicationx.  A  colorless  blood  corpuscle  or  an  amtrba  is  excitable,  and  so  are  secre* 
lory  and  nerve  cells.  In  the  first  cases,  the  application  of  a  stimulus  results  In  mrjtion  in  an  indefi- 
niie  direction,  in  the  second  in  a  formation  of  the  secretion,  and  in  the  third  in  the  discharije  of 
nerve  cnerj*y.  In  the  case  of  muscle,  a  stimulus  causes  movement  in  a  definite  direction,  called  a 
contraction,  and  ileT.»en'llng  on  the  contractility  of  the  sarcous  substance.  There  are  many  considera- 
ttons  which  show  that  ciccitahility  is  independent  of  the  nervous  system,  ahhoiigh  in  the  htf^lier 
animals  nerves  are  the  usual  medium  through  which  the  excitability  is  brought  into  action.  Thus 
plants  arc  excitable,  and  they  contain  no  nerves.] 

Numerous  experiments  attest  the  *' independent  excitability  "  of  muscle  : 
I.  There  are  chemical  stimuli,  which  do  not  cause  movement  when  applied  to 
motor  nerves,  but  do  so  when  they  are  applied  directly  to  muscle  ;  ammonia,  lime 
water,  carbolic  aciii.  2.  The  ends  of  the  sartorius  of  the  frog,  in  which  no  nerve 
lenninatiuns  are  observable  by  means  of  the  microscope,  contract  \vhen  they  are 
stimulated  directly  iKuhn<f),  3.  Curara  paralyzes  the  extremities  of  the  motor 
nerves,  while  the  muscles  themselves  remain  excitable  {CL  Bernard^  KoUiker). 
The  action  of  cohi^  or  arrest  of  the  blood  supply  in  an  animal,  abolishes  the  excita- 
bility of  the  nerves,  but  not  of  the  muscles  at  the  same  time.  4.  After  section  of 
its  nerve,  a  muscle  still  remains  excitable,  even  after  the  nerves  have  undergone 
fatty  degeneration  (BroivnSequant,  Bidder).  5.  Sometimes  electrical  stimuli  act 
only  upon  the  nerves  and  not  upon  the  muscle  itself  (.^riV^c).  [6.  The  ftetal 
heart  contracts  rhythmically  before  any  nervous  structures  are  discoverable  in  it.] 

[The  Action  of  Curara.— Curara,  woorali,  urari.  or  Indian  arrow  poison  of  South  America,  is 
the  inspissated  juice  of  the  .Strychnos  crevauxl.  A  watery  extract  of  the  drug,  when  injected  under 
the  ikin  or  into  the  blood  of  an  animal,  acts  chiefly  upon  the  motor  nerve  endings,  and  docs  not 
affect  the  muscular  contradiliiy.  An  active  substance,  cttrttrin,  has  bt^en  isolated  from  it  (p.  510). 
Poison  a  frog  by  injcctinc  a  few  milligrammes  into  the  dorsal  lymph  sac.  In  a  few  minutes  after 
the  poison  is  absorbed,  the  animal  ceases  to  support  itself  on  its  fore  limbs;  it  lies  flat  on  the  table, 
tiSr  limits  are  paralysed,  and  so  are  the  resptratury  movements  in  the  throat.  When  completely  under 
the  action  of  the  poison,  th?  frog  lies  in  any  position,  limp  and  motionless,  neither  exhibiting  vol- 
untary nor  reflex  movements  If  the  brain  be  destroyed  and  the  skin  removed,  on  faradifing  the 
sciatic  nerve  no  contraction  of  the  muscles  of  the  hind  limb  occurs;  Imt  if  the  electrical  stimulus 
be  ap|die<l  directly  to  the  mu«clcs,  they  contract,  thus  proving  that  curara  |>oisons  the  motor 
connections  and  not  the  muscles.  If  the  dose  be  not  too  large,  the  heart  still  contitiues  to  beat, 
and  the  vasomotor  nerves  remain  active.] 

[Methods. — Ci)  This  may  he  shown  also  by  applying  the  dnig  locally. 
Bernard  took  two  nervc-musrle  preparations,  put  some  solution  of  curara  into 
two  watch  glasses,  and  dipped  the  nerve  into  one  glass  and  the  muscle  into  the 
other.  The  curara  penetrated  into  both  preparations,  and  he  found,  on  stimu- 
lating the  nerve  which  had  been  steeped  in  curara,  that  its  muscle  still  contracted, 
so  that  the  curara  had  not  acted  on  the  motor  fibres;  while  stimulation  of  the 
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Fio.  289.  nerve  of  the  other  preparation  produced  no  coatndkm, 

although  the  corresponding  muscle  contracted.  In  thil 
case,  the  curar;i  had  penetrated  into  the  muscle  lad 
affected  the  intra-muscular  nerve  endings.] 

[(2)  But  it  Is  the  terminal  or  intra-muscular  portions 
of  the  nerves,  not  the  nerve  trunk,  which  are  parilKoi. 
Ligature  the  sciatic  artery,  or,  beilcr  still,  tic  all  ihcjart* 
of  the  hind  limb  of  a  frog  at  the  up[M*r  part  of  a  ilngk, 
except  the  sciatic  nerve  (Fig.  2S9 ).  Inject  curara  inio  the 
dorsal  lymph  sac.  The  poisoned  blood  will,  of  counc,  cir- 
culate in  every  part  of  the  body  except  the  ligatured  limb. 
[The  shaded  parts  are  traversed  by  the  [loison.]  ThcaDinul 
can  still,  at  a  certain  stage  of  the  poisoning,  pull  u(>  tlte 
non-poisoned  limb,  while  it  cannot  move  the  poisoned  one. 
Al  this  time,  although  poisoned  blood  has  circulated  in  the 
sacral  and  intra-abdominal  jiarts  of  the  nerves,  yet  theyarc 
not  paralyr.cd,  so  that  the  poison  does  not  act  on  this  put 
of  the  trunk  of  the  nerve.  But  we  can  show  that  it  doo 
not  act  on  any  part  of  the  extra-muscular  trunk  of  the 
nerve.  This  is  done  by  ligaturing  the  arteries  going  to 
the  gastrocnemius  muscle,  and  then  poisoning  the  aninut 
On  stimulating  the  nerve  on  the  ligatured  side,  the  gas- 
trocnemius of  that  side  contracts,  although  the  wbok 
length  of  the  nerve  trunk  has  been  supplied  by  poiiooed 
blood.  Therefore,  it  is  X\ic  in/ramuscuiar  Urmtnaium<i 
the  nerves  which  are  acted  on.] 
[By  means  of  the  following  arrangement,  we  may  prove  that  the  actual  ffrmm- 
/ions  or  r;/^/  plates  are  paralyzed.  Ligature  the  sciatic  artery  of  one  leg  of  a  froj, 
and  then  inject  curara  into  a  lymph  sac.  After  the  animal  is  fully  poisoned, disseci 
out  the  whole  length  of  the  sciatic  nerve  in  both  legs,  leaving  all  the  mosclc*  bclof 
the  knee  joint,  then  clean  and  divide  the  femur  at  its  middle.  Pin  a  straw  flag  to 
each  limb,  and  fix  both  femora  in  a  clamp,  or  muscle  forceps,  with  the  gaitroc- 
nemii  uppermost,  as  in  Fig.  290.  Place  the  two  nerves,  N,  on  Du  Bois-ReymomJ'J 
electrodes  (Fig.  291 ),  attached  to  two  wires  coming  from  a  commutator,  C  (Fig- 
290).  From  two  other  binding  screws  of  the  commutator,  two  wires  pass  and  iff 
made  to  pierce  the  gastrocnemii.  The  other  two  binding  screws  of  the  comtru- 
tator  arc  connected  with  the  secondary  coil  of  a  Du  Bois-Reymond's  indwtion 
machine  (S^  3J0).  The  bridge  of  the  commutator  can  be  turned  so  as  to  passihc 
current  either  through  both  muscles  or  both  nerves — the  latter  is  the  case  in  lb« 
diagram  {,H }.  When  both  nerves  are  stimulated,  only  the  non-poisoned  leg  (N  P) 
contracts.  Reverse  the  commutator,  and  pass  the  current  through  both  muiUi'. 
when  both  eontrait.'] 

[Rosenthal's  Modification. — Pull  the  secoiulory  coil  far  away  from  lb«  primary,  and  pMitk 
current  through  l>oth  muscleit.  Gradually  approxinute  the  secondary  to  the  primary  coiL 
doing  10  it  will  be  found  that  the  non  poi&mied  Ic^  contracts  first,  and  uo  continuing  to  pub  ^1 
secondary  coil  both  lirobs  contract.  Thus  the  poisontfd  limb  docs  n>j|  respond  to  io&eUcsf 
stimulus  OS  the  non  poisorvcd  one,  a  result  which  ii  not  due  to  the  action  of  tbe  Cnn 
CAccitablUly  of  the  muscle.  The  non-fwisoned  limb  respondi  to  a  feebler  stiniuiiii  l»ecmmeitoi 
nerve  terminations  arc  not  paralyzed,  while  the  iioisoned  leg  doe*  imm  do  so,  because  the  awW** 
minaiions  are  paralyzed.  A  feebler  influced  shock  sulTices  to  caa»e  a  muscle  to  contract  wbaf  ^^ 
applied  to  the  nerve  than  when  it  ts  applied  to  the  muscle  itself  directly.  Id  large  do«o,o>(** 
also  affects  the  spinal  cord.] 

The  whole  qucMion  of  "  specific  maacular  excitability  "  has  enteretl  upnn  a  nev  pV< 
owing  to  the  researches  of  Gerlach  on  the  terminations  of  motor  nerves  in  muKle.  Siace  ^  ^ 
been  shown  that  a  nerve  fibre,  after  penetrating  ihe  sarcolemma,  breaks  op  into  iitfcr-UfiOo 
thrca<]s.  which  come  into  direct  relation  with  the  sarcous  sul»fttance,  wc  can  scarcely  ajicsktf  • 
isolated  stimulation  of  n  muscle,  for  all  stimuli  which  are  applied  to  a  muscle  must  at  lb*  auM"* 
act  on  the  nerve,  for  the  muscle  is  the  proper  end  organ  of  a  motor  nerve. 
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iro>Muscular  Cells. — Even  in  the  lower  animals,  e^..  Hydra  [fCIeinenhfrf:],  and  Medusa 
imrr)  ihere  »re  uni-cellul.ir  siructurcs  called  "  ncuro  muiathtr  cfUs"  in  which  ihc  nervous  and 
Acntor  substsnces  are  represented  in  the  some  cell.  [The  outer  pan  of  these  cells  is  adapted  for 
action  of  ttimuli.  and  corresponds  (o  the  nervous  receptive  organ,  while  the  inner  deeper  part  i% 
uraailc,  and  is  ihc  rcprcsenutivc  of  iKt  muscular  part.] 

■uscular  Stimuli. — Various  stimuli  cause  a  muscle  to  contract,  either  by  act- 
f^iipon  its  motor  nerve  (indirect),  or  upon  the  muscular  substance  itself 
irect)  (§  324). 

I.  Under  ordinary  circumstances,  the  normal  stimulus  causing  a  muscle  to 
Dtract  is  the  nerve  impulse  which  passes  along  a  curve,  but  its  exact  nature  is 
known,  e.g.y  in  voluntary  movements,  automatic  motor  movements^  and  reflex 

t.  Chemical   Stimuli. — All  chemical  substances,  which  alter  the  chemical 
iUion  of  a  muscle  with  sufficient  rapidity,  act  as  muscular  siimuii,     Accord- 
Kiihne,  mineral  acids  (HCl  o.i)  per  cent.,  acetic  and  oxalic  acids,  the 

Fig.  390. 


Fin.  291. 


cni«  of  ihc  ctinira  experiment.  B,  bitltcT^ : 
I,  primary;  J  I,  MCOildary  hplnl ;  N. 
licrvc*;  r,  cTdmp ,  N  P,  ncn-fKiisoncd 
Im;  p. poisoned  )«£:  CcommuutoT;  K, 
B'  (Mfier  RuthfTj»rd). 


Dii  noU-Rpjinond*»  platinum  electrodes.  'Ihc  nerve  ia  placed 
over  the  iwo  piece*  of  platinum,  f,  which  rui  on  vulanit*; 
B,  universal  joint ;  V,  lupport. 


ts  of  iron,  zinc,  copper,  silver  and  lead,  bile  {Buiige),  all  act  in  weak  solutions 
muscular  stimuli ;  while  they  act  u]>on  the  motor  nerve  only  when  they  are  more 
ncentrated.  Lactic  acid  and  glyterin,  when  concentrated,  excite  only  (?)  the 
rvc ;  when  dilute,  only  the  muscle.  Nentnd  alkaline  salts  act  equally  upon 
rvc  and  muscle  ;  alcohol  and  ether  act  on  both  very  feebly.  When  water  is 
ected  into  the  blood  vessels,  it  causes  fibrillar  muscular  contractions  (-■.  li'iteich)^ 
lie  a  0.6  per  cent,  solution  of  NaCl  may  be  passed  through  a  inus^cle  for  days 
thout  causing  contraction  {Kolliker,  O.  Nassf).  Acids,  alkalies  and  extract  of 
ih  diminish  the  muscular  excitability,  while  the  muscular  stimuli,  in  small  dosta, 
:rease  ixiJiankf).  Gases  and  vapors  stimulate  muscle;  they  cause  cither  a 
iple  contraction  (c^'.,  HCI),  or  at  once  permanent  contraction  or  con- 
cture  (^.^. ,  CI).  Long  exposure  to  the  gas  causes  rigidity.  The  vapor  of 
^phide  of  carbon  stimulates  only  the  nerves,  while  most  vapors  i^e.g.,  HCl) 
rithout  exciting  Ihem  {Kuhnc  amfjam). 
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Method. — In  Riaking  expcrinenis  upon  the  cbemicftl  stimulntion  of  muscle,  it  is  UudtrWfrw 
dip  llie  lran^vci),c  «caiuD  of  the  muscle  into  (he  mlulicn  of  the  chemical  rct^cnl  {fitrhif\,  TW 
chemical  ^imulus  uu^hl  to  lie  applied  iu  solution  tu  a  limited  purtiuo  of  the  uninjured  MB&SKtf 
the  muscle ;  after  a  few  seconds,  we  obtain  a  coniniaion  or  fibrillar  twitcbings  of  the  HpofiCill 
muscular  laycni  {/hring). 

[Rhythmical  Contraction. — While  rhythmical  contractions  are  very  matlvcd  fn  tmoodiBudf 
(especially  if  it  is  stretched  or  subjected  to  coiuidemble  internal  pr«u»ure,  a^  in  the  hollow  vbttd), 
eg.,  the  intcitiiic,  ulcrun,  ureter,  blond  vc&scU,  and  a\Ao  in  the  ktrjpcd  but  itivuluuiary  c*sS\icn» 
culature  (g  58),  they  are  not,  as  a  rule,  very  coinniun  in  striped  voluntary  muscle.  OmraJ 
stimuli  are  pnnicularly  effective  in  producing  them.j  If  the  sartoriusof  a  oirari/ed  frog  be  dined 
intu  a  solution  composed  of  5  gTTn.<i.  NaCI^  3  ^ttws.  alkalmc  sodmni  pho&jihaie,  and  0.5  gnn.  toltt 
carbonate  in  i  litre  of  water,  at  10°  C ,  the  nmM:lc  contracts  rhythmically^  and  tnay<ki»for 
several  days  [especially  with  a  low  temperature]  i^BuJfr/ttimn).  I'his  recalls  the  rhytlitniCAlnn- 
traction  of  the  beait.  [Kilhne  found  a  similar  result.  The  rhythm  is  arrested  by  lactic  aodut 
restored  by  an  alknbnt  solution  uf  NaCI.J  Rhythmical  movements  may  also  be  induced  iatk 
sartorius  (frog),  by  the  combined  action  of  a  <lilate  solution  of  sodic  carlionate  and  tn  ifprghn 
constant  electrical  current      Compare  also  the  action  of  a  constant  current  on  the  hetn  (|  58}. 

3.  Thermal  Stimuli, — If  an  excised  frog's  muscle  be  rapidly  heated  lowinl 
28"'  C,  a  gradually  increasing  contraction  occurs,  which,  at  30°  C.,  is  more  pro- 
nounced, reaching  its  maximum  at  45°  C.  {Eckhard,  SchttmleuntscK).  If  the 
temperature  be  raised,  "  heat  stiffening"  rapidly  ensues.  The  smooth  rausda 
of  warm-blooded  animals  also  contract  when  they  are  wanned,  but  those  of  toW* 
blooded  animals  are  elongated  by  heat  {Grunhagen,  Safftkowy).  If  a  (iog*» 
muscle  be  cooled  to  o^,  it  is  very  excitable  to  mechanical  stimuli  {Grunhat^ttw 
it  is  even  excited  by  a  temi^rature  tinder  o°  (£ciAan/). 

CI.  IJ«mard  obMrved  that  the  muscles  of  animals,  artificially  cooled  ({  23$),  reni.nnt-i  ^>r'--  r 
many  hours  after  death.  Heat  causes  the  excitability  to  disappear  rapiuly,  but  in>.rv-^-o  i:  mi  ■■ 
rahly. 

4.  Mechanical  Stimuli. — Every  kind  of  sudden  mechanical  stimulus,  pro- 
vided tt  be  applied  with  sufficient  rapidity  to  a  muscle  (and  also  to  a  nerw/j 
causes  a  i^<ynfractiort.  If  stimuli  of  sufficient  intensity  be  repeated  with  sufficiefit 
rapidity,  Manus  is  produced.  Strou^t^  iin-ai  stimulation  causes  a  weal-like,  long- 
continued  contraction  at  the  part  stimulated  (§  297,  3,  a).  Moderate  tcnsioDof 
a  muscle  increases  its  excitability. 

5.  Electrical  Stimuli  will  be  referred  to  when  treating  of  the  stimuUtionof 
nerve  (§  324). 

Other  Actioni  of  Curara. — When  injected  into  the  blood  or  subcutaneously,  it  caoiri  si  fii* 
paralybii»  of  ibc  intramuscular  fnJs  of  the  motQr  nervei  (p.  507  K  while  the  muscles  themKiwi  »• 
main  exciiable;  the  sensory  nerves,  the  central  nervous  sy'vtcm,  vi>ccra,  hcan,  inlcstiiK,  W  tb 
blood  vcsKcU  are  nut  atTected  at  first  i  Ct.  Bfrnard,  Kotliter).  [If  the  !(km  l>e  stiniuUtc«l.  ihc  h( 
will  sltll  pull  up  the  li};atured  leg  rencxiy,  although  the  other  leg  will  remain  i]uiescent;  ibisdion 
that  the  sensory  nerve  and  nerve  centres  ore  still  iniaa  ;  but  when  the  action  of  the  diuju  hih 
developed,  no  ainuuni  uf  stimulation  of  the  skin  or  the  {xislcnar  root*  of  the  nerv»  will  give  IM 
10  a  reflex  act.  although  the  motor  nerve  of  the  ligatured  limb  is  known  to  be  excitable,  boKtii* 

Crobable  that  the  nerve  centres  in  the  cord  themselves  are  uliimalcly  affectctl.  If  the  dnK  tie  Wf 
irge,  the  heart  and  blood  vcsM:ts  may  t>e  affected.]  In  warm-t>looded  animals,  dcatb  ulA 
place  by  asphyxia,  owing  to  paralysis  of  the  diaphragm,  but  of  courbc  there  are  no  spuao-  I* 
frogs,  where  the  skin  \h  the  most  importnnt  res|>iraiory  organ,  if  a  &uiial>le  dose  I*  injeoed  M^ 
the  skin, the  animal  may  rcmam  mutinnlcu.  for  days  and  yet  recover,  the  poison  l>cing  cltmtdiUil^ 
the  urine  {^Kuhnt,  Huhier).  If  the  dose  be  larger,  the  inhibitory  t'lUcs  of  the  vagus  nay  be  can* 
lyzed.  In  electrical  fishes,  the  sensory  nerves  concerned  with  ihc  etecthcal  discharge  art  faiw|«^ 
\,Ahrcy\.  In  frogs,  the  lymph  henrt»  arc  paralyicd.  A  dose  iuffitient  to  kill  a  frog,  wbeo  VkfOtA 
under  its  skin,  will  do  so  if  administered  by  the  mouth,  because  the  ffoiton  scem«  to  be  elinnsm'* 
rapidly  by  the  kidneys  as  it  is  absori>ed  from  the  gastric  mocous  membrane.  For  the  same  itfl* 
the  flesh  of  an  animal  killed  by  curara  is  not  pui-sonou**  when  eaten.  If,  however,  the  iP**" 
Im;  tied,  the  poison  collects  in  the  blood,  and  poisoning  takes  place  (  /..  //erHtamm\,  [tntluiCM 
the  mammal  may  exhibit  con^-uLoion^i.  Why?  'Ilie  action  of  curara  is  to  |iaral)/r,  aod  it  f** 
lyres  the  re*piraiury  nerves,  so  thai  asphyxia  is  produced  from  the  vcnoMty  o(  the  I'i<-0'1  ''**2 
the  respiratory  nerve  endings  l>cforc  IhfrtC  in  the  muscles  generally,  so  that  when  the  teaoet  U*" 
stimulates  the  nerve  centres  the  partially  affected  muscles  respond  by  convuNioiu.  In  lht>  >*T< 
other  narcotics  may  excite  convulitions  indirectly  by  inducing  a  venotis  condition  of  the  biucrfi'T" 
the  motor  centres,  nerves,  and  miucica  are  still  unaB'ected.]     Large  doMa,  liowevet,  poMfl  **** 
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animil5  even  wtico  given  by  (he  mouth.  The  nerves  (/wMitr)  and  n\uf<lc^  ( la/fH/m)  of 
oisoncd  animals  exhibit  coiisidenible  elcam  motive  force.  [For  the  eftect  ol  curaia  on  lymph 
armatton  ^j|  t*n),  6).] 

Atropin  ai»pean  to  be  a  specific  poison  for  sroootb  muscular  tissue,  but  ditferent  muscles  are 
iflcrcntly  atjecud  [SM/ftlttUitttit  Luthiinger),  [  Uiit  it  ttouUlul.  A  lunall  ijuantily  uf  atropin 
lo  atfect  the  motor  nerves  of  smooth  muscle  in  ibe  same  way  that  curara  docit  thoMt  of  kitipcd 
atiscle  ;  we  must  rcmeml>cr.  however,  thai  there  ore  no  end  plates  proper  in  the  former,  so  that  the 
nk  between  the  ner\e  fihriU  and  the  contractile  snbjuncc  isprohablydiftercul  in  ilie  two  ca-^es.  It 
\  well  known  that  the  amount  of  stnped  and  smooth  muscle  varies  in  the  (irsuptiHtjiis  in  dilfercnl 
nimats.  S/pihnnnn  ami  l.uchsLn^cr  Hnd  that  after  the  action  of  atropin,  siimulaimn  of  the  periph- 
fal  end  of  the  vagus  will  still  CAu<ie  contraction  of  the  »tri|>e(l  muscular  tibrcs  in  the  {i^.i)ihagus, 
tut  not  of  the  smooth  tibrc5,  although  both  forms  of  muscular  tissue  respond  to  direct  stimulation.] 

Excitability  after  Section  of  the  Motor  Nerves. — Aflcr  section  of  the  motor  neive  of  a 
nuscle.  the  cxcitabihty  undergoes  remarkable  changes  ;  after  three  to  four  days  the  excitability  of 
he  paralyzed  muscle  is  diminished,  both  for  direct  and  indirect  (r  c,  through  the  ner\'c)  stimuli ; 
bis  condition  is  followed  by  a  stage,  during  which  a  constant  current  is  mure  active  than  nttrmal, 
irhile  induction  currents  bre  scarcely  or  not  at  all  effective  W  339. 1).  The  excitability  for  mechan- 
cal  sliniuti  is  al*^)  increased.  The  incrcB-->c(l  excilAbilily  occurs  uniil  ni>oul  the  seventh  week  ;  it 
gradually  diminishes  until  it  is  abolished  toward  the  sixth  to  the  seventh  muntli.  I*atty  degenera- 
jon  bc(*tris  in  the  second  week  after  scalou  of  the  motor  nerve,  and  goes  on  until  there  is  coraptete 
nauscular  atrophy.  Immediately  alter  section  of  the  sciatic  nerve,  ^>chmutcwitsch  found  that  the 
ncilabiJity  of  the  muscles  supplied  by  n  was  increased. 

297.  CHANGES  IN  A  MUSCLE  DURING  CONTRACTION.— 
I,  Macroscopic  Phenomena. —  i.  When  a  raiistle  contracts,  it  bccumes 
shorter  and  at  the  same  tune  thicker. 

The  deeree  of  contraction,  which  in  ver)-  excitable  frogs  may  be  65  to  85  per  cent.  (73  per 
ecnl.  mean)  uf  the  total  length  uf  the  muscle,  depends  upon  various  conditions :  ya)  Up  to  a  cer- 
tain (Mjint,  increasing  the  strength  of  the  stimulus  causes  a  greater  degree  of  coutradion ;  {h) 
a*  the  muscular  fatigue  tncrcabcs,  1.  c,  after  continued  vigorous  exrnion,  the  stimulus  remaining 
the  tame,  the  extent  oi  contiaciton  is  diminished  ;  (^c)  the  temperature  ul  the  ^uiruundings  has  a 
Certain  cfled.  The  extent  of  the  contraction  is  increasett  in  a  irog's  muscle — the  strength  of  stim- 
ulus and  degree  of  fatigue  remaining  the  same— when  it  is  heated  to  y^  C.  If  the  temperature  be 
increased  al>nve  this  point,  the  degree  of  cuolraction  is  dimiaished  {^iiihmutrtQituh). 

2.  The  volume  of  a  contracted  muscle  is  slightly  diminished  i^Swammetdam^ 
t  1680).  Hence,  the  specific  gravity  of  a  contracted  muscle  is  slightly  in- 
creased, the  ratio  to  the  non-coutracted  muscle  being  1062  :  1061  \^VaUHtm)\ 
the  diminution  in  volume  is,  however,  only  yjiVir. 

Methods. — (a)  1-Irman  placed  portions  of  the  iMxly  of  a  live  eel  in  a  glass  vessel  Filled  with  an 
indifferent  fluid.  A  narrow  tube  communicated  Mith  the  glass  vc^m:!,  nnU  the  fluid  rose  in  the  tube 
to  a  certain  level.  As  soon  us  Ihe  muscles  ul  the  eel  were  caused  10  contract,  the  fluid  in  the  index 
tnbe  sank.  (^)  Laudois  dcmonsiraics  the  decrease  in  voltime  by  means  of  a  manometric  flame. 
The  cylindrical  ve!>scl  containing  the  muscle  is  provided  with  two  electrodes  fixed  into  it  in  an  air* 
light  manner.  The  interior  of  the  vessel  communicates  with  the  gas  supply,  while  there  is  s  small 
narrow  exit  tube  fur  the  gas,  which  is  lighted.  Kvery  time  the  muscle  contracts  the  Aame  dimin- 
ishes.    The  same  cx|>enment  may  be  performed  with  a  contracting  heart. 

3.  Total  and  Partial  Contraction. — Normally,  all  stimuli  applied  to  a  muscle 
or  its  motor  nerve  cause  contraction  in  all  its  mu.scular  fibres.  Thtis,  the  muscle 
conducts  the  state  of  excitement  to  all  its  parts.  Under  certain  circumstances^ 
however,  this  is  not  the  case,  viz.;  (a)  when  the  muscle  is  greatly  fatigued,  or 
when  it  is  about  to  die,  a  vioUnt  mechanUal  stimulus,  as  a  vigorous  tap  with  the 
finger  or  a  percussion  hammer  (and  also  chemical  or  electrical  siiiuuli),  cause  a 
localised  contraction  of  the  muscular  hbres.  This  is  SchifT's  "  idio-muscular 
contraction."  The  same  phenomenon  is  exhibited  by  the  muscles  of  a  healthy 
man,  when  the  blunt  edge  of  an  instrument  is  drawn  transversely  over  the  direc- 
tion of  the  muscular  fvhrt^  {Muh/Ziauser,  Auerbach),  (/>)  I'nder  certain  as  yet  but 
imperfectly  unknown  conditions,  a  muscle  exhibits  so-called  tibrillar  contrac- 
tions, /".  ^.,  short  contractions  occur  alternately  in  diflerent  buntlles  of  muscular 
fibres.  This  is  the  case  in  the  muscles  of  the  tongue,  after  section  of  the  hypo- 
glossal nerve  i^Hcht^ ) ;  and  in  the  muscles  of  the  face,  after  station  of  the  facial 
nerve. 
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[In  some  phthisical  patients  Ihere  is  marked  munciitar  excUahilty,  so  that  if  the  peetonl  audi 
be  percussed,  a  local  cnniraciinn  — id io-rouftcular— occurs,  either  confined  lo  the  spot,  or  two  mm 
may  proceed  outward  and  return  to  the  spot  struck.] 

Cause  of  Fibrillar  Contraction. — According  to  Bleuler  and  Lehmann,  section  of  the  hy^ 
glossal  nerve  in  rabbits  is  followed  by  hbrillar  contractions  after  sixty  to  eighty  hour*;  thex  cot- 
tractions  may  continue  for  six  m  jnths.even  when  the  divided  nerve  ha»  healed  and  Is  stimulated  ^mt 
the  cicatrix  so  as  to  produce  movements  in  (he  corresponding  half  of  the  tongue.  Stimttlsltfli  of 
the  lingual  nerve  increases  the  fibrillar  contractions  or  arrests  them.  Thi^  nerve  o 
dilator  fitjrcs  derived  from  the  chorda  tympatti.  Schiff  is  of  opinion  that  the  incmued 
stream  through  the  organ  is  the  cause  of  the  contractions.  Sig.  Mayer  fnunil  that,  by  fit 
the  carntiils  and  i«ubclavian,  and  again  removing  the  pressure,  so  as  lo  permit  free  circalatKn,  t}i( 
muscles  of  the  face  contracted.  .Section  of  the  motor  nerves  of  the  face  did  not  abolish  ibe  ptw- 
nomcnon,  but  compression  of  the  arteries  did.  The  cause  of  the  phenomenon,  ihrrefotcttflWID 
lie  within  the  muscles  themselves.  This  phenomenon  may  be  compared  to  the  p^irii/ytk  uitttm 
of  saliva,  and  pancreatic  juice  which  follows  section  of  the  nerves  going  to  these  glands  iff.  tjt, 
384).  Similar  Fibrillar  contraaions  occur  in  man  under  pathological  conditions,  but  they  rut  tiK 
occur  without  any  signs  of  pathological  disturbance.  [Fibrillar  contractions,  due  to  a  central  cuk, 
occur  in  monkeys  after  exciiunn  of  the  thyroid  gland  (  V.  Iforslry,  \  103,  II h.]  [Soaie  drnp 
cause  tibrilLir  muscular  coniractintis.  e.  ^.,  aconitin,  guanidin,  nicotin,  pilocarpin,  bat  pliywMifBU 
produces  them  in  warm-blooded  animals  (not  in  frogN).  According  to  Brunton,  these  dniAptct^ 
ably  act  hy  irritating  the  motor  nerve  endings,  as  the  contractions  are  gradually  abdimd  bf 
curara.] 

Fig.  292. 
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The  nicroicopk  appcanncei  during  a  mtncuUr  eontrutlon  in  ih«  irvdlvidiul  dements  of  th«  fibriHa.    t,  >.  ]  (1*^' 

Emgtlmmtn) :  4, )  (after  Mtrkrf). 

II.  Microscopic  Phenomena. — i.  Single  muscular /^/-///i?  exhibit  the  same 
phenomena  as  an  entire  muscle,  in  that  they  contract  and  become  thicker.     »• 
There  is  great  difficulty  in  observing   the  changes  that  occur  in  the  individi**^ 
parts  of  a  muscular  fibre  during  the  act  of  contraction.     This  much  is  ccrlati*' 
that  the  muscular  elements  become  shorter  and  broader  during  contraction-  Thi»^ 
it  is  evident  that  the  transverse  stria;  must  appear  to  approach  nearer  to  each  otb'  ^ 
{Bowman,  1H40).     3.  There  is  great  difference  of  opinion  as  to  the  behavior  < 
the  doubly-refractive  (anisotropous)  and  the  singly-refractive  media. 


Hg.  292.  I,  on  the  left,  represents,  according  to  Engelmann,  a  passive  muscular  element—' 
e\xid\%  the  doublyrefr.ictive  contractile  sul>siance,  with  the  median  disk.  .1.  *,  in  it ;  h  and  /  ■ 
the  lateral  disks.  Besides  these,  in  each  of  tht;  singly  refractive  disk^  there  is  a  tUar  disk — "  »c 
undary  disk  "—f  and  t.  which  is  only  alighlly  rioubly  refractive.  This  occurs  only  in  the  musirl 
of  insects.  I''ig.  1,  on  the  rr^'A/,  shows  the  same  element  in  polarized  light.  whcrel.>y  the  raiildf 
area  of  the  clement,  as  far  as  the  contractile  substance  proper  extends,  if,  owing  lo  its  double  r 
tion,  bright;  while  ihc  other  part  of  the  muscular  element,  owing  to  its  Iwing  smgly  re" 
black.  Hg.  393,  3,  is  the  transition  stai^e.  and  3  the  proper  Mage  of  contraction  ol  the  m 
clement.  In  both  cases  the  hgures  on  the  left  are  viewed  in  ordinary  light,  and  on  the 
poloriicd  li^ht. 

Engelmann's  View. — According  to  Engetmanrt,  daring  contraction  (Fig.  292.  3).  the  tligl 
refractive  disk  becomes,  oa  a  whole,  more  refractive,  the  doubly  refractive  less  to.     Conseqai 
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t  n  certain  degree  of  conlraclion  (2),  when  viewed  in  ordinary  light,  may  a|>pear  homogc* 
id  but  fiUghtly  striped  transversely  :z^  the  homoi^fneoits  tind  transition  stage.  iJuring  a  greater 
(f  contraction  (3),  very  dark  transvcrw  stripes  reap|>ear,  correspandtng  to  the  singly- refrac- 
ts. At  every  stage  of  the  contraction,  as  well  as  in  the  transition  stage,  the  singly-  and 
vfractive  ditKS  are  nharply  dctined,  and  are  recogni/.e(i  liy  the  pnlamcofte  as  regular  alter- 
iyera(in  i,  2  and  3  on  the  right).  These  do  not  change  places  during  the  contraction.  The 
f  both  cli-Jcs  is  diminished  during  contraction,  bta  the  singly  refractive  do  so  more  rapidly  than 
Uy-refractive  disks.  The  total  valume  of  each  element  does  not  undergo  any  appreciable 
D  in  volume  during  the  oontractton.  Hence,  the  doubly-refractive  disks  increase  in  volume 
tpcnse  of  the  singly  refraciive.  I'rom  ihis  it  is  concluded  that,  tiuring  the  contraaion,  fluid 
10m  the  jbingly-refractive  into  the  doubly-refractive  disks;  the  former  <thri])k,  the  latter  swell, 
el's  view  is  partially  dilTerent.  In  Fig.  292,  4,  are  two  muscular  elements  at  rest;  in  (5), 
a  stale  of  contraaion,  after  Merkel.  The  gray  punctuated  areas  are  the  doubly-refractive 
c,  1',  the  median  disk.  According  to  Merkel,  during  contraction  the  dark  sub»tance  lying 
addle  of  the  element  changes  its  position — either  in  part  or  as  a  whole ;  it  leaves  the  middle 
lement  (the  two  surfaces  of  llensen's  median  disks,  4,  f),  and  places  itself  at  the  lateral 
.  at  e  and  d,  while  the  clear  substance  leaves  the  lateral  disks,  4,  <  and  d,  and  ap])lies  itself 
nirfflces  of  the  mcilian  disk,  5,  r.  The  clear  substance  of  the  isotropous  disks  is  fluid,  and 
Bore  passive  r6le ;  during  contraction,  it  is  in  part  absorbed  by  the  dark  substance  which 
tils  up.  This  mntual  exchange  of  place  of  the  substances  is  accomj>.inied  by  an  interme- 
}/nge  of  dissolution"  in  which  the  whole  contents  of  the  element  apj*car  er^ually  homoge- 
Von/gomfry);  in  which,  therefore,  the  Huid,  singly- refractive  substance  has  uniformly  pene- 
W  doubly-refractive  substance.  At  thts  moment  only  the  lateral  disks  are  still  visible. 
living  portion  of  an  insect's  muscle  be  examined  in  iis  own  juice,  contraction  waves  may  Iw 
pass  over  the  fibres.  When  a  contraction  wave  pas.'tes  over  part  of  the  bbres,  the  disks 
/4t>r//'r  and  broader;  at  the  same  time,  in  the  fully-contracted  )Ktrt,  the  dim  disk  ap|}ears 
ban  the  centre  of  the  light  disk.  There  is  said  to  lie  a  *'  reversal  of  the  stripes"  from 
tains  in  a  passive  muscle.  Before  this  stage  is  reached  there  is  an  intermediate  stage,  where 
bands  are  almost  uniform  in  appearance.] 

Ods. — These  phenomena  arc  best  obseri-ed  by  "  fixing  "  the  different  stages  of  rest  or  con- 
by  suddenly  plunging  the  muscular  tibrill.-e  of  insect's  muscles  into  alcohol  or  osmic  acid, 
>agulates  the  muscle  substance.  The  actual  contraction  may  be  observed  luider  the  mlcro- 
the  transparent  parts  of  the  lar%':e  of  insects. 

truro. — A  thin  tnusclc,  eg ,  the  sartorius  of  ihc  frog,  when  placed  directly  behind  a  narrow 
lug  at  right  angles  to  the  course  of  the  tibres,  yields  a  diffraction  apectnim,  When  the 
ontracts,  as  by  mechanical  stimulation,  the  spectrum  broadens — a  proof  that  the  interspaces 
ansverse  stripes  become  narrower  {^iinvifr). 

MUSCULAR    CONTRACTION.— Myography— Simple  Con- 
)n — Tetanus. — Methods. — Id  order  to  determine  the  duration  of  each 
if  a  muscular  contraction,  myo- 
B  of  various  forms  are  used.  Fig.  293. 

elnifaoltz's  Myograph. — Helmholtz 
ted  a  myograph  of  the  form  shown  in 
}.  A  muscle,  M — say  the  gastroc- 
of  a  fro^  attached  to  the  femur — is 
the  femur  in  a  clamp,  K,  the  lower 
1  of  the  muscle   being  attached  to  a 

lever  carrying  a  scale  pan  and 
Wt  the  weight  Iwing  varied  at 
,     When  the  muscle  contracts,  neces. 

must  raise  the   lever.     To  the   free  ^~^         *  ~i—>^^ — ■  -  -         ijf ' 

he  lever  i<t  attached  a  movable  style, 
tie  of  adjustment,  and  which,  when 

adjusted,  inscribes  ifi  movements 
rolving  cylinder  caused  to  rotate  at 
m  rate  by  means  of  clockwork  (Hg. 
he  cylinder  is  covered  with  enameled 
noked  in  the  flame  of  a  turpentine 
Vhen  the  muscle  contracts,  it  inscribes 
—the    '*  muscle  curve,"  or  "myo- 

The  abscissa  indicates  the  dura* 
be  contraction,  but  of  course  the  rate  at 
je  cylinder  is  moving  must  lie  known. 
linatea  represent  the  height  of  con. 
It  any  particular  part  of  the  curve. 

33 


^^ 


cSES? 


Scheme  of  v,  HcInhoUf '<  myoKraph 

clamu,  K.:  F.  wrilme  iiyle:  P,  wci^rfii  or  counierpolte 
for  ih«  lever;  '  '  "   " 

for  ihc  lewer. 


M,  muscle  fixed  in 
ling  iiyle;  1*.  wi 
W,  »cal«  pan  for  wetghu  :  S,  S.  tapport* 
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The  muscle  curve  may  be  iiucribed  upon  a  smoked  glu^i  ptate  ailachtd  to  one  Imiti  of  ■  fltntaK 
toning  fork  (Fig.  91).  Such  n  curve  registers  the  time  uiiit&  in  all  its  part!*.  Suppme  wi 
vihratinn  fif  the  tuning  fork  ^^  0.01613  wcond,  (hen  the  duration  of  any  pan  of  such  i  cvm  fe 
obtained  by  counting  the  number  of  vibrations  and  multiplying  by  0.O1613  second. 

(Pendulum  Myograph. — A.  Fick  invented  this  instrument.  In  its  improved  form  by  ».  litis- 
tz  (Fig.  294),  it  in  shown  hoih  from  the  front  and  (he  side.  A  board  fixtd  to  the  wall  omai 
heavy  iron  pendulum,  f,  whose  axis,  A,  A,  moves  on  fiictiun  rollers.  At  the  lower  swiflftsgw) 
arc  two  glass  plates,  G  and  G'.  fixed  to  a  bearer,  T.  The  plates  can  be  adjusted  b^-  mrmtnf  \he 
sciew,  s,  so  ttiat  several  curves  can  be  written  one  above  ihc  other.     The  pUte  C.  on  the  poterw 


Tzr 


t5f 


\£1 


Tick's  pendiiliin  nyofirapb,  as  Improved  by  v.  Hclmholir  (^^  nariiivt  tin),  ilde  snd  ftom  vtoir. 

surface,  is  merelva  compenMlor,  so  that  when  G  is  elevated  G'  is  lowered,  and  thus  the  dmil** 
of  the  oscillation  is  not  altered.  The  spring  catches,  H,  H,  which  can  be  turned  tnwaid  *'*''' 
wanl,  are  used  to  fix  the  pendulum  by  the  teeth.  <7,  <;,  when  it  is  drawn  10  one  ude.  The  t**™[ 
lum  is  drawn  to  one  side  and  fixed,  a,  in  H,  so  that  when  H  is  pulled  down,  it  is  liboitn  va 
swings  to  the  other  side,  where  il  is  caught  by  H  at  the  opposite  side.  In  the  improved  form,  »• 
catches,  H,  arc  made  to  slide  nlong  a  rod  like  the  arc  of  a  circle,  so  that  the  length  of  the  *"*6^ 
he  varied.  As  the  pendulum  swings  from  the  one  side  to  the  other,  (he  projcctiiig  iMiinIs,  d,  <«  k^o^ 
over  the  contact  key,  fi,  and  the  current  is  o[>ened  and  a  shock  iransivtiied  in  the  mttsclc-  TM 
writing  lever  to  which  the  muncie  is  attached  is  usually  a  heavy  one,  and  a  style  urritei  Bpt*  "* 
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smokctl  surface  of  the  glass.     Of  course,  when  the  pendulum  swings,  it  moves  wilh  unequal  velo- 

es  al  different  parts  of  its  course.] 

[When  using  the  pendulum  myograph  to  study  a  muscular  contraction,  arrange  il  as  iu  Fig.  295. 

c  frog's  muscle  is  atiached  to  a  writing  lever,  which  is  very  lilic  the  lever  in  Fig.  293,  while  the 
style  in*cribcs  its  movement«  on  Ihc  blackened  plate.  1 

[The  pendulum  is  fixed  in  the  catch,  C,  ai>  shown  in  the  5gure  ;  the  key,  K^  is  closed  and  placed 
in  the  primary  circuit,  while  two  wires  from  the  secondary  coil  of  an  induction  machine  are  attached 
to  the  muscle.  When  the  pendulum  swings,  the  projecting  tooth,  S,  knocks  over  the  contact  at  K', 
and  breaks  the  primary  circuit,  when  a  shock  is  instantly  transmitted  through  the  muscle.  Hefore 
stimulating,  allow  the  (pendulum  to  swing  to  ol>i;iin  an  abscissa.  The  time  is  recorded  by  a  vibrating 
tuning  fnrk,  of  knnwn  rate  of  vibration,  connected  with  a  Dcpr^'s  electric  chronograph.  Dcpri's 
-hronograpb  is  merely  a  small  electro- magnet  with  a  fine  writing  style  attached  to  the  magnei,  which 
viL>raics  when  it  is  introduced  in  an  electrical  circuit,  in  which  is  placed  a  vibrating  tuning  fork. 
The  ngnal  vibmtcs  just  as  nften  as  the  tuning  fork.] 

[Spring  Myograph. — This  is  used  by  Du  BoisReymond  chiefly  for  demonstrations  {Fig.  296), 
It  consists  of  a  gla^s  plate  6xed  in  a  frame,  and 


Fig.  395. 


moving  on  two  polished  steel  wires,  stretched 
between  the  supports  A  and  U.  At  /'ha.  spring, 
which, when  it  is  compressed  between  the  upright, 
B,  and  the  knot,  6,  drives  the  gloss  plate  from  B 
to  A.  As  the  plate  moves  from  one  side  to  the 
other,  a  small  tooth,  1/,  on  its  under  surface, 
opens  the  key,  A,  and  thus  a  shock  is  transmitted 
to  the  muscle.  The  arrangement  otherwise  is 
the  same  as  for  the  pendulum  myograph.  The 
smoked  gla&s  plate  is  liberated  by  the  projecting 
finger  plate  attached  to  the  upright,  A.] 

[Simple  Myograph  of  Marey. — The  gas- 
Irococmius  is  attached  to  a  horizontal  lever, 
which  inscribes  its  movements  on  a  revolving 
cyhnder.  This  form  of  myograph,  when  pro- 
vided with  two  levers,  is  very  useful  for  compar- 
ing the  action  of  a  poison  on  one  hmb,  the  other 
bring  unpotsoned.] 

[P8itger'B  statiooary  form,  which  is  simply 
a  Helmholt/'s  myograph  (Fig.  2c)3)  armnged  to 
record  its  movements  on  a  stationary  glass  plate, 
so  that  the  mu»clc  merely  makes  a  vertical  lint: 
or  ordinate  instead  of  a  curve ;  it  thus  merely 
indicates  the  height  or  extent  of  the  contraction, 
Dot  its  duration.] 

A  rapidly  rotating  disk  was  used  by  Valentin 
and  Rosenthal  for  registering  the  muscle  curve, 
while  Ilarlcss  used  a  plate  which  was  allowed  to 
foil  rapidly,  the  so  called  "Fall  myograph." 
In  all  these  experiments  it  is  necessary  to  indicate  at  the  same  time  the  moment  of  stimulatioti, 

Contraction  Curve  of  Human  Muscle. — In  man,  another  principle  is 
adopted,  viz.,  to  measure  the  increase  in  thickness  during  the  contraction,  either 
by  means  of  a  lever  or  a  compressible  tambour  {A/arfy),  such  as  is  used  in  Brond- 
geest's  pansphygmograph  (Fig.  72).  [The //u'l/tf/ttn^  of  the  adductor  muscles  of 
the  thumb  may  be  registered  by  means  of  Marey's  pincc  myographiquc] 

I.  Simple  Contraction. —  If  a  sinii^/f  shock  or  stimulus  af  momentary  duration 
be  applied  to  a  muscle,  a  *'  simple  muscular  contraction  "  [or  shortly,  a  con- 
traction^ a  twitch  {Bunion  Saruicrson)]\s,  the  result, /.  r.,  the  muscle  rapidly 
shortens  and  qui(  kly  returns  again  to  its  original  relaxed  condition. 

Myogram  or  Muscle  Curve. — Suppose  a  single  stimulus  be  applied  to  a 
muscle  attached  to  a  light  writing  lever,  which  is  not  "  overweighted"  with  any 
weight  attached  to  it,  then,  when  the  muscle  contracts,  the  following  events  take 


Schcfn«  of  the  amngemeni  of  the  pendulum  rayocraph. 
S,  batlcry :  l,(irim%ry,  ]l,iccnnd»ry  iptral  of  the 
Induction  machltw ;  S,  tooth  ;  K',  kev  :  C,  C, 
catelic»  :  K'  in  the  comer,  scheme  of  K'^K,  key  1q 
primary  circuit. 


lace 


[(1)  A  period  or  stage  of  latent  stimulaticn;  (Fig.  298). 

(2)  A  period  of  increasing  energy  nr  contraction. 

(3)  A  period  of  decreasing  energy  or  more  rapid  relaxation. 

(4)  A  period  of  slow  relaxation,  or  the  ela.stic  after-vibration.] 
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The  muscle  curve  proper  is  composed  of  2,  3,  and  4,  and  its  chanctcn  ut 
shown  in  Figs.  297,  298. 

I.  The  latent  period  (Fig.  297,  j,  ^)  consists  in  this,  that  the  muscle  docs 
not  begin  10  contract  precisely  at  the  moment  the  stimulus  is  applied  to  it,  but  the 
contraction  occurs  somewhat /tz/cr, /.  f. ,  a  short  but  measurable  intervil  cUpn 
between  the  application  of  a  momentary  stimulus  and  the  contraction  (r.  J/fim- 
haiis.').    If  the  entire  muscle  be  stimulated  by  a  momentary  stimulus,  e.g.,  aoogie 

Fii;.  296. 


opening  induction  shock,  the  duration  of  the  latent  period  is  about  0.01  second. 
In  smooth  muscle,  the  latent  period  may  last  for  several  seconds. 

[Although  no  change  be  visible  in  a  muscle  during  the  latent  period,  ncwrthc- 
less  we  have  proof  that  some  change  does  take  place  within  the  muscle  substance, 
for  we  know  that  the  electrical  current  of  the  muscle  is  diminished  during  this 

Fio.  297. 


MtKcIc  ciirvB  protlucnl  by  the  application  of  a  ainglc  induction  «hnrlc  m  »   mincle      m-/  RtitciuA,  *^.«iiliiM*i 
ii  h,  period  «r  Litem  MimuUlion:  ^  d,  period  of  IscivBatng  cneitr  :  ^  '•  period  ol  dccnulni  tmrgj,'/* 

cUfltic  itAer-vibtditii^v 

period,  or  we  have  what  is  known  as  the  negative  variation  of  the  mnttlc  c't* 
rent  {Bemstfin—^  333),] 

In  man  the  latent  period  varies  between  0.004  ""^^  o.oi  second.  If  llietrxperimeni  l)CKUf™'tt  ■ 
(hat  the  muscle  can  contract  as  soon  as  the  stimulus  is  applied  to  it.  i.  /.,  before  time  it  lou  n  b*^' 
tng  the  muscle  tense;  or,  to  put  it  othetwisc,  if  the  niu»cle  has  not  "to  take  in  slack.'*  tt  It  W»' 
the  latent  period  may  foil  to  0.004  second  {(JaJ).  If  the  muscle  he  mil  nuachnt  10  the  Iwli-f**^ 
tcaed  as  much  OS  possible  from  external  influences  and  properly  supplied  with  blood,  ibe  b<f*l 
period  may  be  reduced  to  0.003. 
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todifying  Influence. — The  latent  period  U  shorteaed  by  an  increased  strength  of  the  stimulus 
tu\<i  tiy  heal;  while  fjitgue,  cooling  and  increasing  weight  lengthen  it  {Lauterhach,  Mitidehohn, 
Yeo^Oish).  The  latent  period  of  an  opening  contraction  may  )k:  even  as  much  as  0.04  »ccund 
lortfcer  than  that  of  a  closing  contraction.  The  red  muscles  have  a  longer  latent  (>criod  than  the 
vhite  fp.  523).  Ikfore  ihe  muscle  contracif  as  a  whole,  ihe  individual  tihres  within  it  must  have 
contracted.  \Vc  must,  ihcrefore,  conclude  that  the  latency  of  the  individual  muiCuUr  elements 
u  shorter  tliau  that  of  the  entire  nm&cle  {Gad,  Ti^ersiedt'). 

2.  The  Contraction  or  Stage  of  Increasing  Energy,  />.,  from  the 
moment  the  muscle  begins  to  shorten  until  it  reaches  its  greatest  degree  of  con- 
traction {tii).  At  first  the  muscle  contracls  slowly,  then  more  rapidly,  and 
again  more  slowly,,  so  that  the  ascending  limb  of  the  curve  has  somewhat  the 
form  of  an/  This  stage  lasts  0.03  to  0.4  second.  It  is  shorter  when  the  con- 
traction is  shorter  (weak  stimulus)  and  the  less  the  weight  the  muscle  has  to  lift. 
It  also  varies  with  the  excitability  of  the  muscle,  being  shorter  in  a  fresh,  non- 
fatigued  muscle. 

3.  Elongation  or  Stage  of  Decreasing  Energy. — After  the  muscle  has 
contracted  up  to  its  maximum  for  any  particular  stimulus,  it  begins  to  relax — at 
first  slowly,  then  rapidly — and  lastly  more  slowly,  so  that  an  inverse  of  an/  is 
obtained  (*/<■).  This  stage  is  usually  of  shorter  duration  than  2.  The  duration 
varies  with  the  strength  of  the  stimulus,  being  shorterihan  2  with  a  weak  stimulus, 
and  longer  with  a  strong  stimulus.  It  also  depends  upon  the  extent  to  which  the 
muscle  is  loaded  during  contraction. 

4.  The  fourth  stage  has  received  various  names — stage  of  elastic  after- 


Fig.  298. 


I  etc  curve  of  a  frog's  puiruciic  11)1  LIS  ^((wLtieo  t'j  u  heavy  lever  traclag  on  a  penduluni  iTi><i):rj|>h.  I'lme  tmclng 
Df  <rhr4inocrap)i  iio  iu>iili|c  vihratinn>  per  >cc.  Slimiiliis  applies)  al  a  ;  tt  b  ^\)  latent  |>cnod,  ^r  (>)  ihortcntng, 
tiiiy)  elonipitiiin,  {c)  height  of  coairaciion:  /(4)  »low  niaxnt ion  (after  Ruiher/ard). 

vibration  [residual  contraction  or  contraction  remainder  (Hermann). 
The  after-vibrations  ((?/).  which  disappear  gradually,  depend  upon  the  elasticity 
of  the  muscle.  The  duration  of  this  stage  is  longest  with  a  powerful  contraction, 
and  when  the  weight  attached  to  the  muscle  is  small.] 

[In  studying  a  Muscle  Curve,  the  more  or  less  vertical  character  of  the 
ascent  will  indicate  the  rapidity  of  the  contraction,  the  height  above  the  base 
line,  the  extent  and  power  of  contraction,  the  length  of  the  curve  the  duration, 
and  the  line  of  descent  the  rate  of  its  extensibility.] 

If  the  stimulus  be  ap[)Ued  to  the  motor  nerve  mstead  of  to  the  muscle  itself, 
the  contraction  is  greater  {Pftilgcr),  and  lasts  longer  (^Witttdt)  the  nearer  to  the 
spinal  cord  the  stimulus  is  applied  to  the  nerve. 

[Pendulum  Myograph  Curve. — The  form  of  the  muscle  curve  will  vary 
with  the  kind  of  myograph  used  ;  if  it  be  stationary,  then  the  muscle  will  merely 
record  a  vertical  line  ;  if  the  recording  surface  move  cjuickly,  tho  two  parts  of 
the  curve  will  form  an  acute  angle;  and  if  it  move  with  great  ra]>idity,  they  will 
have  the  form  of  Fig.  298,  which  is  that  obtained  with  a  pendulum  myograph.  A 
vibrating  tuning  fork  records  time  directly  under  the  tracing,  whereby  the  dura- 
tion of  each  part  of  the  curve  is  readily  determined.  The  parts  marked  i,  2,  3 
and  4  correspond  to  those  so  numbered  on  p.  515.] 

>[In  measuring  the  myogram,  all  that  is  required  iftto  know  the  moment  at  which  the  stimulus 
ipplicil,  and  lo  note  when  the  curve  begins  to  leave  the  hasc  line  or  abscissa.     Raise  a  vertical 
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tine  fmm  each  of  these  points,  and  the  tnierval  between  tfaese  lines,  as  measured  by  the  chttmtntn^. 
indicates  the  time  (Fig.  39S).] 

[Method — Faradic  Shocks. — The  time  relations  of  a  niusciilar  rontnc- 
tion  may  l»f  studied  by  means  of  the  following  arrangement  :   Attach  a  frog*! 

gastrocnemius  to  a  lever,  as  in  Fig.  299,  icd 
Flo.  399.  through  the  frog's  muscle  plare  two  wtreifroai 

the  secondary  coil  of  an  induction  machine 
A  scale  pan,  into  which  weights  may  he  plactd, 
may  be  attached  to  the  lever,  especially  if  it  it 
one  of  the  light  levers  used  by  Marey.  On  the 
same  support  adjust  an  electro-magnet  niihi 
writing  style  in  the  primary  circuit,  and  inlhii 
circuit  also  place  a  key  (K)  to  make  and  hwk 
the  current.  Fix  also  a  Depri's  chronograph 
to  the  same  support,  and  make  it  vibrate  t)v 
connecting  it  in  circuit  with  a  tuning  fork  of 
known  rate  of  vibration,  and  driven  by  a  gal- 
vanic battery.  See  that  the  points  of  ill  three 
levers  write  exactly  over  each  other  on  tbc 
revolving  cylinder.  The  upper  lever  rcgislm 
the  contraction,  the  electro-magnet  theiDomeot 
the  stimulus  is  applied  lo  the  muscle,  and  the 
electrical  chronograph  the  time.] 
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Anvngeineni  for  sslimatins  the  time  reUlinns 
ilurinK  contmctioii  of  a  muscle  produced 
by  a  KiTMUc  ^hick.  b,  iMior^' :  K 
in  primary  cinuil  :  I,  pnmar)',  II,kecilQi 
ary  spiral ;  /,  ruutcle  lever ;  e,  Hticiry- 
tna){nct  in  primary  circuit;  t.  electric  «tg< 
itjI;  .V/,  »uiiport ;  R  l^,  revolvinjt  cylinder 
<afier  Rmtherjitrd\. 


Overweighted   Muscles. — The    fore^olnt   Rinib 

apply  to  curves  obtained  by  a  H^ht  lever  conoecicd  «* 
the  muscle.  If  the  muscle  lever  \>k  "  mtrwdfktfil' ^ 
overloBded,  />.,  if  the  lever  be  loaded,  so  thai  *hfli  ifce 
muscle  contracts  H  has  to  lift  these  weights,  the  course  of  the  curve  \%  varied  acconimt,  ■<■  fH< 
weight  to  be  lifted,  ft  U  necessary,  however,  10  support  the  lever  in  the  intervals  when  tbe  miicie 
is  at  rest.  As  the  weights  are  increased,  ihe  occurrence  of  the  conlradion  is  delayed.  Thi*  adiC 
to  the  fact  that  the  muscle,  at  the  moment  of  stimalaiion,  must  accumulate  as  much  ener]^  m  ^ 
ncces&ary  lo  lift  the  weight.  The  greater  the  weight  the  longer  is  Ihe  time  ttefore  it  u  riuri 
lastly,  the  muurle  may  be  so  "  loaded,"  or  "  overloaded,"  that  it  cannot  contract  at  all :  this  a  tk 
limit  of  the  muscular  ur  mechanioU  energy  of  the  muscle  (r.  Jieimkoln). 

Fatigue. — If  a  muscle  be  caused  to  contract  so  fre<^uently  that  it  tiecomes 
"fati^ed,'*  the  latent  period  is  longer,  the  curve  is  not  so  high,  because  the  mu> 
cular  contraction  is  less,  and  the  abscissa  is  longer,  /.  f.,  the  contraction  is  shfwtr 
and  lasts  longer  (Figs.  300,  I,  312).  Cooling  a  muscle  has  the  same  effect  (^ 
Hfimhaitz  and  others).  Soltmann  finds  that  the  fresh  muscles  of  n^w-horn  animals 
behave  in  a  similar  manner.  The  myogram  has  a  flat  ajx'x  and  considerable  ekw 
gation  in  the  descending  limb  of  the  curve. 

Constant  Current. — If  the  nuytor  /i^rrr  of  a  muscle  be  stimulated  by  a  closing 
or  opening  shock  of  a  constant  current,  the  resulting  muscular  contraction  cor* 
responds  exactly  to  that  already  described.  If,  however,  the  current  be  closed  01 
opened,  with  the  muscle  itself  directly  in  the  circuit,  during  the  closing  shock, 
there  is  a  certain  degree  of  contraction  which  lasts  for  a  time,  so  that  the  carve 
assumes  the  form  of  Fig.  301,  where  S  represtrnts  the  moment  of  closing  ot 
making  the  current,  and  6  the  moment  of  opening  or  breaking  it  (  Jfi/ *//— <"" 
pare  §  336,  U). 

The  invest Igai ions  of  Cash  and  Kronecker  show  that  Individual  muscles  have  a  ^ledal  fan"  '*' 
muscle  curve;  the  omoh\-oid  of  tbe  tortoise  contracts  more  rapidly  than  tbe  pectoralis.  Sduttf 
differences  occur  in  the  muscles  of  frogs  and  mammals.  Tlic  flexorn  of  the  frog  coolfWI  •"J 
rapidly  than  the  extensors  (  Griittner).  Sometimes  within  one  and  ihe  same  muscle  there  sre  "'W^ 
{rich  in  glycogen  |  and  "  pale  "  fibre*  (J  292).  The  red  fibres  contract  more  slowly,  are  lee  e*"""* 
and  leas  easily  fatigued  (  GrUtmrr).  The  muscles  of  flying  in»ccls  contract  very  rafiidly.  cten  «« 
Han  100  times  i>er  second. 
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Poisooii Very  imall  doses  of  curara  or  quinine   {Sehlsihepotiew)   increase  the  height  of  the 

contraction  (excited  by  stimuUtiun  of  the  motor  nerve),  while  larger  doses  dimiaish  ii,  and  finally 
abolish  il  altogether.  Guanidin  has  a  similar  action  in  large  doMs,  but  the  maximum  of  contrac- 
tifm  \2sts  for  a  longer  time.  Suitable  doses  of  veratrin  also  increase  the  contractiuns,  but  the  stage 
of  relaxalion  is  greatly  lengthened  {R^sbach  and  Chitermeyer),  Veratrin,  nntiarin  and  dlgitalin, 
in  /d^f  doses,  act  u|x>n  the  sorcous  substance  in  such  a  way  that  the  contractions  become  very  pro- 
longed, not  unlike  a  condition  of  |iroIoni;ed  tetanus  {NarUis,  jS6j).  The  lotem  period  of  muMile^ 
poisoned  with  veratrin  and  strychnin  is  shoneued  at  first,  anil  (ifierwan)  lengthened.  The  gastroc- 
netnias  of  a  frog  supplied  by  blood  containing  si>da  contracts  more  rapidly  [Grftlzner).  Kunkel  is 
of  offinion  that  muscular  poisons  act  by  conirull  ing  the  imbibition  of  water  by  the  sarcons  substance. 
As  muBCulor  contraction  depends  on  imbibition  ^  297.  II),  the  form  of  the  cunlractiun  of  the  poi- 
soned muscle  will  depend  upon  the  altered  condition  of  imbibition  j^roduced  by  the  drug, 

Fic.  300. 


\]\N\\  A^^v^VSy\A. 


lof  «/>i/(fiw>/rrii){'-->  iiiitM^le  MriLiiig  lU  uontraction  on  n  \jbrAtiti(;  pLitc  .iltachcJ  to  a  tuoint;  fork.    Karh 
^O.ni6i  {  »cwonit  ,  d  A  —  latent  pvrl'Ht .  A  r,  ^ta^c  of  incrca«ing  energy  ;  t'l/,  f^  dci:rca<.iii^  eiierKy.    It, 
npiJ  wntiii|[  miivemcnti  of  ihe  rigtit  hand  In&critKd  on  a  vibnatlng  pUlc.    Ill,  The  mmi  lapiu  Lrcm- 
bKog  tvunic  tnovemetiis  of  iKe  rishi  (orowm  inacrtb«d  on  th«  umt  pl^u. 

[Veratrin. — If  a  frog  be  poisoned  with  venilrin,  and  then  be  made  to  spring,  it  does  so  rapidly, 
but  when  it  alights  again  the  hind  legs  are  extende<l,  and  they  are  only  drawn  up  after  a  time. 
Tbus,  rapid  and  powerful  contraction,  with  slaw  and  prolonged  relaxation,  arc  the  character  of  the 
movements.  In  a  muscle  poisoned  with  veratrin  the  ascent  is  quick  enough,  but  it  remains  con- 
tracted for  a  long  time,  so  that  this  condition  hu  been  called  '*  contracture."  A  single  stimulation 
may  cause  a  contraction  la-vting  tivc  to  liftccu  seconds,  according  to  circumstances.  Hmnton  and 
Cash  tind  that  cold  has  a  marked  cfTect  on  the  action  of  veratrin ;  in  fact,  its  effect  may  be  perma- 
nenily  destroyed  by  exposure  to  extremes  of  heat  or  cold.     The  muscle  curve  of  a  brainless  frog 

Fic.  joi. 


Effect  on  a  mnsclc  of  elo&ifig  anil  opening  a  CDiutam  current.    Srclofttng^  O,  opening  &hoGk  {Wmmdt), 


>led  anificially,  and  then  poisone*!  by  veratrin,  occasionally  gives  no  indications  of  the  action  ol 
poison  umd  its  temperature  is  raised,  and  this  is  not  due  to  nonabsoqilton  of  the  )>otson.   Cold, 
:reforc,  alttilishcb  or  lessens  the   contracture  peculiar  to  the  veratrin  curve.     Similar  results  are 
>laineil  with  fnlt^  of  barium,  and  to  a  less  degree  by  those  of  strutitium  and  calcium  {Brnnton 

Smooth  Muscles. — The  muscle  curve  of  smooth  or  non-striped  muscles  is 
similar  to  that  of  the  striped  muscles,  but  the  duration  of  the  contraction  is  visibly 
mtich  longer,  and  there  are  other  points  of  difference.  Some  muscles  stand  mid- 
way between  these  two — at  least,  so  far  as  the  duration  of  their  contractions  are 
concerned  - 
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The  **  red  "  miucles  of  rabbits,  Uie  muscles  of  the  torttHse,  the  adductors  of  the  common  tnmA, 
and  the  heart,  all  react  in  a  similar  manner.  The  muscles  of  ftyjag  insets  contract  CKtme^ 
rapidly,  more  than  loo  limes  per  «econd  {//.  Landois). 

Contraction  Remainder. — A  contracted  muscle  assumes  its  original  length 
only  when  it  is  extended  by  sufficient  traction,  f.^., by  means  of  a  H'eight(/'4^«i. 
Othcrft'ise,  the  muscle  may  remain  partially  shortened  for  a  long  time  (r.  Htlm- 
hoiiz^  Sihiff).  This  condition  has  been  called  "contracture"  {Tiexel),^, 
better,  contraction  remainder  {H^rmami).  This  condition  is  most  markni  in 
muscles  that  have  been  previously  subjected  to  strong,  direct  stimulation,  and  are 
greatly  fatigued  {Tiegf/),  which  are  distinctly  acid,  and  ready  to  pass  into  rigot 
mortis,  or  in  muscles  excised  from  animals  poisoned  with  veratrin  ^r.  Bnotd\. 

Rapidity  of  Muscular  Contraction, — In  man,  single  muscular  movcinma 
can  be  executed  with  great  rapidity.  The  time  relalions  of  such  movements  arc 
most  readily  ascertained  by  inscribing  the  movements  upon  a  smoked  gla^  plan 
attached  to  a  tuning  fork.  Fig.  300,  11,  represents  the  most  rapid  vebmtar} 
movements  that  Landois  could  execute,  as,  t.g.^  in  writing  letters,  ff,  n,  and  erm 
contraction  is  equal  to  about  3.5  vibrations  (x  vibration  =^  0.01613  second)^ 
0.0564  second.  In  III,  the  right  arm  was  tetanized,  in  which  case  2  to  3.5  ribn- 
tions  occur  ^0.0323  to  0.0403  second. 

Patholo^cal. — In  secondary  degeneration  of  the  spinal  cord  after  apoplexy,  atrophic  tnuvulv 
anchylosis  of  the  limbs  (^i/f'»^vr),  muscular  atrophy,  progressi%-e  ataxia,  and  |jaraly»L>  af^itatit  of  lo^ 
standing,  the  latent  periud  is /rn^M^w^t/.-  white  it  i»  fior/^n^-t/ in  the  contracture  of  senile  chr^n 
and  spastic  tabes  {Mendelsohn).  The  whole  curve  is  len(;thencd  in  jaundice  and  diabetes  Kh'im 
ger).  In  cerebal  hemiplegia,  during  the  stage  uf  contracture,  the  muscle  curve  resembles  ibc  un< 
of  n  muscle  poisoned  with  verairin,  and  the  same  is  the  case  in  spastic  spinal  paralysb  and  ibit»- 
trophic  Intcral  sclerosis-,  in  p$eudo.hy[>crtrophy  of  ttie  muscles  the  ascent  is  short  and  the  ddCnt 
very  elongated.  In  muscular  atrophy,  after  cerebral  hemiplegia,  and  in  tabes,  the  latent  pehnJb- 
cre.ises,  while  the  height  of  the  curve  diminishes.  In  chorea  the  curve  is  short.  (For  the  Rne- 
tion  0/ Degeneration^  see  \  339.)  In  rare  cases  in  man  it  has  been  observed  ihal  the  ciecutionof 
spontaneous  movement  rcaults  in  a  very  prolonged  conlraaion  (Thomson's  disease).  Inn^ 
cases  the  muscular  fibres  arc  ver>'  broad,  and  the  nuclei  increased  {Erh), 

II.  Action  of  Two  Successive  Stimuli. — I^t  two  momentary  stimuli  be 
applied  successively  10  a  muscle  :  (A)  \{  each  stimulus  or  shock  be  of  itself  soft- 
cient  to  cause  a  maximal  contraction,  /.  r,  the  greatest  possible  cootractioQ 
which  the  muscle  can  accomplish,  then  the  effect  will  vary  according  tothcA«r 
which  elapses  between  the  application  of  the  two  stimuli,  (t/)  If  the  second  stioi' 
ulus  is  applied  to  the  muscle  after  the  relaxation  of  the  muscle  following  upon  the 
first  stimulus,  we  obtain  merely  two  maximal  contractions,  {h^)  If,  however,  the 
second  stimulus  l>e  applied  to  the  muscle  t/tfrZ/jt^'' the  time  that  the  effect  of  the  lint 
is  present,  /.  f.,  while  the  muscle  is  in  the  phast:  of  contraction  or  of  relaxatioti; 
in  this  case  the  second  stimulus  causes  a  new  maximal  contraction,  according  to 
the  lime  of  the  particular  phase  of  the  contraction,  (r)  When,  lastly,  the  second 
stimulus  follows  the  first  so  rapidly  that  both  occur  during  the  latent  i)eriod,  "^ 
obtain  only  one  maximal  contraction  (r.  Me/mho/tz).  It  is  to  be  specially  noted 
that  a  single  maximal  stimulus  never  excites  the  same  degree  of  shortci^ing  » 
tetanic  stimulation  (III),  but  only  about  )-i  of  the  height  of  the  contratiioo  m 
tetanus. 

(B)  If  the  stimuli  be  not  maximal,  but  only  such  as  cause  a  medium  or  sub- 
maximal  contraction,  the  effects  of  both  stimuli  are  superposed,  or  there  is  » 
summation  of  the  contractions  (Fig.  303).  It  is  of  no  consequence  at  wla* 
particular  phase  of  the  primary  contraction  the  second  shock  is  applied.  In  »'' 
ca>es,  the  second  stimulus  causes  a  contraction,  just  as  if  the  phase  of  contraction 
caused  by  the  first  shock  was  the  natural  passive  fonn  of  the  muscle,  /'.  ^.,  it'C  0^ 
contraction  (^,  c)  starts  from  that  \to\x\\.  as  from  an  abscissa  (Fig.  30a,  I,  ^).  'Ht"*' 
under  favontble  conditions  the  contraction  may  be  twice  as  great  as  that  caused  K* 
the  first  stimulus.  The  most  favorable  time  for  the  application  of  the  secOP« 
stimulus  is  ^  second  after  the  application  of  the  first  {Srufa//}.     The  effect*  of 


TETANUS   OF   MUSCLE. 

th  stimuli  are  obtained  even  when  the  second  stimulus  is  applied  during  the 
atent  period  (;•.  Ifeimhoitz). 

III.  Tetanus — Summation  of  Stimuli. — If  stimuli,  each  capable  of  causing 
I  contraction  following  each  other  with  medium  rapidity,  be  applied  to  a  muscle,  the 
nuscle  has  not  sufficient  time  to  elongate  or  relax  in  the  intervals  of  stimulation. 
Therefore,  according  to  the  rapidity  of  the  successive  stimuli,  it  remains  in  a  con- 
lition  of  continued  vibratory  contraction,  or  in  a  state  of  tetanus.  Tetanus  is, 
lowever,  not  u  continuous  uniform  condition  of  contraction,  but  it  is  a  discontinu- 
>us  condition  or  form  of  the  muscle,  depending  upon  the  summation  or  accu- 
nulation  of  contractions.  If  the  stimuli  are  applied  with  moderate  rapidity,  the 
ndividual  contractions  appear  in  the  curve  (Fig.  302,  II) ;  if  they  occur  rapidly, 
lod  thus  become  superposed  and  fused,  the  curve  appears  continuous  and  unbroken 
>y  cIe\*ations  and  depressions  (Fig.  302,  III).  As  a  fatigued  muscle  contracts 
Jowly,  it  is  evident  that  such  a  muscle  will  become  tetanic  by  a  smaller  number  of 
itimuli  per  second  than  will  suffice  for  a  fresh  muscle  {Marey,  Fick,  Mitwt.)  All 
Tiuscular  movements  of  hng  duration  occurring  in  our  bodies  are  probably  tetanic 
n  their  nature  {Ed.  Weter). 

[Summation  of  Stimuli. — If  a  stimulus,  insufficient  in  iLself  to  cause  con- 
raction  of  a  muscle,  be  repeatedly  applied   to  a  muscle  in  proper  tempo  and  of 


Fig.  302. 


ire  iiib-m:ixiRiAl  contntctioDi :  II,  lucccMive  conti^ctionK  produced  by  stimulating  a  muscle  with  la 
likducUon  fthocki  per  second  .  til,  curve  produced  with  very  rapid  iaduction  fhockft  (complete  teiaous). 

itfficient  strength,  at  Rrst  a  slight  and  then  a  stronger  or  maximal  contraction  may 
te  produced-     This  process  of  summation  occurs  also  in  nervous  tissue  (§  360).] 

A  continued  voluntary  contraction  in  man  consists  of  a  series  of  single  con- 
raclions  rapidly  following  each  other.  Every  such  movement,  on  being  carefully 
;nalyzed,  consists  of  intermittent  vibrations,  which  reach  their  maximum  when  a 
erson  shivers  {Ed.  Weber).  [Baxt  found  that  the  simplest  possible  voluntary 
onlraction,  c.  jf.,  striking  with  the  index  finger,  occupies  on  an  average  nearly 
vice  as  long  time  as  a  similar  movement  discharged  by  a  single  induction  shock.] 

The  reqortiic  degree  of  shorlening  is  ohtnined  by  the  stimmntion  of  single  stimuli  spptied  to  the 
owl)'  conimcting  muscle  until  the  desired  degree  of  shortening  is  ohtnined.  In  cslimating  exactly 
M  amount  of  movement  we  generally  op{K>se  wtnc  rcMSlancc  by  cuntractiiig  aiitflgunistic  muscles, 
k  ts  *hi)wn  by  olwervatioiv<  on  Sparc  individual-*  [BtUfkf). 

The  tetanic  contractions,  which  occur  normally  in  an  intact  body,  are  proved  to  consist  of  a 
rrio  of  successive  contmctions.becauK  they  can  give  rise  to  sfamdarv  tettinus  ($  JtjtS).  which  may 
,«a  be  caused  by  muscles  ihrnurn  into  tetanus  by  strychnin  poisoning  |  Ltn-ht).  The  muscle  sound 
uinot  l*e  regarded  as  a  certain  proof  of  the  oscillntory  movement  in  tetanus  [as  Hctmhollr.  has 
huwn  thAt  this  sound  cuinci<les  with  the  resonance  sound  of  the  ear  (/A-nVc  '"></  FriedrifK). 

If  a  muscle  be  connected  with  n  telephone,  whose  wires  nre  brought  into  connection  with  two 
«e<Uct,  one  placed  in  the  tendon,  and  the  other  in  the  substnnce  of  the  muKcIe,  we  hear  a  sound 
rhen  the  muscle  i&  thrown  into  tetanus,  which  proves  that  periodic  vibratory  processes,  /.  t .  succes- 
ive  concractiuns,  occur  in  the  muscle  {BemsUin  ami  .SchUnieiu).    The  sour\d  is  most  distinct  when 


muscles  of  lhc/r(»^'  (liyonIi>*»u»  only  lo,  gx-ilrncnemius  27) ;  rcry  feeble  stimitli  (more  thMn  > 
wconti)  cause  le^anus  (A'ronfeifr);  the  muscles  of  llie  tartohe  become  ietanic  uiih   iwti  to 
shocks  per  second  ;  the  ttii  muscles  of  the  fahhit  by  10,  the  pale  by  aver  so  ^,Kri>He<krr  mwt4 . 
/iujf);  muscles  uf  bittb  not  even  with  70  {Afarey);  muidei  of  inaects  330  to  340  per  woaaJ 
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( Afttrry,  LanJpis).  Tetanic  stimulation  of  the  muscles  of  the  crayfish  { Astacus)  and  also  in  hydro|^' 
ilus,  may  cause  rhythmical  contractions  (A'/c^**/),  or  rhythmically  interrupted  tetanus  |.V(-^'W<ri'«). 

[The  red  and  pale  muscles  of  a  rabliit,  as  already  -ihown,  difTer  structurally,  and  also  in  re- 
gard to  their  Wood  supply  (p.  496).  They  also  differ  pbysiologfically.  When  both  muscles  arc 
caused  to  contract,  by  stimulating  the  sciatic  ner^'c  with  a  single  induction  shock,  the  curves  obtained 
arc  shown  in  Fig.  303;  the  lower  one  from  the  pale,  and  the  upper  from  the  red  muscle.  The 
latent  )>erio(J  is  longer,  while  the  duration  uf  a  simple  cuntraction  of  a  red  muscle  is  three  times 
longer  than  that  of  a  pale  muscle.  Fovir  stimuli  per  second  cause  an  incomplete  tetanus,  and  10 
per  second  a  nearly  complete  ictanua  in  the  rc<l  muscles  r»f  a  rabbit,  while  the  pale  muscles  rc'iuirc 
20  to  30  stimuli  per  second  to  l>e  completely  letanizcd.  Fij^.  304  shows  the  results  produced  by  in- 
ductinn  shocks  applied  to  Ixrfh  muscles  at  intervals  of  //  second.] 

The  extent  of  sliortening  in  a  tetanically  contracted  muscle,  within  certain  limits,  is  dependent 
u^ion  the  strength  of  the  individual  stimuli — but  nut  upon  their  fre<|uency.  The  contraction  re- 
mainder after  tetanus  is  greater  the  stronger  the  stimuli,  the  longer  they  are  applied,  and  the  feebler 
the  muscle  used  ( AMr).  Sometimes  a  stimulus  applied  to  a  muscle  immediately  after  tetanus  pro- 
duces a  greater  effect  than  it  did  before  the  tetanus  {A'ossdiicA,  Bohr). 

Duration  of  Tetanus. — A  tctanued  muscle  cannot  remain  contracted  to  the  same  extent  for  an 
indefinite  period,  even  if  the  stimuli  arc  kept  constant.  It  gradually  liegins  to  elongate,  at  first  some- 
what rapidly,  and  then  more  slowly,  owing  to  the  occurrence  of  fatigue.  If  the  tetanic  stimulation 
is  arrested,  the  muscle  does  not  regain  its  original  position  and  shape  at  once,  but  a  contraction  re- 
mainder exists  for  a  certain  time,  this  being  more  evident  after  stimulation  with  induction  shocks. 

C).  Kallmann  found  that  the  /diV  muscles  of  new-bom  rabbits  were  rendered  tetanic  with  16 
stimuli  per  second,  so  that  tetanus  was  produced  in  them  with  the  same  number  of  shocks  as  in 
fatigued  adult  musses.  This  may  serve  partly  to  explain  the  facility  with  which  spasms  occur  in 
new-bom  animals. 

Cunirized  muscles  sometimes  pass  into  tetanus  on  the  application  of  a  momentary  stimulus 
{KQhn^,  Hiring). 

Wf^'  If  very  rapid  (224  to  360  per  second)  indHction  shocks  be  applied  to  a 
^^cle,  the  tetanus,  after  a  so-called  "  initial  contraction  "  {Bernstein),  may 
Cease  {ffar/iss,  Heidenhaui).  This  occurs  most  readily  when  the  nen-es  are  cooled 
(  r.  Kries).  Kronecker  and  Stirling,  however,  found  that  stimuli  following 
each  other  at  greater  rapidity  than  34,000  per  second  produced  tetanus. 

{^Tone  Inductorium  of  Kronecker  and  StorUng.— This  apparatus  (Fig.  305),  consists  of  a  rod 
of  iron,  1/,  fixed  in  an  iron  upright  at  n.  The  primary,  r*,  and  secondary  spiral,  s",  rest  on  wooden 
supports,  which  can  be  pushed  over  Imth  ciidi  of  the  rod.  One  end  of  the  rod  lies  between  leather 
rollers.y  and  .^'.  which  can  be  made  to  rub  on  the  rod  by  moving  the  toothed  wheel-),  h.  In  this 
way  a  lone  is  produced  by  the  longitudinal  vibrations  of  the  rod,  the  number  of  vibrations  being 
proportional  to  the  length  of  the  t^,  so  that  by  means  of  this  instrument  we  can  produce  from 
1000  to  24,000  alternating  induction  shocks  per  second.] 

299.  RAPIDITY  OF  TRANSMISSION  OF  A  CONTRACTION. 

— 1.  If  a  long  muscle  be  stimtilated  at  one  end,  a  contraction  occurs  at  that 
point,  and  is  rapidly  propagated  in  a  wave-like  manner  through  the  whole  length 
of  the  muscle,  until  it  reaches  the  other  end.  The  condition  of  excitement  or 
molecular  disturbance  is  communicated  to  each  successive  part  of  the  mtiscU-,  in 
virtue  of  a  special  conductive  capacity  of  the  muscle.  The  mean  velocity  of 
the  contraction  wave  is  3  to  4  metres  per  second  in  the  frog  {Bemsirin^  3-8^^9 
metres);  rabbit,  4  to  5  mtrlres  {BcmsUin  and  Steiner)'y  lobster,  1  metre  {Frt- 
diriiq  ami  van  de  Vrldti) ;  in  smooth  muscle  and  in  the  heart,  only  to  to  15 
millimetres  fjcr  second  {En^ehnanny  Marchiatui — pages  97,  98).  These  results 
have  reference  only  to  excised  muscles,  the  velocity  of  transmission  being  much 
greater  in  the  voluntary  muscles  ^)i  a  living  man,  viz.,  10  to  13  metres  {Her- 
mann. %  334,  II). 

Methods. — .\eby  placed  writing  levers  upon  both  ends  of  a  muscle,  (he  levers  resting  trans- 
▼enely  to  the  direction  of  the  muscular  fibres.  Tlie  muscle  was  stimulated,  and  both  levers  regis 
tered  their  movements,  the  one  <hrectly  over  the  other,  on  a  revolving  cylinder.  On  stimulating  one 
end  of  the  muscle,  the  lever  nearest  to  this  point  is  raised  by  the  contraction  wave,  and  a  little 
later  the  other  lever.  When  we  know  the  rate  at  which  the  cylinder  is  moving,  and  the  distance 
between  (he  two  elevations,  it  Is  easy  to  calculate  the  rapidity  of  transmission  of  the  contraction  wave. 

Duration  and  Wave  Length. —  The  time,  corresponding  to  the  length  of 
the  abscissa  of  the  muscle  curve  inscribed  by  each  writing  lever,  is  equal  to  the 
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(furoHon  of  the  contnution  of  thU  part  of  the  muscle  ("according  to  Bernstfin, 
0.053  to  0.098  second).  If  this  value  be  multiplied  by  the  rapidity  of  iranjiniir 
sion  of  the  muscular  contraction  wave,  we  obtain  the  wave  iengtk  of  the  ^afUr4eth* 
7vave  (=  206  to  380  millimetres). 

Modifying  Influences. — Cold  (I'ig.  306),  fatigue,  approaching  death,  ind 
many  poisons  [Veratrin,  KCv]  diminishes  the  velocity  and  the  height  of  the  con- 
traction wave,  while  the  strength  of  the  stimulus  and  the  extent  to  which  the 
muscle  is  loaded  are  without  any  effect  upon  the  velocity  of  the  wave  (yf^^i. 
In  excised  muscles,  the  size  of  the  wave  diminishes  as  it  passes  along  the  moscle 
{Bem5tein)j  but  this  is  not  the  case  in  the  muscles  of  living  men  and  aninub. 
The  contraction  wave  never  passes  from  one  muscular  fibre  to  a  neighboring  fibre. 

[Fig.  306  shows  the  effect  of  cold  on  the  mascles  of  a  rabtiit,  in  dekying  the  contraction  wtn. 
There  is  a  longer  distance  between  1  and  2  in  the  lower  than  in  the  up|jer  curves.] 

2.  If  a  long  muscle  be  stimulated  locally  near  its  middle^  a  contraction  wi»t 
is  propagated  toward  both  ends  of  the  muscle.  If  several  points  be  stimulatwi 
simultaneously,  a  wave  movement  sets  out  from  each,  the  waves  passing  over  each 
other  in  their  course  {Sihif). 

3.  If  a  stimulus  be  applied  to  the  motor  nerve  of  a  muscle,  an  impulse  ii 
communicated  to  every  muscular  fibre ;  a  contraction  wave  begins  at  the  end  or^ 

KiG.  306. 


UrocT  two  curvcb,  a  and  i,  obuinedf  roin  a  ntbbit'«  miucle  by  ihc  ^bav-e  arranfexicni ;  tbc  l0M«r  l«PA  i 
frptn  the  MiDc  muscle,  when  it  wba  cimlcd  by  ice. 

[motorial  end  plate],  and  must  be  propagated  in  both  directions  along  the  rott&- 
cular  fibres,  whose  length  is  only  3  to  4  centimetres.  As  the  length  of  the  motor 
fibres  from  the  nerve  trunk  to  where  they  terminate  in  the  motorial  end  plates  ii 
unequal,  contraction  of  all  the  muscular  fibres  cannot  take  place  absolutely  at  the 
same  moment,  as  the  nerve  impulse  takes  a  certain  time  to  travel  along  a  ntrre. 
Nevertheless,  the  difference  is  so  small  that,  when  a  muscle  is  caused  to  contract 
by  stimulation  of  its  motor  nerve,  practically  the  whole  muscle  appears  to  contract 
simultaneously  and  at  once. 

4.  A  complete^  uniform,  momentary  eentraction  of  all  the  fibres  of  a  muscle  on 
only  take  place  when  all  the  fibres  are  excited  at  the  same  moment.  This  occun 
when  the  electrodes  are  placed  at  both  ends  of  the  muscle,  and  an  clectricil 
stimulus  of  momentary  duration  passes  through  the  whole  length  of  the  muscle. 

300.  MUSCULAR  WORK. — Muscles  are  most  perfect  machines,  not  only 
because  they  make  the  most  thorough  use  of  the  substances  on  which  their  activity 
depends  (§  217),  but  they  are  distinguished  from  all  machines  of  human  muto- 
facturc  by  the  fact  that  by  frequent  exercise  they  become  stronger,  and  are  thereby 
capable  of  accomplishing  more  work  (/?//  Bois-Reymofi4). 

The  amount  of  work  (W)  which  a  muscle  can  perform  (see  introduciioo)  is 
equal  to  the  product  of  the  weight  lifted  (/)  and  the  height  to  which  it  is  UAcd 
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1.^.,  W  ■=-ph.  Hence,  it  follows  that  when  a  muscle  is  not  loaded  (where 
p=  o),  then  w  must  be  =  o,  />.,  no  work  is  perfomied.  It,  again,  it  be 
overloaded  with  too  great  a  load,  so  that  it  is  unable  to  contract  {h  =^  o),  here 
also  the  work  is  nil.  Between  these  two  extremes  an  active  muscle  is  capable  of 
doing  a  certain  amount  of  **  work." 

I.  Work  with  Maximal  Stimulation. — When  the  strongest  possible,  or 
maximal  stimulus  is  applied,  i.e.y  when  the  strength  of  the  stimulus  is  such  as 
to  cause  a  muscle  to  contract  to  the  greatest  possible  extent  of  which  it  is  capable, 
the  amount  of  work  done  increases  more  and  more  as  the  weight  is  increased, 
but  only  up  to  a  certain  maximum.  If  the  weight  be  gradually  increased,  so  that 
it  is  lifted  to  a  less  height,  the  amount  of  work  diminishes  more  and  more,  and 
gradually  falls  to  be  ^  o,  when  the  weight  is  not  lifted  at  all. 

Example  of  the  work  done  by  a  frog's  muscle  {Ed,  Wthtr) : — 


Weight  Lifted  ia  Grammes. 


s 

>5 
as 


Height  in  MUUmetres. 


Work  done  jn  Gramme-MllUmetres, 


[Suppose  a  muM:Ie  be  loaded  with  a  certain  number  of  grammes,  and  then  caused  to  coniract, 
we  get  A  certain  height  nf  contraction.  Fig.  307  shows  the  result  of  an  cxperimeui  of  ihi»  kind. 
The  vertical  lines  represent  ihc  height  to  which  ihe  weights  (in  grammes)  noted  under  ihem  were 
raised,  so  ihat,  as  a  rule,  as  the  weight  increases  the  height  to  which  ;t  is  raised  decreases.] 

Laws  of  Muscular  Work, — 1.  A  muscle  can 
lift  a  greater  load,  the  larger  its  transverse  section,  *'*^*  307- 

/.<r.,  the  more  fibres  it  contains  arranged  parallel  to 

fjch  other  {EduarJ  Wtber^  1846). 
3.  The  longer  the  muscle,  the  higher  it  can  lift 
weight. 

3.  When  a  muscle  begins  to  contract,  it  can  lift 
the  largest  load  ;  as  the  contraction  proceeds  it  can 
only  lift  less  and  less  loads,  and  when  it  is  at  its  »°*      ^^       | 
maximum  of  shortening  only  relatively  very  light  ««> 
loads  {  Tfi.  Sc/ncaff/i,  iSjj).  a^a 

4.  By  the  term  "  absolute  muscular  force/'  gmmme*. 
is  meant,  according  to  Ed.  Weber,  just  the  weight  ""«''*  "» **'''!!>S?  "*  ****  ""'*''**  '* 
which  a  muscle  undergoing  maximal  stimulation 

is  no  longer  able  to  lift   (the  muscle  being  in   its  normal  resting  phase),  and 
without  the  muscle  at  the  moment  of  stitmilation  being  elongated  by  the  weight. 

Comparative. — Comparing  the  absolute  mnscular  force  of  different  muscles,  even  in  differenl 
animaU.  it  is  usual  to  calculate  it  with  reference  to  that  nf  a  sjuare  centimetre.  The  mean 
transx-erxe  section  of  a  muscle  is  obtained  Iiy  dividing  its  volume  by  tia  length.  The  volume  is 
equal  to  the  absolute  weight  of  the  muscles  divided  by  its  specihc  gravity  =:  1058.  The  absolute 
rauscularfoTce  for  i  Q  ceniimerre  of  a  frog's  muscle  -  a  8  10  j  kilos.  [6.6  lbs.]  {J,  A'oseftrAa/)  ; 
for  I  rj  centimetre  of  human  muscle  7  to  8  {//en/.-^  nn,/  A'no/^),  vt  even  9  to  10  i<iIo«.  f  ao  to  23 
Itis.]  (Kors/er,  JfaughiKm).  Insects  can  perform  au  txtraordinary  amount  of  work — an  iiiscct  can 
drag  along  sixty-seven  times  its  txidy  weight ;  a  horse  scarcely  three  times  its  awn  weight. 

5.  During  tetanus,  when  a  weight  is  kept  suspended,  no  work  is  done  as  long 
as  the  weight  is  suspended,  but  of  course  work  is  done  in  the  act  of  lifting  the 
load.  To  produce  tetanus,  successive  stimuli  are  re<]uired,  the  muscular  meta* 
bolism  is  increased,  and  fatigue  rapidly  occurs.  The  potential  energy  in  this  case 
is  converted   into  heat  (§  302).      When   a  inus<:Ie  is  stimulated  with  a  maximai 

tfmu^uSf  it  cannot  lift  so  great  a  weight  with  ortf  contraction  as  when  it  is  stimu- 
ted     telanically  {Nermann).      I'he   energy  evolved,  even   dtiring   tetanus,   is 
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greater  the  more  frequent  the  stimulation,  at   least  up  to  too  siimali  per  second 

II.  Medium  Stimuli. — If  a  muscle  be  caused  to  contract  by  stimuli  of 
moderate  strength,  i.e.,  such  as  do  not  cause  a  maximal  contraction,  there  arc  t»o 
possibilities:  Either  the  feeble  stimulus  is  kept  constant  while  the  load  ts  varied, 
in  which  case  the  amount  of  work  done  follows  the  same  law  as  obtains  for  m«i- 
mal  stimulation  ;  or,  the  load  maybe  kept  the  same,  while  the  strength  of  the 
stimulus  is  varied.  In  the  latter  case,  Kick  observed  that  the  height  to  which  the 
load  was  lifted  increased  in  a  direct  ratio  with  the  strength  of  the  stimulus. 

The  stimulus  which  causes  a  muscle  to  contract  must  reach  a  certain  Urrngth  or  intenntjr  bHIn 
it  becnmck  clTective,  i.  e.,  the  "  liminal  intensity  "  uf  the  Mimulus,  bui  thi<>  is  indepcndetil  tH  ilie 
weight  .ipplieil  to  the  mtucle.  \Vith  minimfti  stimuli  a  ^mal)  weight  ti  rmiscd  hif>her  tkioabip 
one,  hut  as  the  Mimulus  i&  increased,  the  coninictions  also  increase  in  a  U^cr  ratio  h  ith  aa  'laawai 

load  (I'.  A'Hfi). 

The  blood  stream  within  the  muscles  of  an  intact  body  is  increased  during 

muscular  activity.  The  blood  vessels  of  the  muscle  dilate,  ^o  that  the  amount  of 
blood  flowing  through  them  is  intreased  (Luiiwig  ami  Sezelkfnv).  At  the  liraclhit 
the  motor  fibres  are  excited,  so  also  are  the  vaso-dilator  fibres,  which  lie  in  ihc 
same  nervous  channels  (§  294.  II).  [Gaskcll  found  that  faradization  of  the  nene 
of  the  mylo-hyoid  muscle  of  the  frog  not  only  caused  tetanus  of  the  muscle*  but 
also  dilatation  of  its  blood  vessel.] 

Testing  Individual  Muscles. — In  estimating  the  absolute  force  of  the  imdrpidmrnf  wiwultt  <* 
groups  of  muscles  in  man,  we  must  always  pay  particular  aUentlon  to  the  physical  relations,  it^v> 

the  arran(;emenl  of  ihe  Icvcn,  direcUcm  of  tk* 
Fic  Tfl^~  traction,  degree  of  shortenini:,  etc   ( j  yA\.    Dy- 

naniometer. — The  abMjIute  force  of  censin  j»y 
of  muscles  is  very  conveniently  and  podJOSf 
ascertained  by  means  of  a  dynamometcf  (Fl^JOl) 
This  instrumenl  is  very  useful  for  testing lhtdlt^ 
cnce  between  the  power  of  the  (woarwihiCBB 
of  paralysis.  The  |>aiient  t^raspsihe  inilrtmiti* 
his  hand  and  an  index  registers  the  force  ncRel. 
Quclelet  has  estimated  the  force  of  certaia  nMClA 
— the  pressure  of  Irath  hands  of  a  man  to  be=:^ 
kilos.;  while  by  pulling  he  can  move  doable  Ihii 
wci);ht.  The  force  of  the  female  haud  b  la^ 
third  less.  A  man  Can  carr>'  more  than  Awble 
his  own  weight ;  a  woman  about  the  half.  Uo)*s  can  carry  about  oneihinl  more  than  girU.  [Vot 
convenient  dynamometers  are  made  by  Sailer,  of  Hirmingham,  both  for  testing  the  strcn^  ol  poll 
and  squeeze  ;  in  testing  the  former,  the  instrument  is  held  as  an  archer  holds  his  bow  wlien  lo  tlic 
act  of  drawing  it,  and  the  strength  of  pull  is  given  by  an  index  :  in  the  latter,  another  fom  ol  tW 
inslrument  is  used.  I^rge  numbers  of  observations  were  made  by  means  uf  these  iuttttmoili  W 
Francis  Gallon,  at  the  Health  Exhibition.  1S85.I 

Amount  of  Work  Daily.^In  estimating  the  work  done  Xvy  a  man,  we  have  to  coiuidcr.W' 
only  the  amount  i.f  work  done  nl  any  one  moment,  but  how  often,  time  after  time,  he  can  aoeflt"* 
in  doing  work.  The  mean  value  of  the  daily  work  of  a  man  working  eight  hours  a  day  i*  1^ 
(10.5  lo  II  at  most)  kilogramme  metres  per  second,  /.  «r.,  a  daily  amotmt  of  woik  =  aSJ/"* 
(joo/xu)  kilogramme  metrea. 

Modifying  Conditions. — Many  saljstances  after  being  introduced  into  the  WiAy  dimmish*  ■'^ 
ultimately  paralyze  tlie  production  of  work — mercury,  di^^it^liii.hclleborin,  potash  salts,  etc.  O**** 
increase  the  ma^cular  activity — veratrin  (iCessi^th),  glycogen  [caffein,  and  allied  alkakiids],  ** 
carin  i  A'lug  umi  Fr.  f/^a),  krealin  smi  h>-poxanthin;  extract  of  meal  rapidly  restores  the  mO^'^ 
after  fatigue  (A'<«*<^/).  [Those  drugs  which  excite  muscular  tissue  restore  it  after  fatigue.  ^^ 
kreatin  is  a  waste  product  of  muscle,  and  lieef  tea  and  Liebig's  extract  of  meat,  perhaps,  owe 
re^onuive  qualities  partly  to  these  extractives.] 

301.  THE  ELASTICITY  OF  MUSCLE.— Physical.— Every  clastic  body  has  it*  "i 
shape,"  t.  «•.,  its  shape  when  no  external  force  (tension  or  pressure)  acts  upon  it  so  a*  to  A'w^n^^  *' 
Thus  llie  passive  muscle  has  a  "  natural  form."     If,  however,  a  muscle  he  esiended  m  if 
of  its  filn-es,  Ihe  parti  of  the  muscle  are  evidently  pulled  asunder.     If  the  strvicbing  be  en 
to  a  certain  degree,  the  muscle,  in  virtue  of  its  elasticity,  will  regain  its  natural  ftwm.     Sucii  .^  « 
is  said  lo  possess  "complete  elasticity,"  >.  ^.,  after  Iwing  stretched  it  regains  exactly  iu  or*^***^ 
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Wrm  "amount  of  elasticity"  imoJu/us]  Is  meant  the  weiglii  (expressed  in  kilo- 
necessary  to  extend  an  elastic  body  i  P,  millimetre  in  diameter,  its  own  length,  without 
[creaking.  Of  course,  many  liodics  are  ruptured  hefDre  this  occurs.  For  a  {lashive  muscle 
2734  (IVumft)  [that  of  bone  =^  2264  [li'ftfhfim\,  tendon  =  1.6693,  nerve  ^  1.0905, 
il  walls  -^  0.0726  ( lf««///|].  Thus  the  amount  of  elasticity  of  a  passive  muscle  is  small. 
tea  only  a  slight  slreichiiiy  force  to  extend  it  to  its  own  length.  It  liis,  therefore,  no  great 
'elasticity.  The  term  "coefiRcient  of  elasticity"  is  applied  lothe  fraction  of  the  length 
Mic  body,  to  which  it  is  elongated  by  the  ur.it  of  weight  applied  10  stretch  it.  h  is  large 
ive  muscle.  If  the  tension  be  sufiicienily  great,  the  elastic  fwdy  ruptures  at  last.  The 
r  capacity*^  of  muscular  ti«uc,  until  it  ruptures,  is  in  the  following  ratios  for  youth,  middle, 
ige,  nearly  7:3:2.  [InstcatI  of  the  word  "elasticity,"  lininton  suggests  the  tise  of 
llity  and  retractibiltty,  lerm*  suggested  by  Marey.  the  one  rcferaNe  to  the  elongation  on 
otiou  of  a  weight,  and  the  other  to  the  shortening  after  its  removal.] 

e  of  Elasticity. — In  inorganic  elastic  bodies,  the  line  ol' elongation,  or 
nshn^  is  directly  proportional  to  th<-  extending  iveight ;  in  organic  bodies, 
'cfore  in  muscle,  this  is  not  ihc  case,  as  the  weight  is  continually  increased 
I  increments — the  muscle  is  less  extended  than  at  the  beginning,  so  that 
nsion  is  not  proportioHal  to  the  weight.  If  equal  weights  be  added  to  a 
n  attached  to  a  piece  of  India-rubber,  with  a  writing  lever  connected  with 
mting  its  movements  on  a  plate  of  gla.ss  that  can  be  moved  with  the  hand, 
nich  a  curve  as  in  Fig.  309,  while,  if  the  same  be  done  with  the  sartorius 
g,  we  get  a  result  similar  to  Fig.  310.     A  straight  line  joins  the  apices 
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LTurreofcLuticily  Irom  an  inorfiAnic  body  ( I  ndia-nibber),     FlG.  310. — Curve  of  cbnticit)'  Insm  the  lartonuv 

r'lncd  t>y  Adding  equal  increments  of  weight  at  A,  It.  C,ctc.     Fio.  jii. — Cuive  of  elMticity  prodaccd 
axtcajtion  ana  recoil  of  j  frofi'ft  muiclc  ,  c  x,  ati4Cts.<a  before,  x',  after  extension. 

ormer,  while  the  curve  of  elasticity  is  a  hyperbola,  or  something  near  it, 
itter  case. 

tic  After-effect. — At  the  same  time,  after  the  first  elongation,  corres- 
;  to  the  extending  weight,  is  reached,  the  muscle  may  remain  for  days,  and 
eks,  somewhat  elongated.  This  is  called  the  *' elastic  after-effect''  (§  65). 
attached  a  lever  to  a  frog's  muscle,  and  allowed  to  latter  to  record  its 
:nls  on  a  slowly  revolving  cylinder.  To  the  lever  was  fixed  a  vessel  into 
lercury  slowly  jluwed.  This  extended  the  muscle,  and  when  it  had  ceased 
:atc,  the  mercury  was  allowed  slowly  to  run  out  again.  The  curve  ob- 
it shown  in  Fig.  311.  The  abscissa:,  ox  and  x^,  indicate  the  poeition  of 
ing  style  before  and  after  the  experiment,  and  we  observe  that  y  is  lower 
:,  so  that  the  recoil  is  imperfect.  There  has  been  an  actual  elongation  of 
cle,  so  that  the  limit  of  its  elasticity  is  exceeded.  .Mthough  a  frog's  gas- 
Jus  may  be  loaded  with  1500  grammes  without  rupturing  it,  100  grammes 
^-ent  it  regaining  its  original  length.] 

d. — In  order  to  lest  ihc  elasticity  of  a  muscle,  fix  it  to  a  support  provided  with  a  gradu- 
,  and  to  the  lower  end  of  the  muscle  attach  a  scale  pan,  into  which  are  placed  various 
neaauring  on  each  occasion  the  currcsponding  elongation  of  the  muscle  thereby  obtained 
^r).  In  order  to  obtain  the  curve  of  elongation  or  extensibility,  take  as  ah«cissx  the 
!  unit!  of  weight  added  and  the  elongation  corresponding  to  each  weight  ac  ordinates. 
from  the  hyogtossus  of  the  frog : — 
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The  elasticity  of  passive  muscle  is  small,  but  very  compUU,  and  is  con- 
parable  to  that  of  a  caoutchouc  fibre.  Small  weights  greatly  elongate  the  rouwrlc. 
If  the  weights  l>e  uniformly  increased  there  is  not  a  uniform  elongation ;  with 
equal  increments  of  weight,  the  greater  the  load,  the  increase  in  elongation  almfi 
*>ccomcs  less ;  or,  to  express  it  in  another  way.  the  amount  of  elasiicily  of  ibr 
passive  muscle  increases  with  its  increased  extension  (Ed.  Weber^. 

In  inorganic  bodies  the  curve  of  extension  is  a  straight  line,  but  ir 
organic  bodies  it  more  closely  resembles  a  hyperbola  (  Werthfims.  The  elas- 
ticity of  a  passive, yjA^rj/ muscle  does  not  differ  essentially  from  that  0/  a  non- 
fatigued  muscle. 

Muscles  in  the  living  body,  and  stilt  in  connection  with  their  nerves  and  blood  vcMeK,  an  noft 
cxicnBible  than  excised  ones.  Muscle-^,  when  <]uite  fresh,  are  elongated  (within  certain  mull  Iimxi 
as  regards  the  weight)  at  lirst  with  a  uniformly  increasing  weight,  to  an  extent  proporUoul  to  ^ 
Utter,  just  as  with  an  inorganic  body.  When  heavy  weights  are  used,  we  must  be  careful  lo  t^ 
into  consideratian  the  **  flastu  after-effeet"  (§  65). 

The  volume  of  a  stretched  muscle  is  slightly  Uss  than  an  unstrciched  one,  stmiUr  to  the  ooi- 
iractcd  \\  297,  2)  and  stitTencd  muscle  ({  295}. 

De«d  muscles  and  muscles  in  rigor  mortii  have  greater  elasticity.  /. /.,  they  rcijuire  1  bnWi 
weight  lo  stretch  them  than  fresh  muscles;  but,  on  the  other  hand,  the  elasticity  of  dea<l  CDUCld 
is  less  complete,  1.  e.,  after  they  are  stretched  they  only  recover  their  origioal  form  within  coni* 
limits. 

Elasticity  of  Intact  Muscles. — Normally,  within  the  body,  the  muscles  we 
stretched  to  a  very  slight  extent,  as  can  be  shown  by  the  slight  degree  of  rctm- 
tion  which  occurs  when  the  insertion  of  a  muscle  is  divided.  This  slight  degree 
of  extension,  or  stretching,  is  important.  If  this  were  not  so,  when  a  muscle  » 
about  to  contract,  and  before  it  could  act  upon  a  bone  as  a  lever,  it  would  h*^'* 
to  take  in  so  much  slack.  The  elasticity  of  muscles  is  manifested  during  the  con 
traction  of  antagonistic  muscles.  The  position  of  a  passive  limb  depends  up*>^ 
the  resultant  of  the  elastic  tension  of  the  different  muscle  groups. 

The  elasticity  of  an  active  muscle  is  less  than  that  of  a  passive  mus^^' 
/.  ^,,  it  is  elongated  by  the  same  weight  to  a  greater  extent  than  a  passi\'e  mu*«-~"  *^* 
For  this  reason,  the  active  muscle,  as  can  be  shown  in  an  excised  contracted  ar»  ""^ 
cle,  \%  sofUr ;  the  apparently  great  hardness  manifested  by  stretched,  contrac"*^ 
muscles  depends  upon  their  tension.     When  the  active  muscle  becomes  J^uig  -^■"'^ 
its  elastftity  is  diminished  (§  304). 

Method. — Ed.  Weber  took  the  hyoglossus  muscle  of  a  frog  and  suspended  it  verticallr, 
its  length  when  it  was  passive.     It  was  then  teianixed  with  induction  shocks  and  its  hoghl 
noted.     One  after  the  other  heavier  weights  were  attached  to  it,  and  the  length  of  the  passive 
tetanizcd  muscle  observed  for  each  weight.     Tlic  extent  to  which  the  active  loaded  muscle  1 
from  the  position  of  the  passive  loaded  muscle  he  called  the  "  height  of  the  lift  "  (or  **  Hal 
'llie  latter  becomes  less  as  the  weight  increases,  and  lastly,  the  telanized  mtucle  may  be  so  loaded 
it  cannot  cunlract,  /.  t.,  the  height  of  the  lifl  is  —  O. 

Weber*8  Paradox. — The  case  may  occur  where,  when  a  muM:le  is  so  loaded  that  il  cannu<  * 
tract  when  it  if  stimulated,  it  may  even  elongate.     According  to  Wundt,  even  in  this  condiiiow^ 
elasticity  is  not  changed.     [The  usual  explanation  given  is  Lhat.as  the  elasticity  of  amu^cle  isiU 
isbed  during  contraction,  it  is  more  extended  with  the  same  weight  in  the  contracteil  ai  cpin| 
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the  passive  or  uncnntracted  stole,  so  that  a  hcavily>weiglite<)  mUAcle,  ivhen  fitimulolctl,  may 
;lonca,te  instead  of  shorten.]  According  lo  VVundi,  liuwever,  there  is  nu  change  in  the  cI:Lsticity 
jf  the  miucle.  In  these  experiments,  the  length  of  the  active  loaded  muscle  is  ei]iiat  to  the  length 
>f  the  poMave  muKcle  when  similarty  loaded,  minus  the  "  height  of  the  lift." 

E*Di8on8.  — Potash  causes  shortening  of  a  muscle  with  siinuhaneous  increase  of  its  elasticity. 
[Mgitalin  produces  other  changes  with  increated  elasticity.  l'hyso!tigniin  increases  it,  while  vera- 
rin  dtmmishes  it,  and  interferes  wit)i  its  completeness  {^Hossbach  and  v.  Anrep),  and  tannin  makes 
I  iniucle  less  extensible,  but  mure  ela-aic  (Lnvln).  Ligature  of  the  bloud  vessels  produces  at  first 
t  decrease,  and  then  an  increase,  of  the  elasticity  ;  section  of  the  motor  ncrre  diminishes  the  elns. 
icily  (t*.  Anrefi);  heat  increases  it. 

Eduard  Weberconcluded  from  his  experiments  that  a  muscle  assumes  two  forms,  the  active  and  the 
Misire  form.  Each  of  these  corres|>ond5  to  a  special  natural  form.  The  pawive  muscle  h.  longer 
ind  thinner — the  active  is  shorter  anii  thicker  in  form.  The  paskivc  as  well  as  the  active  muscle 
ttrives  to  retain  its  form.  If  the  passive  muscle  be  set  into  activity,  the  passive  rapidly  changes  into 
he  active  form,  in  virtue  of  its  elastic  force.  The  latter  U  the  energy  which  causes  muscular  work. 
Schwann  compared  the  force  of  an  active  muscle  to  a  long,  elastic,  tense,  spiral  spring.  Both  can 
ift  the  greaicsi  weight  only  from  that  form  in  which  they  are  most  stretched.  The  more  they 
ihonen,  the  less  the  weight  which  they  can  lift. 

[Tonicity  of  Muscle  (J  362)~Sen5ibility  of  Muscle. — Tliat  muscles  contain  sensory  fibres 
a  certain  l\  .430).  Section  of  inHamed  muscles  is  (iainful,  and  during  muscular  cramp  intense  pain 
s  fell.  Sachs  discb.irgcd  a  rctlcx  action  by  stimulating  the  central  end  of  an  intra-muscular  nerve 
ilafflcnt  in  a  frog,  while  stimulation  of  the  central  end  of  the  phrenic  nerve  raises  the  btood 
pressure  (Afustu/ar  Sense,  §  430).] 

[Uses  of  Elasticity. — As  already  pointed  out,  all  muscles  are  slightly  on  the 
ftretch,  so  that  no  time  is  lost  nor  energy  wasted  in  "  taking  in  slack,"  as  it  were ; 
C)ut  the  elasticity  also  lessens  the  shock  of  the  contraction,  so  that  it  is  developed 
^dually,  and  muscles  are  not  liable  to  be  torn  from  their  attachments.  The 
[Quscular  energy  is  transmitted  to  the  mass  to  be  moved  through  an  elastic  and 
sasily  extensible  body  (musclej,  whereby  the  shock  due  to  the  contraction  is 
lessened,  but,  as  Aiarey  has  shown,  the  amount  of  work  is  thereby  considerably 
Increased.] 

302.  FORMATION    OF    HEAT   IN    AN  ACTIVE    MUSCLE.— 

(\fler  Bunzen.  in  I1S05  (§  209,  i,  /'),  showed  that  during  muscular  activity  heat  is 
Evolved,  V.  Helmholtz  proved  that  an  exciitd  frog's  muscle,  when  tetanizfJ  iox 
Eiro  to  three  minutes,  exhibited  an  increase  of  its  temperature  of  0.14°  to 
XlS'*  C.  R.  Heidenhain  succeeded  in  showing  an  increase  of  0.001"  to  0.005" 
Z.  for  each  single  contraction.     The  heart  is  warmer  during  every  systole  {Afarry). 

[Method. — The  rise  in  temperature  of  a  frog's  muscle  may  be  estimated  by  placing  the  two 
mitrocnemii  of  a  frog's  muscle  on  the  two  junctions  of  a  ihcrmo  electric  pile,  connected  witli  a  heat 
alvanometer.  Of  course,  when  the  two  muscles  are  at  the  same  temperature,  the  needle  of  the 
alvanomcter  is  stationary  ;  but.  if  one  muscle  be  made  to  contract,  or  is  tetanired,  then  an  dec* 
ioU  currcDt  is  set  up  which  deflects  the  needle  {\  208.  II).] 

The  following  facts  have  been  ascertained  with  regard  to  the  development  of 
icat : — 

I.   Relation  to  Work. — It  bears  a  relation  to  the  amount  of  work,     (a)  If 

muscle  during  contraction  carries  a  weight  which  extends  it  again  during  rest, 
o  work  is  transferred  beyond  the  mi;scle  (§  300).  Jn  this  case  all  the  cherai- 
al  potential  energy  during  this  movement  is  converted  into  heat.  Under 
hese  circumstances  the  amount  of  heat  evolved  runs  parallel  with  the  amount  of 
rork  done,  /.^.,  it  increases  as  the  load  and  the  height  increase  up  to  a  maximum 
oint,  and  afterward  diminishes  as  the  load  is  increased.  The  heat  maxitwum  is 
cached  with  a  less  load  sooner  than  the  work  maximum  {Heidenhain). 

(b)  If,  when  the  muscle  is  at  the  height  of  its  contraction,  the  toad  be  removed^ 
hen  the  muscle  has  produced  work  referable  to  something  outside  itself;  in  this 
:ase  the  amount  of  heat  produced  is  less  (^A.  Fiek^.  The  amount  of  work  pro- 
lucedt  and  the  diminished  amount  of  heat  formed,  when  taken  together,  repre- 
lent  the  same  amount  of  energy,  corresponding  to  the  law  of  the  conservation  of 
meigy. 
34 
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(c)  If  the  same  amount  of  work  is  performed  in  one  case  by  many  im  snill 
contractions,  and  in  another  by  fewer  but  larger  contractions,  then  m  the  Ulicr 
case  the  amount  of  heat  is  greater  (JieiiUnhain  and  Nawalichin).  Thts  ibovi 
that  larger  contractions  are  accompanied  by  a  rriativeh  greater  metabolism  of  the 
muscular  substance  than  small  contractions,  which  is  in  harmony  with  pmtic^ 
experience  ;  thus  the  ascent  of  a  lower  with  steep  high  steps  cauhes  fatijjuc  more 
rapidly  (metabolism  greater)  than   the  ascent  of  a  more  gentle  slope  with  lower 

Stt.*|«. 

(d)  If  the  weighted  muscle  executes  a  series  of  contractions  one  after  the  other, 
and  at  the  same  time  does  work,  then  the  amount  of  heat  it  produces  is  greila 
than  when  it  is  tetanic,  and  keej^s  a  weight  suspended.  Thus  the  transition  of 
the  muscle  into  a  shortened  form  causes  a  greater  production  of  heat  than  the 
maintenance  of  this  form. 

3.  Relation  to  Tension. — The  amount  of  heat  evolved  depends  tipon  the 
tension  of  the  muscle :  u  also  increases  as  the  muscular  tension  increases  \Hetitn- 
hitin).  If  the  ends  of  a  muscle  be  so  fixed  that  it  cannot  contract,  the  maxiraum 
of  heat  is  obtained  (^c*f Am/).  Such  a  condition  occurs  during  tetanus,  in  wluth 
condition  the  violently  contracted  muscles  opix>sc  each  other,  and  very  high  tea- 
peratures  have  been  registered  by  Wnnderlich  ($  213,  7),  while  the  same  isnut 
of  animals  that  are  tetanizcd  {I.eytien).  l>ogs  kept  in  a  state  of  tetanus  liydtt- 
trical  stimulation  die,  Iwcause  their  temperature  rises  so  high  (44^  to  45"  C), 
that  life  no  longer  can  be  maintained  {Richet).  In  addition  to  the  formaiionof 
heat,  there  is  a  considerable  amount  of  (/riV/and  of  alcoholic  extractives  procJucwi 
in  the  muscular  tissue. 

3.  Relation  to  Stretching. — Heat  is  also  evolved  during  the  eht^turnDf 
relaxation  of  a  contracted  muscle,  e.^t^.,  by  causing  a  muscle  to  contract  wjihout 
the  addition  of  any  weight,  and  loading  it  when  it  begins  to  relax,  whereby  bcai 
is  produced  {Stet'ner,  Sehmu/rtoitseM  and  Westerman), 

4.  The  formation  of  heat  diminishes  as  the  muscular  fatigue  increases. 

5.  In  a  muscle  duly  supplied  with  blood,  the  production  of  heat  (as  well  as  the 
mechanical  work)  is  far  more  active  than  in  a  muscle  whose  blood  vesjeU  we 
ligatured  or  its  blood  stream  cut  off.  Recovery  takes  place  more  rapidly  »wl 
completely  after  fatigue,  while  at  the  same  time  there  is  a  new  increase  in  the 
production  of  heat  {Meade  Smith). 

The  amount  of  work  and  hcAt  in  a  muKle  must  always  correspond  10  the  iraiujoniuiioa  of  a 
equiviilent  amount  of  ch-mical  energy-  A  greater  port  of  this  encrf^  \y  manifej«ed  a&  wurlul^ 
greater  ihe  resistance  that  is  ufiiered  to  the  rouKcnlar  coniractJOQ.  When  the  resistance  i>  gTT«t.  \  fli 
the  chemical  energy  may  be  manifesieil  as  warU,  but  when  it  is  small,  only  a  small  pan  of  it  » ** 
converted. 

It  was  slated  that  a  nerve  in  action  is  ^,^  C.  warmer  (  Vatentin),  but  tbb  is  denied  by  v.  HHl^ 
holu  and  Heidenhain. 

In  man,  if  the  muscles  be  stimulated  with  electricity  or  contracted  voluntarily,  the  fvodudiaat' 
heat  may  be  detected  through  the  skin  (i^.  Ziemssen  \.  The  venous  bloud  Bowing  from  aa  sciItcI^ 
contracting  muscle  is  0.6°  C,  warmer  than  the  arterial  blood  {^Mmde  Smith). 

303.  THE  MUSCLE  SOUND.— Muscle  Sound.— When  a  mosck con- 
tracts, and  is  at  the  same  time  kept  in  a  state  of  tension  by  the  application  of 
sufficient  resistiince.  it  emits  a  distinct  sound  or  tone.  de[)endiDg  upon  the  inter- 
mittent variations  of  tension  occurring  within  it  ( IVo/taston). 

Methods. — The  muscle  sound  may  be  heard  by  placing  the  ear  over  the  tetanically  corwOfl 
and  tense  biceps  of  another  per&on;  or  we  may  in&cit  the  ti|s  nf  our  index  Angers  irao  oat  b^ 
and  forcibly  contract  the  muscles  of  our  arm:  or  the  sound  of  the  mutclet  thai  cloae  Ihe  }t«^f 
be  heard  by  forcibly  contracting  them,  especially  at  night  when  all  is  siill.  and  whni  the  iMicr  tt^ 
are  closed.  V.  Helmhullx  found  that  this  tunc  coincides  with  the  resonance  tone  of  the  car,— '^^ 
thought  that  the  vibrations  of  ihe  muM:les  caused  this  resonance  tunc.  The  sound  of  an  i«i>^^ 
frog*5  muscle  may  be  heard  by  placing  one  end  of  a  rod  in  the  ear,  the  other  ear  being  closed. 
:hc  other  end  of  the  rod  is  attached  a  loaded  frog's  niuiicle  kept  in  a  tetanic  conditK>n  The| 
of  the  note.  1.  e.,  the  number  of  vibrations,  may  be  ettiniatetl  by  comparing  the  mu>cle  •» 
that  produced  by  elastic  springs  vibrating  at  a  known  rate. 
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'a  muscle  contracts  voluntarily,  /.  ^.,  through  the  will,  it  makes  19.5 
ions  jjcr  second,  Wc  do  not  hear  this  very  low  tone,  owing  to  the  number 
brations  per  second  being  too  few;  but  what  we  actually  hear  is  the  first 
Iwc,  with  double  the  number  of  vibrations.  The  muscle  sound  has  19.5 
Hons,  when  the  muscles  of  an  animal  are  caused  to  contract,  by  stimulating 
htal  cord{y.  ffe/mhoifz),  and  also  when  the  motor  nen.e  trunk  is  excited  by 
fcal  means  [^Bernstein).  If,  however,  tetanizing  induction  shocks  be  applied 
^uscle,  then  the  number  of  vibrations  of  the  muscle  sound  corresponds  exactly 
^he  number  of  vibrations  of  the  vibrating  spring  or  hammer  of  the  induction 
ktus.     Thus  the  tone  may  be  raised  or  lowered  by  altering  the  tension  of  the 


In  founil  that  the  muscle  sound  was  loudest  when  the  weakest  currents  capable  of  producing 
I  were  enipl(»ye<i.  Tlic  &">uiid  corresponded  to  the  number  of  vil»nuioiis  of  1  lie  octave  just 
|U  in  the  scale.  With  stronf^er  currents  ihc  muscle  sound  dbappeors,  but  it  rcappcari  with  the 
number  of  vibnitiuns  as  that  of  ihc  interrupter  of  the  induction  apparatus,  if  s.ill  suonger 
B  are  used. 

Ilhe  induction  shocks  be  applied  to  the  nerve,  the  sound  is  not  so  loud,  but 
\  the  same  number  of  vibrations  as  the  interrupter.     With  rapid  induction 
Is,  tones  caused  by  704  {Loi-^tt)  and   1000  vibrations  per  second  have  been 
iced  \Birn stein). 
it  first  heart  sound  is  partly  muscular  (§  53). 

\  muscte  sound  is  ret;arded  as  a  sign  that  tetanus  is  due  to  a  series  of  single  variattans  of  the 
|r  of  the  muscle  {\  298.  III). 

4.  f ATIGUE/lND  PKrOVBrV  ffr  Tif!Tf>^T.r:       Fnticnr      Hy 

trm  tatigue  is  meant  that  condition  of  dimmi}>hed  capacity  fur  work  which  is 
need  in  a  muscle  by  prolonged  activity.  This  condition  is  accomi>anied  in 
living  person  with  a  peculiar  feeling  of  lassitude,  which  Is  referred  to  the 
iles.  A  fatigued  muscle  rapidly  recovers  in  a  living  animal,  but  an  excised 
Je  recovers  only  to  a  slight  extent  {.Ed.  Wetier,  Vatcntiti). 

hller  recopiizcs  a  certain  resemblance  between  experimental  raligue  and  the  natural  decline 
^ubiliiy  at  death,  in  di!vease.  and  in  poisoning.] 

^e  cause  of  fatigue  is,  probably,  jxirlly  due  to  Ihe  accumulation  y|'tl'''"'^ini|iffii 
produfits^*  fatigue  stuffs" — m  the  muscular  tissue,  these  products  being 
ed  within  the  muscle  itself  during  its  activity.  They  are  phosphoric  acid, 
T  free  or  in  the  form  of  arid  pUo^phaic^j  aa'd  potassittm  J>hosphatc  (§394), 
Sri n- phosphoric  acid  (?),  and  COj.  If  these  substances  be  removed  from  a 
Pe,  by  passing  through  its  blood  vessels  an  indifferent  solution  of  common 
[0.6  per  cent.),  or  a  weak  solution  of  sodium  carbonate  [or  a  dilute  solution 
^rmanganate  of  potash  {/Cro/tfckfrjj,  the  muscle  again  becomes  capable  of 

fixing  (/.  Ratike^  jS6j).  The  using  up  of  O  by  an  active  muscle  favors 
e  [I'.  Pcttenkoffr  ttnd  i'.  Voif ).  The  transfusion  of  arteriai  biood  (not  of 
Ms — Bichat)  removes  the  fatigue  {Hattkc,  Kronecker)^  probably  by  replacing 
^bstances  that  have  been  used  up  in  the  muscle.  Conversely,  an  activcly- 
^zing  muscle  may  be  rapidly  fatigued  by  injecting  into  its  blood  vessels  a 
ie  solution  of  phosphoric  acid,  of  acid  potassium  phosphate,  or  dissolved 
jet  of  meat  {Kgmtnerich).  A  muscte  fatigued  in  this  way  absorbs  less  O,  and 
I  so  fatigued  it  evolves  only  a  small  amount  of  acids  and  COj.  The  condi- 
I  which  lead  up  to  fatigue  are  connected  with  considerable  metabolism  in  the 
nilar  tissue. 

&Iudow!)ki  found  tliat  if  a  frog's  muscles  \x  systematically  stimulated  by  niaxinium  induction 
|(  until  ihey  cease  to  contract,  massage,  or  kneading  ihem  rapidly,  revtured  tlieir  excitability, 
simple  rest  had  little  effect.  Massa^je  acts  on  the  nerves,  but  chiefly  by  favoring  the  blood 
niph  streams  which  wasli  out  llic  wa>te  ptixiucls  fruui  the  muscle.  A  similar  result  ul^lains 
so  that  the  ancient  Rutiian  practice  of  "  rut»bin^  "  after  a  bath  and  after  exercise  was  one 
|cire  to  rettorali  in  of  the  power  of  the  muscles.] 
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Modifying  Conditions. — In  order  to  obtain  ihe  same  amount  of  work  (n€^ 
a  fatigued  muscle,  a  much  more  powerful  stimulus  must  be  applied  to  it  tbto  to    A 
fresh  one.     A  fatigued  muscle  is  incapable  of  lifting  a  considerable  load,  so  ih^Ll 
its  absolute  muscular  force  is  diminished.     If,  during  the  course  of  an  cxptrimen  ^, 
an  excised  muscle  be  loaded  with  the  same  weight,  and  if  the  muscle  be  stimuhter-^ 
at  regular  intervals  with  maximal  stimuli  (strong  induction  shocks),  conlraclio  -an 
after  contraction,  gradually  and  regularly  diminishes  in  height,  the  decrease  beui»  ^ 
a  constant  fraction  of  the  total  shortening.     Thus  the  fatigue  curve  is  represents  ^ 
by  a  straight  line  [/.  ^.,  a  straight  line  will  touch  the  apices  of  all  the  contractions    ^. 
The  more  rapidly  the  contractions  succeed  each  other,  the  greater  is  the  fall  in  li— »e 
height  of  the  contraction  [/'.  e.^  if  the  /w/ma/ between  the  contractions  be  shor-«, 
the  fatigue  curve  falls  rapidly  toward  the  abscissa],  and  conversely.     After  a  ce^c-- 
tain  number  of  contractions,  an  excised  muscle  becomes  exhausted. 

This  result  occurs  whether  the  stimuli  are  applied  at  short  or  long  intcrv^.! 
(A>t?«^^>fr«T),  and  a  similar  result  is  obtained  with  submaximal  stimuli  ( 7f«^r^  > 
A  fatigued  muscle  contracts  more  slowly  than  a  fresh  one,  while  the  latent  peric*<i 
is  also  longer  during  fatigue  {p.  518).  The  fatigued  muscle  is  said  to  be  more 
tWtx\%\\ii^{DondersandvanMattsveU').  If  a  muscle  be  so  loaded  that  when  it 
contracts  it  cannot  lift  the  load,  fatigue  occurs  even  to  a  greater  extent  than  wh«sn 
the  load  is  such  that  the  muscle  can  lift  it  i^Leher).  The  metabolism  and  the  fomk.^- 
tion  of  acid  are  greater  in  a  contracted  muscle  kept  on  thestrctch,  than  in  acontract^rd 
muscle  allowed  to  shorten  i^Heidenhain).  If  a  muscle  contract,  but  is  not  requir^^-d 
to  lift  any  load,  it  becomes  fatigued  only  very  gradually.  If  a  muscle  be  load^^ 
only  during  contraction,  and  not  during  relaxation,  it  is  fatigued  more  slowly  th.^»Ji 
when  it  is  loaded  during  both  phases ;  and  the  same  is  true  when  a  muscle  has  «o 
lift  its  load  only  during  the  course  of  its  contraction,  instead  of  at  the  bcginnisr^s 
of  the  contraction.  I^oads  may  be  suspended  to  perfectly  passive  muscles  witho«Jt 
fatiguing  Ihem  {harkss,  Leber). 

[Signs  of  Fatigue. — In  the  record  of  the  series  of  contractions  (i)  the  a^  a»" 
tractions  become  more  prolonged,  (3)  they  decrease  in  extent.  (3)  but  WalB---*' 
iinds  that  a  skeletal  muscle  exhibits  after  a  period  of  rest  a  **  staircase*'  chiurac^^-Ct 
of  its  contractions  just  like  the  heart  (§  57).] 

[  \VhiI«  an  excised  frog's  muscle  is  fsirly  rapidly  exhausted  by  single  openin;^  induction  &hc 
at  iniervah  of  one  second,  human  muscle  in  its  normal  relations  may  be  aln>o!.t   indcfinitcl 
Ireaied,  and  there  is  no  change  in  the  record  or  any  &en&atton  of  fatigue,  and  Waller  regards  ibt 
favoring  the  view  that  the  *'  fati^c  con^tequent  upon  prolonged  muscular  exertion  is  nonnall 
Iral  rather  than  peripheral."     Such  results,  however,  do  nut  hannouiic  with  those  of  Zablo 
00  the  kneading  of  muscles  or  massage.    Probably  there  are  two  factors,  one  central  the  other  p< 
eral  ] 

Blood  Supply. — If  the  arteries  of  a  mammal  l>c  ligatured,  stimulation  of  the  motor  nerves 
ducc^  cumplcie  fatigue  after  120  to  240  contractions  (in  two  to  four  minutes),  but  dtreoi 
»tinuilaiion  ^itl  causes  the  muscles  to  contract.     In  both  cases  the  fatigue  curve  is  in  the 
a  Mraight  line.     If  the  t>Iood  supply  to  a  mammalian  muscle  be  normal,  on  stimulating  lh« 
ncrv'e  the  muscular  contractions  at  ttrst  increase  in  height  and  then  fall,  their  apices  forming 
line  I  Rossbach  ami  Harteneck).     In  persons  who  have  used  their  muscles  until  laligue  t«u  hi,  W 
found  that  at  the  l«ginnii)g  the  nerves  nnd  muscles  react  better  to  galvanic  and  faradic  stimvlatia-' 
but  afterward  always  to  a  Icvs  degree  {Orsihamki').    According  to  v.  Kries,  a  muscle  tetant/cd  ^M 
fatigued  with  ma:iimal  stimuli  behaves  like  a  fresh  muscle  tetaiiireil  with  subniaxinial  stimuli;   bi^ 
show  an  incomplcie  transition  from  the  j^iassive  to  the  active  condition. 

[Relation  of  End  Plates. — Muscle  is  fatigued  far  more  rapidly  than  nerve,  and  the  fal'ignc 
in  the  muitcle  and  not  in  the  nerve,  and  it  seems  to  be  the  weakest  link  in  the  chain  belwecn 
and  muscle  which  is  affected  during  excessive  action,  vii.,  the  motor  end  plate  ( if'«/vVrj.  1  _ 
nerve  its  conductivity  h  sooner  offected  by  fiatiguc  tfian  its  direct  excitability.  Waller  finds  tl^^ 
after  death  '■  the  excitability  of  a  nerve  persists  when  its  action  upon  muscle  has  ceased,  such  mits-^C^f 
Iwmg  still  excitable  by  direct  sitmulatton."  Some  link  in  the  chain  is  obviously  affected,  and  i^  '^ 
perha]>s  the  end  plates.] 

[Action  of  Druga  on  Fatigue. — Waller  finds,  in  a  frog  poisoned  with  veratrin,  that  IT  tlie  m^*^ 
cles  1«  stimulated  electrically  the  characteristic  elongation  of  the  descent  {\  398)  gradually  ^**^^^ 
pears,  but  re3p[)ears  after  a  period  of  rest.  In  this  respect  strychnin  in  its  action  on  the  spinal  g**^^ 
i>ehaves    precisely  the  same  as  veratrin  on   muscle,  vix.,  its  effect  ii  dissipated   by  action  aW-" 
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rest.]   Curaraand  the  ptomaines caus*  an  irregular  courseof  the  fatigue  curve  (GuarescAi 
•sto). 

rychnin  be  injected  into  a  frog,  and  the  sciatic  nerve  on  one  sifle  divided  afier  (he  strychnin 
has  lasted  f-jr  a  time,  the  leg  muscles  of  the  siHe  with  the  nerve  undivided  evtiihii  signs  of 
as  shown  hy  direct  slimulajion  of  the  muscles  of  both  IcgH  when  a  cur^'c  nimilar  (o  Fig.  312 
led.     The  higher  one  is  the  noafatigued,  tbe  lower  that  of  the  aide  with  the  Derve  andi* 

;overy  from  the  condition  of  fatigue  is  promoted  by  passing  a  constant  ehc- 
■urreni  through  the  entire  length  of  the  muscle  (^Heidenhain)^  also  by  inject- 
:sh  arterial  blood  into  its  blood  vessels,  or  by  very  small  doses  of  veratrin 
rmanganate  of  potash]  and  by  rest. 

:  muscle  of  an  intact  animal  Ix:  stimulated  continuously  (fourteen  days  or  thereby),  until 
e  fatigue  occurs,  the  muscular  fibres  l>ecume  granulnr  and  exhibit  a  wax-like  degeneraiiun. 
nsrenic  stnation  is  still  visible  as  tongas  the  sarcous  sal;stsnce  is  in  large  masses, but  as  raon 
■aks  up  into  small  pieces  ihc  transverse  Mrialion  dinappcars  couiplelely  {O.  Koth). 

.  MECHANISM  OF  THE  BONES  AND  JOINTS.— Bones 
t  in  the  inner  architecture  of  their  spongiosa  an  arrangement  of  their 
e  and  spicules  which  represents  the  static  result  of  those  forces — pressure 
action — which  act  on   the  developing  bone.     They  are  so  arranged  that, 

Fio.  313. 


Ca  olxaincii  by  tlirrri  stimuialii'n  of  the  gj»^lro';ricriiiu'i  ol  u  (i-m  [>iijwnc<l  wiili  slrjcliriii  (  H',t//er\,  lh« 
■ciatic  nerve  divided  on  otk  side  (upper  corvc)  anil  nul  on  ihc  other  (Ijwcr  or  bti|^e  curve). 

!ie  minimum  of  material,  they  afford  the  greatest  resistance  as  a  supporting 
ire  or  framework  (ff.  v.  Afeyfr,  Cufmann,  Jui,  Wolff'). 

tte  joints  permit  the  freest  movements  of  one  t>one  upon  another  [such  as  exist  between  the 
lies  of  the  bones  of  the  HmlM.  In  other  cases,  sutures  are  foimed,  which,  while  permitiini; 
emcnl,  allow  the  contents  of  the  cavity  which  they  surround  to  enlarge,  as  in  the  case  of  the 
I.]  The  arlictilar  end  of  a  fresh  bone  is  covered  with  a  thin  layer  or  plate  of  hyaline  car- 
rhich  in  virtue  of  its  cListicity  moderates  any  shocks  nr  impulses  communicated  to  the  bones. 
face  of  the  articular  cartilage  is  jierfectly  smooth,  and  facilitates  an  easy  girding  movement 
ae  surface  upon  the  other.  At  the  outer  boundary  line  of  the  cartilage,  there  is  fixed  ttie  cap- 
'  the  joint,  which  encloses  the  articular  ends  of  the  bones  like  a  sac.  The  inner  surface  of 
iule  is  lined  by  a  synovial  membmne,  which  secretes  the  sticky,  semi-fluid,  synovia,  moisten- 
joint.  The  outer  surface  of  the  capsule  is  prnvitlc<l  at  various  j»ari5  with  bands  of  fibrous 
omc  of  which  strengthen  it,  while  others  reiirain  or  limit  the  movements  of  the  joint.  Some 
processes  limit  the  movements  of  particular  joints,  r.^..  the  coronoid  process  of  the  ulna, 
>ermits  the  forearm  to  be  flexed  on  the  upper  arm  only  lo  a  certain  extent;  the  olecranon, 
ircvents  over-extcu'^ion  at  tlie  elbow  joint.  The  joint  surfaces  arc  kept  in  apposition— 11) 
idhesion  of  ihc  synovia-covcred  smooth  articular  surfaces;  (2)  by  the  capsule  and  its  fibrous 
and  (3)  by  the  elauic  tension  and  contraction  of  the  muncles. 

icture  of  Articular  Cartilage.— The  thin  layer  of  hyaline  encrusting  cartilage  Is  fixed  by 
■ular  surface  upon  the  corresponding  surface  of  the  head  of  the  bone.  In  a  vertical  section 
the  articular  cartilage  of  a  bone,  which  has  tieen  softened  in  chromic  or  other  suiiablcacid, 
rrve  that  the  cartilage  cells  are  flatlcned  near  the  free  surface  of  the  carttlape,  and  their  long 
J  parallel  to  the  surface  of  the  joint ;  lower  down,  the  cells  arc  arnuigcd  in  irregular  groups, 
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•anH  fartlier  Hown  Mill,  nearer  the  txmr,  in  columns  or  row^.  whose  long  axis  is  in  the  Inog  a 
the  bone.     These  rows  are  produced  by  tran&verse  cleavage  of  pre  existing  cells,     (n  tht 
two  ihird.s  or  thereby  the  matrix  of  the  cartilage  in  hyaline.  Init  in  the  lower  ihiril.  nr«r  the 
the  matrix  is  granular  and  ^metimes  nhrill.iied.     This  is  the  calciRed  zone,  which  is  impn^oiled 
wrf  b  lime  salts,  and  sharply  delined  by  a  Ntiir/y  straight  iint  from  the  hyaline  zone  abovr  X.  ud  t; 
a  bold  VHtt'T  line  from  the  osseous  head  of  the  bone.] 

Synovial  Membrane. — Synovial  membrane  consists  of  ban*!)?*  of  HcHcate  connecitve  linw 
mixed  with  elaMic  tissue,  while  on  its  inner  surface  it  is  provided  with  folds,  some  cf  which  couua 
fat.  and  others  blood  vessels  (synovial  villi).  The  inner  siirface  ts  llne<l  with  rniloilKltiun.  Tk 
intra -capsular  ligaments  and  cartilages  are  not  covered  by  the  synovial  memhniiu:,  nor  in  tiny 
covered  hy  endothelium.  The  synovia  is  a  colorless,  urin^jy.  alkaline  fluid,  with  ■  chemical  con 
position  closely  allied  to  that  of  transudations,  with  this  dilTcrencc,  that  it  contains  much  nocm. 
together  with  albumin  and  traces  of  fat.  Kxcessive  movement  diminishes  lU  amount,  make*  h  bhr 
inspissated,  and  increases  (he  mucin,  but  diminishes  the  soils. 

Joints  may  be  divided  into  several  classes,  according  to  the  kind  of  movenuDt 
which  they  permit : — 

1.  Joints  tvilH  fHiTfemeHt  a  round  out  axis  :  (a)  The  Ginglymus,  or  Hinge  Joint.— Tlvoae 
anicular  surface  represents  a  portion  nf  a  cylinder  or  sphere,  to  which  the  niher  surface  isada|tt^ 
by  a  corresponding  depression,  so  that,  mHcm  Hexinn  or  exiensifin  of  ihe  joint  lakes  place,  II  nMn 
only  on  one  axis  of  the  cylinder  or  sphere.  The  joints  of  the  fio^ers  and  toes  arc  hin^e  )""«**  of 
this  description.  Lntertil  li<>aii)cnts,  which  prevent  a  lateral  displacement  of  the  anicuUi  tuffaoa. 
aic  always  present. 

Tlic  Screw-hinge  Joint  is  a  modification  of  the  simple  hin^e  form  (Lanj^tr,  Iffnkt)^  ^f.,lW 
hum-  ro-uinar  aniculftiion.  Strictly  speaking,  simple  Hexion  and  extcn*ion  do  n-jt  take  [jace  al  lltf 
ellww  joint,  but  the  ulna  moves  on  the  capiteltum  of  the  humerus  like  a  nut  on  a  tmh;  la  ibc 
right  humerus  the  screw  is  a  right  spiral,  in  tlie  left,  a  left  spiral.  The  ankle  joint  is  amithef  n- 
ample  ;  the  nut  or  female  screw  is  Ihe  tibial  surface,  the  right  joint  is  like  a  left  handed  irrew.ttic 
left  the  reverse.  [h\  The  pivot  joint  jrotatoriai,  with  a  cylindrical  surface,  f.g.,  the  joint  hdocm 
the  atlas  and  the  oxis.  the  axis  of  mtiition  being  around  the  odonloid  process  of  the  axii.  In  ibc 
acts  of  pronation  and  supination  of  the  forearm  at  the  elbow  joint,  the  axis  of  rntaiion  \\  fna 
the  middle  of  the  cotyloid  cavity  of  the  head  of  the  radius  to  the  ^ytotd  |mx:ets  of  the  ulns.  TW 
other  joints  which  assist  in  thi-se  movements  arc  ahti'f  the  joint  Ivtwccn  the  circumferential  p*fl  of 
Ihe  head  of  the  radius  and  the  sigmoid  cavity  of  the  ulna,  and  beftnv  the  joint  between  the  signoid 
cavity  of  the  radius  which  muves  over  the  rounded  tower  end  of  the  ulna. 

1.  Joints  ivith  mm.'tmenti  around  Xvto  axes. — [a)  Such  joints  have  two  unequally  curved  nitfwts 
which  intersect  each  other,  but  which  lie  in  the  same  direction,  c.  ^.,  the  ailamo  occipital  'fAr*,<t 
the  wriul  joint,  at  which  lateral  movements,  as  well  as  flexion  and  extension,  lake  place,  i*}  J««' 
wiili  curved  surfacei,  whiL-li  intersect  e.ich  other,  but  which  do  nol  lie  in  the  same  direction,  To 
this  group  belong  the  saddle  shaped  anlculaiions,  whose  surface  it  concave  in  one  dtreaioD.M 
convex  in  the  other,  e,  ^..  the  joint  between  the  metacarpal  bone  of  the  thumb  and  the  inpcM* 
The  chief  movements  arc — (1)  llcxion  and  extension,  (2)  abduction  and  adduction  Furthrr.t^a 
limited  degree,  movement  is  possible  in  all  other  directions ;  and,  lastly,  a  pyramidal  movcncst  Oft 
l>c  descrilwd  by  the  thumb.  ^    , 

3.  Joints  U'l/A  mot-rmettt  on  a  spiral  arttcnfar  snrfa*e  {spirat Jointf),  e.  ^.,  the  knee  joifit  '''f9|^| 
sir).     The  condyl  of  the  femur,  curved  from  before  backward,  in  the  aniem-postenor  section  °*^^^| 
aiticular  surface,  represents  a  spiral  ( Ed.  Weber\,  whose  centre  lies  nearer  the  posterior  part  c^  ^^ 
condyle,  and  whose  radius  vector  increases  from  Ijchind,  tlownwaid  and  forward.      KIciinn  '"' 
extension  are  the  chief  movements.     The  strong  lateral  ligamrnt^  arise   from   the  condyle*  ol  *** 
femur  corrc«[»«)nding  to  the  centre  of  the  spiral,  and  are  inserted  Into  the  head  of  the  tibiila  *****  *i 
icnial  cundyte  of  the  tibia.  When  the  knee  joint  is  strongly  flexed,  the  lateral  ligaments  are  f*^*''^ 
— ibcy  become  tense  as  the  extension  increases;  and  when  the  knee  joint  is  folly  extended.  thg'T *^ 
nuile  like  tense  hands  which  secure  the  lateral  fixation  of  the  joint.     Corresponding  to  the  *^*** 
form  of  the  articular  surface,  flexiim  and  extension  do  not  take  place  around  pnt  axis,  Iwt  the    ** 
moves  continually  with  the  pnjnt  of  contact;  the  axis  moves  also  in  a  spiral  direction.  The  grg"** 
flexion  and  extension  covers  an  anL;ie  of  alx>ut  145°.     The  anicrior  crucial  ligament  is  more    **^ 
during  extension,  and  acts  as  a  check  ligamenl  for  loo  great  extension,  while  the  (>osien«ir  u    *^ 
:ensc  during  flexion  and  is  a  check  ligament  for  too  great  flexion.     The  movements  of  eite**""] 
and  flexion  at  the  knee  are  further  complicated  by  tlie  fact  that  the  joint  has  a  scrcw-like  irv^'TTl 
raeni,  in  that  during  the  greater  extension  the  leg  moves  outward.     Hence,  the  thigh,  when  tl»^ 
is  fixed,  mut«l  be  rotated  outwani  during  flexion.     Pronation  and  supinatioD  take  place  '  ~ 

greatest  flexion  to  the  extent  uf  41°  {Athert)  at  the  knee  joint,  while  with  the  greatest  exi 
IS  nil.     It  occurs  because  the  external  condyle  of  the  libia  rotates  on  the  loiemal.     In  all 
during  flexion  the  crucial  ligaments  are  fairly  and  uniformly  tense,  whereby  the  articular  surfa 
pressed  against  each  other.     Owing  to  their  arrangement,  during  increasing  tension  of  the 
ligament  (extension),  the  condyles  of  the  femur  mast  roll  more  on  to  the  anterior  pan  of  the  art* 
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:e  of  the  tibia,  while  by  increasing  lennon  of  the  poMerior  HgomenE  (flexion)  ihey  must  pass 
kore  backward. 

^,  Joints  -j<ith  the  axis  of  rotation  round  ont  Jixed  point. — These  are  the  freely  movable 
nhrodia]  joints.  The  movements  can  take  place  around  innumrrnble  axcii,  which  all  intersei:! 
ich  other  in  the  centre  of  rotation.  One  articular  surface  is  nearly  Hphcrical,  tlic  other  is  cup- 
Itpcd.  The  shoulder  and  hip  joinU  are  typical  "ball  and  socket  joints."  We  may  represent 
te  movements  as  taking  place  around  lArff  axes,  iniersecting  ea^h  other  at  right  angles.  The 
lovements  which  can  be  performed  at  these  joints  may  be  grouped  as:  (!)  pendulum  like  move- 
lenls  in  any  plane;  (2)  rotation  round  the  long  axis  of  the  limb;  and  (3)  circumscribing  movements 
arcumdaction],  such  as  are  made  round  the  circumference  of  a  sphere;  the  centre  is  in  the  point 
frouiinn  of  itie  jnint,  while  the  circumference  is  described  by  the  limb  itself 
iLiraited  aithrodial  joints  are  ba!l  joints  with  limited  movements,  and  where  rotation  on  the 
■g  axis  v<  wanting,  c.  ,^',,  the  metacarpophalangeal  joints. 

Vs.  Rigid  joints  ur  amphiarthroset  are  chunicierized  by  the  fact  that  movement  may  occur  in 
lldirections,  but  only  to  a  verj-  limited  extent,  in  conse^iuence  of  the  very  mugh  and  unyielding 
itternal  ligaments.  Both  anicular  surfaces  are  usually  about  the  same  fAic,  and  arc  nearly  plane 
irfaccs,  i.j^;  the  aniculatiuns  of  the  carpal  and  ihe  tar&:il  bone». 

II.  Symphyses,  synchondroses,  and  syndesmoses  unite  hones  without  the  formation  of  a 
roper  articnlar  cavity,  are  movable  in  all  directions,  but  only  to  the  very  slightest  extent.  Physio- 
igically,  they  are  closely  related  to  amphiarthrodtal  joints. 

III.  Sutures  unite  bones  without  permitting  any  movement.  The  physiological  importance  of 
le  suture  is  that  the  lx)ne<i  can  still  grow  at  their  niges,  which  thos  renders  poisible  the  distention 
f  the  cavity  enclosed  by  the  bones  {lierm.  v.  Afryer). 

ke.  ARRANGEMENT  AND  USES  OF  THE  MUSCLES.— The 
:lcs  form  45  per  cent,  of  the  total  nias.s  of  the  body,  those  of  the  right  side 
(cing  heavier  than  tho.'ie  on  the  left  { EU.  Weh^r).     Muscles  may  be  arranged  in 

tp  follow  ing  groups,  as  far  as  their  merhanical  actions  are  concerned  : — 
A.  Muscles  without  a  definite  origin  and  insertion: — 

1.  The  hollow  muscles  surrounding  globular,  oval,  or  irregular  cavities,  sitch 
s  the  urinary  bladder,  gall  bladder,  uterus,  and  heart  ;  or  the  walls  of  tnore  or 
•ss  cylindrical  canals  (intestinal  tract,  muscular  gland  ducts,  ureters.  Fallopian 
ubcs,  vasa  deferentia,  blood  vessels,  and  lymphatics).  In  all  these  cases  the 
Auscular  fibres  are  arranged  in  several  layers,  ^.^.,  in  a  longitudinal  and  a  circular 
lyer,  and  sometimes  also  in  an  obli<pje  layer.  .\11  these  layers  act  together,  and 
hus  diminish  the  cavity.  It  is  inadmissible  to  ascribe  different  mechanical  cHects 
D  the  different  laj'ers,  ^.  ^^ ,  that  the  circular  fibres  of  the  intestine  narrow  it,  while 
he  longitudinal  dilate  it.  Both  sets  of  fibres  rather  seem  to  act  simultaneously, 
,nd  diminish  the  cavity  by  making  it  narrower  and  shorter  at  the  s;ime  time. 
rhe  only  case  where  muscular  fibres  may  ad  in  ]>artially  dilating  the  cavity  is 
rhen,  owing  to  pressure  from  without  or  from  ]}arttal  contraction  of  some  fibres, 
.  fold,  projecting  into  the  lumen,  has  been  formed.  When  the  fibres,  necessarily 
tretching  across  the  depression  thereby  produced,  contract,  they  must  tend  to 
(odo  it,  /'.  e.y  enlarge  the  cavity.  The  various  layers  are  all  innervated  from  the 
be  motor  source,  which  supjtorts  the  view  of  their  conjoint  action. 

Fi.  The  sphincters  surround  an  opening  or  a  short  canal,  and  by  their  action 
hey  either  constrict  or  close  it,  f.  g.,  sphincter  papillre,  palpebranim,  oris,  pylori, 
|ni.  cunni,  urethrie. 

■B.  Muscles  with  a  definite  origin  and  insertion  :— 
■1.  The  origin  is  completely  fixed  when  the  muscle  is  in  action.  The 
ourse  of  the  muscular  fibres,  as  they  pass  to  where  they  are  inserted,  permits  of 
he  insertion  being  approximated  in  a  straight  line  toward  their  origin  during 
:oatractton.  f.g.,  the  attolens,  attrahens,  and  retrahentes  of  the  outer  ear,  and 
he  rhomboidei.  Some  of  these  muscles  are  inserted  into  soft  parts  which  neces- 
arily  must  follow  the  line  of  traction,  ^.^.,  the  azygos  uvulse,  levator  palati  mollis, 
ind  most  of  the  muscles  which  arise  from  bone  and  are  inserted  into  the  skin,  such 
a  the  muscles  of  the  face,  styloglossus,  stylopharyngeus,  etc. 

2.  Both  Origin  and  Insertion  Movable. — In  this  case  the  movements  of 
»th  points  arc  inversely  as  the  resistance  to  be  overcome.  The  resistance  is  often 
luntary,  which  may  be  increased  either  at  the  origin  or  insertion  of  the  muscle. 
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Thus,  the  sternocleidomastoid  may  act  either  as  a  depressor  of  the  head  or  an 
elevator  of  the  cliest ;  the  pectoralis  minor  may  act  as  an  adductor  and  dcproMr 
of  the  shoulder,  or  as  an  elevator  of  the  3d  to  sth  ribs  (when  the  shoulder  gwrfie 
is  fixed). 

3.  Angular  Course. — Many  muscles  having  a  fixed  origiri  are  diverted  from 
their  straight  course  ;  either  their  fibres  or  their  tendons  may  be  beni  out  of  the 
straight  course.  Sometimes  the  curving  is  slight,  as  in  the  occipito-frontalhind 
levator  paljwbne  superioris,  or  the  tendon  may  form  an  angie  round  some  bony 
process^  whereby  the  muscular  traction  acts  in  quite  a  different  direction,  r.  r,  v> 
if  the  muscle  acted  directly  from  this  process  upon  its  p<nnt  of  insertion,  t.%.,^ 
obliquus  oculi  superior,  tensor  tympani,  tensor  vcli  palatini,  obturator  inicrmrv. 

4.  Many  of  the  muscles  of  the  extremities  act  upon  the  long  bones  as  upon 
levers:  {a)  Some  act  upon  a  lever  with  one  arm»  in  which  case  the  insertion 
of  the  muscle  (power)  and  the  weight  lie  upon  one  side  of  the  fulcrum  or  point  of 
support,  e.g.^  biceps,  deltoid.  The  insertion  of  (or  power)  often  lies  very  doie 
to  the  fulcrum.  In  such  a  case,  the  rapidity  of  the  movement  at  the  end  of  the 
lever  is  greatly  increased,  but  force  is  lost  [/.  ^.,  what  is  gained  in  rapidity  is  lost 
in  power].  This  arrangement  has  this  advantage,  that,  owing  to  the  slight  coo- 
traction  of  the  muscle,  Tittle  energy  is  evolved,  which  would  be  the  case  bad  the 
muscular  contraction  been  more  considerable  (§  300,  I,  3).  {fi)  The  musflcsict 
upon  the  bones  as  upon  a  lever  with  two  arms,  in  which  case  the  power  (in&crtion 
of  the  muscle)  lies  on  the  other  side  of  the  fulcrum  opposite  to  the  weight,  tf,., 
the  triceps  and  muscles  of  the  calf.  In  both  cases,  the  muscular  force  necessirr 
to  overcome  the  resistance  is  estimated  by  the  principles  of  the  lever :  equilibnum 
is  established  when  the  static  moments  (=  product  of  the  power  in  its  vcrtwl 
distance  from  the  fulcrum) are  equal;  or  when  the  power  and  weight  are  invcrKly 
proportional,  as  their  vertical  distance  from  the  fulcrum. 

[The  Bony  Levcra. — All  the  tlirte  orders  of  levers  are  Diet  with  in  the  liody.  Indeed,  is  the 
elbow  joint  all  the  three  orders  are  represenied.     The  annexed  scheme  .^howit  ibe  relalivc  potiwai 

of  P,  W  and  F  {Fijj-  313).     The  isl  onlcr  »  represented  byadi 

FtG.  -xxx  *  movemcnl  as  nodding  ihe  head,  (he  2d  by  r&ising  the  Iradyoa 

the  tiptoes  by  ihe  muscles  of  the  calf,  and  the  jd  tty  the  kuob 

of  ihe  bicejTS  in  mising  the  forearm.     At  the  elbow  )oinl  ihrfiM 

(1)     order  is  illiutralcd  by  extending  the  llencd  foreann  on  theunvr 

arm,  as  in  strikmg  a  blow  on  the  lahle,  where  the  triceps  iskM 

to  the  olecranon  is  the  power,  the  trochlea  the  fulcrum,  ■»d  tfcc 

hand  the  weight.     If  the  hand  rest  on  the  fable  and  (he  tmty  t* 

(3)     rised  on  It,  then  the  hand  ts  the  fulcrum,  while  the  incqu  iitlK 

power  raiding  ibe  humerus  and  the  paili  rcMing  on  il  (W).    TV 

third  order  bus  already  been  referred  to  in  flexing  ihc  iorcaim.] 

Direction  of  Action. —It  is  most  important  to  ottscrre  tlw 

Ki)     directtoH  in   which  the  muscular  force  and  weight  act  ufcol^ 

lever  arm.     Thus,  the  direction  may  be  vertical  to  thclc*eriao« 

position,  while  after  Bexion  tl  may  act  ublitiuely  upun  the  1c«<t 

The  static  moment  of  a  power  acting  o^/Z^m//^  on  the  le^cr  imu 

olxained  by  multiplying  the  power  with  the  power  actmg  in  a  direction  vertical  to  (fae  pmaiw 

rotation. 

Examples. — In  Fig.  314, 1,  H  x  presents  the  humerus,  and  x  7.  the  rathus  ;  A  ^,  the  dirfCtM 
of  ihe  traction  of  the  biceps.  If  the  biceps  acts  at  a  right  angle  only,  as  by  lifting  horiiODisllT  * 
weight  (!')  lying  on  the  forearm  or  in  the  hand,  then  the  power  of  the  biceps  (^^  A)  is  oUaiaC' 
from  the  formula,  K  y  x  —  P  j  Z,  »>.,  A  =  (P  x  Z) :  ^  x.  It  is  evident  that,  when  the  i»di«  » 
depressed  to  the  position  x  C,  the  result  is  difl'^erent ;  then  Ihe  force  of  ihc  biccp*  =  A ,  —  (Pi  >.')■ 
o  X.  In  Fig.  314,  M,  TF  is  the  tibia,  F,  the  ankle  joint,  MC,  the  foot  in  a  horizontal  po***- 
The  power  of  the  uuM:lex  of  llie  calf  (=  a)  necessary  to  equalice  s  force,/,  dtrectet)  fnm  l*l9* 
again<4  the  anterior  part  of  the  foot,  would  be  a  =  (/  M  F) :  F  C.  If  Ihe  foot  be  altered  Ivi"* 
position,  R  S,  the  force  nf  the  muscles  of  the  calf  would  then  be  d,  =  (/,  MF) :   F  C. 

In  muscles  also,  which,  like  the  coraco-brachialis,  are  stretched  over  iheaft^lf 
of  a  hinge,  the  same  result  obtains. 

lo  Fig*  3141  III,  H  £  is  the  humerus,  £,  the  elbow  joint,  £  R,  the  radiua,  B  K.  the  con'^ 
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iialis.     lis  tDomcnt  in  this  position  \t  =^  A,  ^  E.     When  the  radius  is  raised  lo  E  R,,lhen  it  is 
A,  a  E.     We  mu*t  notice,  however,  that  B  R,  <^  BR.     Hence,  ihe   alisolute  mu^cutor  force 


be  less  in  the  Oexcd  position,  because  every  muscle,  as  it  becomes  shorter,  lifts  less  weight. 
is  lost  in  power  is  gained  by  the  elongation  of  the  lever  um. 


f 

K.  Many  muscles  have  a  double  action  ;  when  contracted  in  the  ordinary 
K  they  execute  a  combined  muvement,  f.^i^.,  the  biceps  is  a  flexor  and  supinator 
if  the  forearm.  If  one  of  these  movements  be  prevented  by  the  action  of  other 
auscles.  the  muscle  takes  no  part  in  the  execution  of  the  other  movement. 

^B  the  foreann  be  stronely  pronated  and  flexed  in  this  position,  the  biceps  lakes  no  part  therein ; 
^^hen  the  elbow  joint  is  rigidly  snpinated.  only  the  supinator  brcvi<t  acts,  not  the  biceps.  Tie 
msclcs  of  mastication  are  another  example.  The  massctcr  elevates  the  lower  jaw,  and  at  the 
ime  time  pulls  it  forward.  If  the  depressed  jaw,  however,  he  slronj^ly  pulled  backward  when  the 
iw  is  raised,  tlie  maAseter  is  not  concerned.  The  temporal  muscle  raises  the  jaw.  and  at  the  same 
me  pulls  it  backward.  If  the  depressed  jaw  be  raised  afkcr  being  pushed  forward,  then  the  tern- 
anl  is  not  concerned  in  its  elevation. 

6.  Muscles  acting  on  two  or  more  joints  are  those  which  in  their  course 
rom  their  origin   to  their   insertion  pass  over  two  or  more  joints.     Either  the 
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;ndons  may  deviate  from  a  straight  course,  e.^.,  the  extensors  and  flexors  of  the 
ngers  and  toes,  as  when  the  latter  are  flexed  ;  or  the  direction  is  always  straight, 
>g.y  the  gastrocnemius.  The  muscles  of  this  group  present  the  following  points 
f  interest :  (a)  The  phenomenon  of  .so-called  "  active  insufficiency  "  {Hueter^ 
fenke).  If  the  position  of  the  joints  over  which  those  muscles  pass  be  so  altered 
liat  their  origin  and  insertion  come  too  near  each  other,  the  muscle  may  require 
>  contract  so  much  before  it  can  act  on  the  bones  attached  to  it,  that  it  cannot 
ontract  actively  any  further  than  to  the  extent  of  the  shortening  from  which  it 
egins  to  be  active,  e.g.,  when  the  knee  joint  is  bent  the  gastrocnemius  can  no 
)nger  produce  plantar  flexion  of  the  foot,  but  the  traction  on  the  tcndo  Achilles 
(produced  by  the  soleiis.  {h)  "Passive  insufficiency"  is  .shown  by  many- 
Hnted  muscles  under  the  following  circumstances:  In  certain  positions  of  the 
)int,  a  muscle  may  be  so  stretched  that  it  may  art  like  a  rigid  strap,  and  thus 
mit  or  prevent  the  action  of  other  muscles,  r.^.,  the  gastrocnemius  is  too  short 
!>  permit  complete  dorsal  flexion  of  the  foot  when  the  knee  is  extended.  The 
Hig  flexors  of  the  leg,  arising  from  the  tuber  ischii,  are  too  short  to  permit  com- 
~     extension  of  the  knee  joint  when  the  hip  joint  is  Aexed  at  an  acute  angle. 
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The  extensor  rendons  of  the  fingers  are  too  short  to  permit  of  complete  flnioo 
of  the  joints  of  the  fingers  when  the  hand  is  completely  flexed. 

7.  Synergetic  muscles  are  those  which  together  subserve  a  certain  kind  of 
movement,  t".  g.,  the  flexors  of  the  leg,  the  muscles  of  the  calf,  and  others.  Tlie 
abdominal  muscles  act  along  with  the  diaphragm  in  diminishing  the  abdonen 
during  straining,  while  the  muscles  of  inspiration  or  expiration,  even  the  diffciCBt 
origins  of  one  muscle,  or  the  two  bellies  of  a  biventral  muscle,  may  be  legardol 
from  the  same  point  of  view. 

Antagonistic  muscles  (Ga/fn)  are  those  which,  during  their  action,  have  ex- 
actly the  opposite  cfl'cct  of  other  muscles,  e.  g.y  flexors  and  extensors — prooAion 
and  supinators — adductors  and  abductors — elevators  and  depressors — sphincien 
and  dilators — inspiratory  and  expiratory. 

When  it  is  necessary  to  bring  the  full  power  of  our  muscles  into  action,  vc 
quite  involuntarily  bring  them  beforehand  into  a  condition  of  the  greatest  tension, 
as  a  muscle  in  (hi^  condition  is  in  the  most  favorable  position  for  doing  voit 
(§300,  I,  3 — Stfiwann),  Conversely,  when  we  execute  delicate  movements  mjoir- 
ing  little  energy,  we  select  a  position  in  which  the  corresponding  muscle  is  already 
shortened. 

All  tbe  fascijc  of  ihe  body  are  connected  with  muscles,  which,  when  they  coolract,  *Uer  ibe  ten- 
sion of  the  former,  so  that  ihey  arc,  in  a  certain  sense,  aponeuroses  or  tendons  of  the  lanmA' 
BardtUben).  [Kor  the  Importance  of  muscular  movements  And  those  of  ihe  fitscix  in  cdoMckw 
with  the  movements  of  the  lymph,  see  \  2oi-j 

307.   GYMNASTICS;    MOTOR    PATHOLOGICAL    VARIATIONS— Gymnulic 

exercise  is  moM  importanl  for  the  proper  Hcvclnpmcnl  of  Ihe  muscle*  and  motor  [■i«cr,  »r«l  U 
ought  to  be  commenced  in  both  kkcs  at  an  early  age.  Sysicmalic  rou&cular  jciivity  inctcJtva  tbe 
Vdhime  of  the  muscles,  and  enables  chem  to  do  more  work.  The  amount  of  blood  i»  incKtirf 
M-iih  increase  in  the  muscular  d-velopmeni,  while  at  the  same  time  the  tioncaand  ligaments  becow 
more  resiMant.  As  the  circulation  is  mox  lively  in  an  active  muscle,  gymnastics  favor  ihc  oftila' 
lion,  and  ought  to  be  practicei.  especially  by  persons  of  sedentary  habits,  wlio  are  apt  lo  ofa 
from  confjeslion  of  the  blood  In  the  abdominal  organs  (if  g,^  hjemorrhoids),  as  it  fiivon  ibc  ob*** 
men!  of  the  tissue  juices  [{  201].  An  active  muscle  also  use*  more  O  and  produces  bumc  OOj.m 
that  rcupiratioii  is  also  excited.  The  total  increase  of  the  metalwlism  gives  rise  to  the  fcetoiel 
weU-beini;  and  v^or,  diminishes  abnormal  irritabiliiy.  and  dispels  the  tendency  lo  fatigue.  TU 
whole  Ixidy  becomes  firmer  amJ  S[)ecirically  heavier  (_/<!;''"■)• 

liy  Ling^'s,  or  the  Swedish  system,  a  sysiemattc  artempt  Is  made  to  stren^hen  certain  «ik 
muscles,  or  groups  of  nuiscles,  whose  weakness  might  lead  to  the  production  of  deformities  T^ex 
muscles  arc  exerci»cd  systcniatically  by  opposing  to  them  resistances,  which  must  either  t«  0"' 
come,  or  against  which  the  patient  must  strive  by  muscular  action. 

Massacre,  which  consists  in  kneadint;,  pressing,  or  rubbing  the  muscles,  favors  the  lilond  ««■»; 
hence,  this  sys'.em  may  be  advantageously  used  for  such  muscles  as  arc  so  weakenetl  by  di5eawthilM 
independent  treatment  b\' means  of  gymnastics  cannot  be  adopte<i.  |^The  importance  of  aumcc 
as  a  restorative  practice  in  getting  rid  of  the  waste  products  of  muscular  activity  faaa  beeo  atieai>f 
referred  to  W  304).     It  is  much  practiced  on  the  Continent.] 

Disturbances  of  the  norma)  movements  may  partly  atTect  the  passive  motor  organs  (''/'•'*' 
bones,  joints,  ligaments,  and  aponeuroses),  or  the  active  oi^ans  imuscles  with  their  tewwiw.i^' 
motor  ncr\"csl. 

Passive  Organs  — Fractures,  caries  and  necrosis,  and  inftammation  of  the  bono,  which  bk« 
movements  painful,  influence  or  even  make  movement  impossible.  Similarly,  diaIocaltoa»,irf*** 
lion  of  the  ligaments,  arthritis,  or  anchylosis  interfere  with  movement.  Also  curvatnre  <A^f^^ 
hyperostosis  or  cxostinis;  lateral  cun-aiure  of  the  vertebral  column  (ScoHosts),  hack  ward  a*!**** 
curvature  (Kyphosis),  or  forward  curvature  (Lordosis).  The  latter  interfere  with  rcsjan** 
In  the  lower  extremities,  which  have  to  carry  the  weight  of  the  bmly,  genu  valgura  may  wf  J^ 
flabby,  tall,  rapidly.gniwing  individuals,  especially  in  some  trades,  e.g.,  bakers  llie  "W"?* 
form,  genu  varum,  is  generally  a  resuh  of  rickets.  Flat  fool  depends  upon  a  depressioa  of  ** 
arch  of  the  foot,  which  then  no  long- r  rests  uprm  its  three  point*  of  suppon.  Its  cjiuses  leoa  tP^ 
similar  to  those  of  genu  valgum.  The  liqaraenls  of  the  small  tarsal  joints  arc  slrciched,  and  tb*  |^ 
axis  of  the  foot  is  usually  directed  ouiwani;  the  inner  margin  of  the  foot  is  more  turned  to  *h»  p^f^ 
while  pain  in  the  foot  and  malleoli  make  walking  and  standing  impossi)>le.  Clul*  fod*  ( '^^^ 
varus)  in  which  the  inner  margin  of  the  foot  is  raised,  and  the  point  of  the  to«  is  directed  i"***^ 
and  downward,  de^iends  upon  imperfect  development  during  ftetal  life.  All  ilnMrcn  ST*  "^ 
with  a  certain  very  slight  degree  of  l:>ending  of  the  foot  in  this  direction.  Talipes  equte^^* 
which  the  toes,  and  T.  calcaneus,  in  which  the  heel  touches  the  ground,  osuaUy  depoiJ  ^^ 
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'  the  muscles  caaslng  these  positions  of  the  foot,  or  upon  panlysts  of  the  uitago- 
iMtc  muscles. 

Rickets  and  Osteomalacia. — If  the  earihy  salt**  he  withbrld  from  the  food,  the  lioncs  gradually 
idergo  a  change;  they  become  thin,  iransluceni,  and  may  even  bend  under  pren-itre.  In  certain 
!ni»tcnt  defects  of  nutrition,  the  lime  salta  of  the  fuod  are  not  Qlttorbcd,  K'^'^K  '''^  ^^  rachitis, 
■rickei&,  in  children.  If  fullv-formed  bone*  lose  their  lime  salts  to  the  extent  of  f^  to  ^  (halis- 
irlaia),  they  become  briiilc  and  soft  (osteomalacia).  This  occurs  m  a  limited  exiem  in  old  age. 
Muscles.  -  The  normml  nutrition  of  muscle  is  inlimatcly  dependent  on  a  proper  supply  of  indiufn 
\loridi  ami  psttash  sai/i  in  the  food,  as  these  form  integral  parts  of  the  muscular  lisKue  {A'ftimeniJi^ 
'9rt'fr\.  Hesides  the  atrophic  changes  which  occur  in  the  muscles  when  these  substances  are 
Uhheld,  there  arc  di-«turbaiices  of  the  ccnlml  itervous  system  and  digestive  apjiaraius,  nnii  ihe 
limals  ultimately  die.  The  condition  of  ihe  muscles  during  inanition  is  given  in  \  237.  If  mus* 
es  and  bones  be  kepi  inactive  they  tend  to  atrophy  {\  244}.  In  atrophic  muscles,  an<l  in  cases  of 
ichylosis,  there  is  an  enormous  increase,  or  "  atrophic  proliferation,"  of  the  muscle  corpuscles, 
hich  takcx  place  ai  the  expense  of  the  contractile  contents  iCoAnAn'/ti).  A  certain  degree  of  mus- 
ilar  atrophy  lakes  place  iu  old  age.  The  uterus,  after  delivery,  undergoes  a  great  decrease  Id 
te  and  weight — from  1000  to  350  grammes — due  chiefly  to  the  diminishei!  blood  supply  to  the 
]fan.  In  chronic  /mJ /oijonirij^,  the  eKtcn^ors  and  interossci  chicfiy  undergo  atrophy.  Atrophy 
id  dcgeneraiian  of  the  mu:icles  are  followed  by  shortening  and  thinning  of  the  bones  to  which  the 
uscles  are  attaclie<l. 

Section  and  paralysis  of  the  motor  nerves  cause  palsy  of  the  muscle,  thus  rendering  them 
■clivc,  and  ihcy  ultimately  degenerate.  Atrophy  also  occurs  after  inHammation  or  softening  of 
e  multipolar  nerve  cells  in  the  amerjor  horn  of  the  gray  muter  of  the  spinal  cord,  or  the  motor 
wUi  (facial,  spinal  accessor^',  and  hyp<^loss«]  of  Stilling  in  the  me<)ulla  oblongata),  in  the  muscles 
nnectcd  with  these  parts.  Rapid  atrophy  takes  place  in  certain  forms  of  spinal  pnraly.sis  and  in 
tite  bulbar  paralysis  {paralysis  of  the  medulla  oblongata),  and  in  a  chronic  form  in  progrewttve 
iMcuIar  atrophy  and  progressive  bulbar  paralysis.  The  muscles  and  their  nerves  become  small 
d  soft.  The  muscles  show  many  nuclei,  the  sarcous  substance  becomes  fatty  and  ultimately  dis- 
pears.  According  to  C'barcot,  these  areas  are  ai  the  same  time  the  trophic  centres  for  the  nerves 
acceding  from  ihcm  as  well  as  for  the  muscles  belonging  to  them.  According  to  Friedreich,  the 
imary  lesion  in  progressive  muscular  atrophy  i&  in  the  muscles,  and  is  due  to  a  primary  interstitial 
Jammation  of  the  muscle,  resulting  in  atrophy  and  degenerative  changes,  while  the  nerve  centres 
e  affected  secondarily,  just  as  after  amputation  of  a  limb  the  corresponding  part  of  the  spinal  cord 
geoerutcs. 

In  pseud o- hypertrophic  muscular  atrophy  the  muscular  Hbres  atrophy  completely,  with 
pious  develo|)ment  of  fat  and  connective  titoue  between  the  fibres,  without  the  iiurvcs  or  "-pinal 
rd  undergoing  dcgcncralinn.  The  muscular  subslarce  may  also  undergo  amyloid  or  uuis  like 
generation,  whereby  the  amyloid  substiiiice  infiltrates  the  tissue  \\  249,  VI).  Sometimes  atrophic 
ucles  have  a  lierp-hnm-n  color,  due  to  a  change  of  the  haemtiglobin  of  the  muscle.  When  muscles 
B  muck  used,  they  hypertrophy,  as  the  heart  in  certain  ca-ses  of  valvular  lesion  or  obstruction 
49).  the  bladder  and  intestine.  [In  true  hypertrophy  there  is  an  increa.sed  number  or  increase 
the  size  of  its  limue  elements,  throughout  the  entire  tissue  or  organ,  without  any  dc[)Oiit  of  a 
reign  body.  Perhaps,  in  hypertrophy  of  the  bladder,  the  thickened  muscular  coat  not  only  serves 
overcome  resistance,  but  it  offers  greater  resi.Mance  to  bur^ting  under  ihe  increased  intravesical 
esjnire.  Mere  enlargement  is  not  hy|)ertrophy,  for  this  may  be  brought  about  by  foreign  ele> 
ents.  In  atrophy  there  is  a  diminution  in  size  ur  bulk,  even  when  the  blood  stream  is  kept  up, 
e  decrease  t>eing  due  lo  pressure.  An  atrophied  organ  may  be  even  enlarged,  as  seen  in  pseudo- 
penrnphic  paralysis,  where  the  muscles  are  larger,  owing  lo  the  interstitial  growth  of  fatty  and 
nnective  tissue,  while  the  true  muscular  tissue  it*  diminished  and  truly  atrophied.] 

308.  STANDING. — The  act  of  standing  is  accomplished  by  muscular  action, 
id  is  the  vertical  position  of  etiuihbrium  of  the  hody,  in  which  a  line  drawn  from 
le  centre  of  gravity  of  the  body  falls  within  the  area  of  both  feet  placed  upon 
ic  ground.  In  the  military  attitude  the  muscles  act  in  two  directions — (i)to 
c  the  jointed  body,  as  it  were,  into  one  unbending  column  ;  and  (2)  in  case  of 
variation  of  the  equilibrium,  to  compensate,  by  muscular  action,  for  the  dis- 
irbance  of  the  equiltbrium. 

The  following  individual  motor  acts  occur  in  .itantling: — 

1.  The  fixation  of  the  head  upon  the  vertebral  column.  Tlie  occiput  maybe  moved  in  various 
reciionx  upon  the  .itlas,  u  in  the  acts  of  Hodding.  As  the  long  arm  of  the  lever  lies  in  front  of 
e  atlas,  necesarily  when  the  muscles  of  ihe  biick  of  the  neck  relax,  as  in  sleep  or  death,  tlie  chin 
III  upon  the  breast.  The  strong  neck  muscles,  which  pull  from  the  vertebral  column  upon  Ihe 
ciput,  fix  the  head  in  a  firm  position  on  the  vertebral  column.  The  chief  rotatory  movement  of 
e  head  on  a  vertical  axis  occurs  round  the  odontoid  processor  the  axis.  The  articular  surfaces  on 
e  pedicles,  ar.d  part  of  the  bodies  of  the  1st  and  2d  verlebrx,  are  convex  toward  each  other  in  the 
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middle^  becoming  somewhat  lower  in  front  and  behind,  !io  that  the  head  is  htctest  intliema 
posture.  Hence,  when  the  head  is  grenily  r(»taied.  compre&>tDn  of  the  medulla  ohlongau  li  pv 
vented  {I/fntf\.  In  standing,  these  muscles  du  not  re(|uire  to  lie  &xcd  by  muACulof  action,  m  id 
itMatioti  can  take  place  when  the  nccic  muscles  are  at  re.tt. 

'   3.  Fix  Vertebral  Column.— *l'hc  veTicbmt  column  itulf  mud  be  fixed,  etfwcully  wben  I  H 
most  mot>ile,  i.  e.,  in  the  cervical  and  lambar  regions.     This  i*  brought  about  by  ihe  ttrune 
fituate  in  these  regions,  e.  £.,  the  cervical  »pina]  muscles,  Kxtensor  Jorti  <ommHHit  and 
lumborum. 

Mobility  of  the  Vet^ebra. — The  least  movable  vertebrx  arc  the  3d  lo  the  6th  dotMl;  (he 
sacrum  is  quite  immovAhle.  For  a  certain  length  of  the  column,  the  mobility  depends  «n  n.\\x 
number  ami  height  of  the  Interanicular  fibro-cartilages.  They  arc  must  numcr^jus  in  the  rwct. 
thickest  in  the  lumbar  region,  and  relatively  also  in  the  lower  cervical  region.  Tlicy  jiennti  nu^e 
ment  to  take  place  in  e*ery  direction.  Cojlectively,  llie  interarticular  disks  form  one  fourth  0*  Ute 
height  of  the  whole  vertebral  column.  They  are  comprcs&ed  s^imcwhat  by  the  pressure  of  the  \xA\  \ 
hence  Ihe  body  is  longest  in  the  morning  and  after  lying  in  the  bnrt/xinul  position.  The  uullcr 
periphery  of  the  bodies  of  the  cervical  vcitebne  favori  the  mobility  of  these  vertebra:  comparciivDli 
the  larger  lower  ones,  (d)  The  position  of  the  processes  also  iniluences  greatly  the  rooliilily  Tlw 
strongly -depressed  spines  of  the  dorsal  region  hinder  hypercwlenMon.  l"he  articular  pir-cewi  >  n 
the  cervical  vertebne  are  so  placed  that  their  surfaces  look  ohli'juely  from  V-eforc  and  apvsrl,  hBck 
ward  nnd  downward ;  this  permits  relatively  free  rpuvtment.  r<»tati'in.  lateral  and  noddinc  nnr 
mcnls.  In  the  dorsal  regir-n  the  articular  surfaces  arc  directc<I  vertically  and  directly  loihcfiiflii. 
the  lower  directly  backward ;  in  the  lumbnr  region  the  position  of  the  articular  procenctiftilii'^ 
completely  vertical  and  anleio-ixMterior.  In  bending  liackward  ns  far  as  pouible.  Ihe  noct  noWe 
parts  nf  the  column  arc  the  lower  cervical  vertebrie,  the  I  Ith  donal  to  the  ad  Innliftr  and  the  kmr 
two  lumbar  vertebrr  {E,  II.  Wehtr), 

3.  The  centre  of  gravity  of  the  hca<l,  trunk  and  arms,  when  fixed  u  above,  lie*  in  front  d  Ae 
loth  dorsal  ve-nebra.  It  lies  further  forward,  in  a  hnrirontal  plane,  pafc!>ing  ihnm^h  the  itph""I 
procesi  \^W€her\,  the  greater  ihe  distention  of  ihc  abdomen  by  food,  fat  or  pregnancy.  A  I'M 
drawn  vertically  downward  from  the  centre  of  gravity  pasMS  bthind  the  line  uniting  both  hi;i  pw 
Hence,  the  trunk  would  fall  backward  on  the  hip  joint,  were  it  not  prevented  partly  by  lij^imflit* 
and  partly  by  muscles.  The  former  are  represented  liy  the  ileu-fcmoral  baml  and  the  atilrrti<*  tnM 
Inyer  of  the  fi^ia  lata.  As  ligaments  alone,  however,  never  resist  permanent  traction.  tl;<'i  >•« 
aided,  especially  l>y  Ihe  ilco-psoas  muscle  inserted  int  >  the  small  tmchanier,  and  in  |»rt.  att- 
rectus  femoris.  I>alcral  movement  at  the  hip  joint,  whereby  the  one  limh  mtisl  be  abduct^ 
other  adducted,  is  prevented  especially  by  the  large  mass  of  the  glutei.  When  the  leg  i*e(iin-e:. 
the  ileofemoral  ligament,  aided  by  the  fascia  lata,  prevent?  adduction. 

4.  The  rigid  part  of  the  body,  head  and  trunk,  with  the  arms  ond  the  legs,  whose  centre  0* 
eravity  Iie«  lower  and  only  a  little  in  front,  so  that  the  vertical  line  drawn  dowawjrd  ir,(en«ii  « 
line  conneaing  the  posterior  surfaces  of  the  knee  joints,  must  now  be  fixed  at  the  knee  joint  f  «iiioe 
backward  is  prevented  by  a  slight  action  of  the  ((uad-ireps  fernoris.  aided  by  the  irnsion  of  the  fi-^ii 
latn.  Indirectly  it  is  aided  also  by  the  ilco.femoral  ligament.  Lateral  movcn  ent  of  the  kOT<  * 
prevented  by  the  disposition  of  the  strong  lateral  ligaments.  Rotation  cannot  take  place  at  the  '^'^'^ 
joint  in  the  extended  position  {\  305,  I,  3). 

5.  A  line  drawn  downward  from  the  centre  of  graviiy  of  the  whole  body,  which  lies  io  the  fw- 
monotory,  falls  slightly  in  front  of  a  line  between  the  two  ankle  joints.  Hence,  the  body  «o*>* 
fall  ^runjn/ on  Ihc  latter  joint,  lliis  is  prevented  especially  by  the  muscles  of  the  calf,  lidldlT 
the  muscles  of  the  deep  layer  of  the  leg  (tibialis  posticus,  flexors  of  the  toes,  peroncus  loiip»*  * 
hrevis). 

Other  Factors.— (rj)  As  the  long  axi*  of  the  foot  forms  with  (he  leg  an  angle  of  50^,  f*l"^ 
forward  can  only  occur  after  the  feet  are  in  a  position  more  nearly  parallel  with  their  long  •****!j 
The  form  of  the  articular  surfaces  helps,  as  the  anterior  broati  j»art  of  the  astragalus  must  be  pr^**^ 
between  the  two  malleoli.     The  latter  mechanism  cannot  l>e  of  much  im)>ortancc. 

6.  The  metatarsus  and  phalanges  are  united  by  tense  lieaments  to  form  the  arch  of  the  \ 
which  touches  tlic  ground  at  three  points— tuber  calcanct  fhcel),  the  head  of  the  ftr«  *"****^v| 
bone  (ball  of  the  great  toe),  and  of  the  fifth  toe.  Iletween  tnc  latter  two  points  the  heads  ^►^^^ 
metataraat  bones  also  form  points  oi  supports.  The  weight  of  the  body  is  transmitted  to  Ihe  hi^KTl 
part  of  the  arch  of  the  fofJl,  the  caput  tali.  The  arching  of  the  foot  is  fixed  only  by  ligamenit-  ^ 
toes  play  no  [lan  in  standing,  although,  when  moved  by  iheir  muscles,  they  greatly  aid  thebita  ^C'^ 
of  the  iHidy.     I'he  maintenance  of  the  erect  altitude  fatigues  one  mon;  rapidly  than  walking. 

309.  SITTING  — Sitting  is  that  position  of  equitilniura  whereby  the  body  is  si^patie«l< 
tubera  ischii,  on  which  a  too-and-fro  movement  may  take  place  \H.  v.  Mtyrr).     The  hca 
trunk  together  arc  made  rigid  to  form  an  immovable  column,  as  in  standing.     We  miydiali 
— (i)  the  forward  posture,  in  which  the  line  of  gravity  passes  in  front  of  the  tubera  1 
body  being  supponcd  cither  against  a  fixed  object,  t.  g.,  by  means  of  the  arm  on  a  table. 
Ihe  up)>er  surface  of  the  thigh.     (2)  The  backward  posture,  in  which  Ihe  hne  of  gni..^^^ 
behind  the  tubera.     A  person  is  prevented  from  falling  backward  either  by  Icamng  on  a  siippC)^' 
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Hinter  weight  of  the  legs  kept  extended  by  tnusmlar  action,  whereby  the  Mcrum  formi  an 
il  point  of  Mippon,  while  the  trunk  is  fixed  uu  the  thigh  by  the  ileopsoas  an<l  rectus  fcmorii, 
ring  lte|il  extended  by  the  extensor  quadriceps.  Usually  the  centre  of  gravity  is  so  placed 
beef  also  acts  as  a  point  of  support.  The  lauer  suting  poAiure  is,  of  course,  not  suited  for 
be  muAcles  of  the  lower  bmbs.  (3)  When  ''sitting  erect"  the  Une  of  gravity  falU 
the  lulem  theniMlves.  The  muscles  of  the  legs  are  relaxed,  the  rigid  trunk  only  requires 
ince<)  by  slight  muscular  action.  Usually  ihe  balancing  of  the  head  is  sufficient  to  main- 
^]uilit>riiim. 

VVALKING,  RUNNING.  AND  SPRINGING.— By  the  term 
Ig  is  understood  progression  in  a  forward  horizontal  direction  with  the 
»ssible  muscular  exertion,  due  to  the  alternate  activity  of  the  two  legs. 

jds.— The  Brothers  Weber  were  the  first  to  analyze  the  various  positions  of  the  l>ody  in 
running,  and  springing,  and  they  represented  them  in  a  coii/inuous  sfrifs,  which  represents 
!5sive  phases  of  locumuUon.  These  phases  may  be  examined  with  the  zoctropc  {^  398,  3). 
rtimated  the  time  relations  of  the  individual  acts,  hy  trinsferring  the  movements  by  means 
f  tambuupi  to  a  recording  surface.  Kecently.  by  means  of  a  revolving  camera,  he  has  suc- 
I  photoeraphing,  in  instantaneous  pictures  (xo'os  second),  the  whole  scries  of  acts.  Of 
b  series,  when  placed  in  the  zoctrope,  represents  tiie  natural  movements.  Figs.  316,  317, 
•sent  these  acts. 

liking,  the  legs  are  active  alternately;  while  one — the  "  siipixjrting  "  or 
s"  leg — carneii  the  trunk,  the  other  is  "inactive"  or  ''passive."     Eich 
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talking.     The  thick  line*  repretent  the  active,  the  tKin  the  pfttttve  lc][  ;  h,  the  hi[>  jnlni  ;  k,  »,  knee  i  /,  h, 
■nklci  Cfd,  beel;  »tyt,\aXi,fA  the  tATM-metaUrftal  joints:   x,/',  point  of  great  toe 

Iternately  in  an  active  and  a  passive  phase.  Walking  may  be  divided  into 
owing  movements;  — 

C  (Fig.  315,  2). — The  aetive  leg  is  vertical,  slightly  flexed  at  the  knee,  and  it  alone  supports 
e  of  gravity  of  the  body.  The  passive  leg  is  completely  extended,  atid  touches  the  ground 
I  the  lip  of  the  great  toe  (i).  This  position  of  the  leg  corresponds  to  a  right-angled  tri- 
which  the  active  leg  and  the  ground  form  two  sides,  while  the  passive  leg  is  the  hypo- 

(K. — For  the  forward  movement  of  the  trunk,  the  active  leg  is  inclined  slightly  from  its 
position  (cattiettut)  to  an  oblitjue  and  more  forward  (hypotenuse)  {x^sttion  {3).  In  order 
rank  niny  remain  at  the  same  height,  it  is  necessary  that  the  active  leg  be  lengthened.  This 
>lished  by  completely  extending  the  knee  (3,  4,  5J,  as  well  as  by  lifting  the  heel  from  the 
4i  5)1  so  ihat  the  foot  re^s  on  die  balls  or  the  beads  of  the  metatarsal  bones,  and  lastly,  by 
it  on  the  potnt  of  the  great  toe  (2,  thin  line).  During  the  extension  nnd  forward  move- 
the  active  leg,  the  tip«  of  the  toes  of  the  [lassivc  leg  have  left  (he  ground  (3).  It  is  slightly 
Ihe  knee  joint  (owing  to  the  shortening),  it  performs  a  "  pendulum-like  movement  "  (4,5), 
Us  fool  is  moved  as  far  in  fruni  of  the  active  leg  as  it  was  formerly  behind  it.  The  foot  is 
cd  flat  upon  the  ground  (i,  2,  tiiick  lines);  the  centre  of  gravity  is  now  transferred  to  this 
;,  which,  at  the  same  time,  is  slightly  llcxod  at  the  knee,  and  placed  vertically.  The  hrst 
n  rej-ieated, 

tancoua  Movements  of  the  Trunk. — During  walking  the  trunk  performs  certain  chnr* 
iDOvements.     ( 1 }  It  leans  every  time  toward  the  active  leg,  owing  to  the  traction  of  the 
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glalei  and  the  tensor  raKttv  Unc,  lo  thu  the  centre  of  |rravity  is  nmvcd.  wbich,  in  short,  tMi)  f«^ 
nons  with  a  broad  pelvis,  leads  lo  llieir  "  waddlinf;  "  K*il.  (2)  The  tninlt,  especially  dantf  nfid 
walking,  ii  inclined  slijihtly  forward  to  overcome  the  restMaoce  of  the  air.  (j)  l>annj*  die  "pi 
duIum-Tike  action,"  (he  irunk  rotate*  &lighlly  ou  the  head  of  the  active  femur.  Thu  rouiKuiii 
compenxaied,  especially  in  rapid  walkto^,  by  the  ami  of  the  tanic  side  ■»  the  oacillalitii:  leg  Miar^C 
in  the  opposite  direction,  while  that  on  the  other  Ude  at  the  wine  time  swing*  in  the  kaou  diredna 
AS  the  oscillating  Itmb. 

Modifying  Conditions  :  i.   TAr  Dum/im  t<f  (he  SUp. — As  the  rapidity  of  the  vilwtioool  a 
pen<luluin  (It^  >  depends  uixin  ils^  U-ngtIi,  it  is  evident  that  each  iitdividuul.  according  to  the  hnfib 
of  his  legs,  must  have  a  certain  natural  rale  rtf  walking      The  "  JurnttdH  ./  *%  tiff  "  't-.-t-n  ••r 
upon  the  lime  during  which  both  feet  loach  the  ground  simultnitcnuitly,  which,  d   ' 
altered  voluDtorily.     When  "  walking  rapidly  "  the  time  =  O,  i.e.,  at  ihc  same  ot 
the  active  leg  reaches  the  ground,  the  pos&ive  leg  is  raised.     2.   7Af  l.fni'fi  •/  M/ 
about  6  lo  7  decimetres  [33  to  27  inches]  ( I'iervrdf)  must  be  greater,  the  more  llu 
hyfxitenuse  of  the  pa«ive  leg  exceeds  the  catherus  of  the  active  one.     Hence,  during  a  ! 
the  active  leg  is  greatly  shortened  (by  flexion  of  the  knee),  so  thai  the  trunk  is  pulled  •'- 
Similarly,  long  tegs  can  make  linger  steps. 

According  to  Marey  and  others  the  pendulum  movemetit  of  the  pa»«ivc  leg  it  not  s  tme  p** 
dulum  muvcraeni,  becauK  its  muvcmeni,  awing  to  muscular  action,  u  of  more  uniform  *apid^^ 
During  the  pendulum  movcmetu  of  the  whole  limb,  the  leg  vibrate*  by  ilielf  at  the  Itnet  i^^ 
i^J.uCit,  II.  Vurordt). 

Fixation  of  the  Femur.— According  to  Ed.  and   W.   Weber,  the  head  of  the  femur  of  i^ 
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B*cs  4>l  tlow  walkinf.     ItiMantaocouft  phijtos'^l'^  yM^trty).  only  the  tide  directed  t 
the  vertlot  (K>ftHi'>n  of  ihc  Hiiht,  active  te^,  1  li.  all  itie  pliNic*  '>f  ihi*  kg  are    ". 
VI),  while  after  VI  ihe  veriiu»l  F>Ln<iiun  it  T(rg;iincu.     1  he  Af*b.c  ouincrBi*  iinl< 
of  the  corre«(>ondiits  kfi  lex.  ihiis  1  —  l.a*  II,  etc,  to  tliai  durti^  the  p(»iU<. 
ftsmc  lime  the  left  leg  hu  tlie  po«iiloii  «c  1. 


\\   ol   the   r.ghi  hf.  ji  t%^^ 


passive  leg  Js  fixed  in  its  socket  chiefly  by  the  atmospheric  prcsKure,  so  that  no  muscular  aciiea  1 
necessary  fur  carrying  the  whole  limb.      If  all  the  muscles  and  the  capsule  be  dtwi«lr.i    ii.^  f...  ... 

the  femur  still  remains  in  the  cotyloid  cavity.     Rose  refer*  this  condition  not  lo  t(. 
atmospheric  pressure,  Init  to  two  adhesion  surGiccs  united  by  means  of  synovia.     The  - 
Aeby  show  ibnt  not  only  the  weight  of  the  limb  is  supported  by  the  atmosftberiL,  \utamM%,iJa 
that  Che   latter  can  support  several   time*  it5  weight.      When  traction  is  cicne*)  onibellBb,tW 
margins  of  the  cotyloid   ligament  of  the  cotyloid  cavity  are  applied  like  a  vulve  ti^hllj  m  i-i 
margin  of  the  cartilayc  of  the  head  of  the  femur.     According  to  the  Brother*  Wel^«f,  ihc  Icf  6 
from  its  socket  as  soon  as  air  is  admitted  by  making  a  perforation  into  the  articular  cavity 

Work  done   during   Walking.— Marty  and    I>emcry  estimate  ibc   amount   done  by  a  n: 
weighing  64  kilos,  [to  stones],  when  walking  slowly,  as  =  6  kdugrammetns  i»er  secood;  i*i 
running^    56  kilot^ramineties.     The  work  done  is  due  to  the  rnising  of  the  entire  My  ""^ 
cxlreroitie*,  to  the  velocity  communicated  to  tlie  body,  as  well  a*  to  the  maintenance  of  the  a*"' 
of  gravity. 

In  Bpring^ing  or  leaping  the  body  »  rapidly  projected  upward  by  the  greaicsi  poaaiblc  wd  ■" 
rapid  contraction  of  ihe  leg  muscles,  while  at  the  same  time  the  cenlrc  of  gravity  f»  maittsiaed  '' 
other  mu-icular  acts  (Kig.  318). 

The  pressure  u|xm  the  sole  of  the  fool  in  walking  is  distributed  in  the  following  matknen  Tk: 
•uppotltng  leg  always  presses  mure  strongly  on  llie  ground  than  the  other ;  the  lunger  thr  lUp  **• 
greater  the  prenure.  The  heel  receives  the  maximum  amount  of  pressure  sooner  than  tfct  I*"* 
of  the  foot  (Carlft). 


A 


nning  is  distinguished  from  rapid  walking  by  the  fact  that,  al  a  particular 
lent,  both  legs  do  not  touch  ihe  ground,  so  that  the  body  is  raised  in  the  air. 
active  leg,  as  it  is  forcibly  extended  from  a  flexed  position,  gives  the  body 
necessary  impetus  (Fig.  317). 

Fio.  317. 
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phoiograph  of  a  runner  (Murfy).     Ten  piftumv  per  »cco«id.     The  abtcitMi  iiidlciitai  the  length  of  ilw 
ticp  ia  metres. 


Ihological. — Variations  of  the  walking  moveinenU  depcn<]  primarily  upon  di&eases  of  bonci, 
nts  init^cle^,  and  lendons,  and  .ilsn  upon  atfeciions  of  the  moior  nf  rvcs.     The  effect  of  iten- 
es  and  the  reHcx  mechanism  of  the  spnal  cntd,  and  bI»o  of  the  muscular  smse  on  walk 
Kated  in  ^  J5^.  3^*0,  430. 

.  COMPARATIVE.— The  absolute  muscular  force  in  animals  19  nui,  as  a  rule,  much 


Tig.  318. 
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H  k-ili.  Inu^tnr.-incniM  photograph  l.\t>trfV}.  The  pictured  parlly  ovcilap  each  other,  m  toon  :k»  ihe  velocity  ol 
ihe  forwa«l  m<ivemen«  on  (he  'lc«cem  dimtni^c*  tder  «prinj|lng  In  the  left-hand  comer  La  the  dial  plxte,  lb* 
ndiuk  of  which  movej  unc  divikioi)  in  |^  tccond.    *]'bc  nb«cU»B  indicates  the  di«*iince  In  mctm. 

Erent  from  man.  The  great  motor  power  exerted  by  animals  results  fram  ihc  thickness  and 
abcr  of  the  muscles,  as  well  as  from  the  dllTercnt  arrangement  of  the  levers  and  the  action  of 
iCles  on  ibem.  Insects  particularly  cxett  a  large  amuiint  of  force ;  some  insects  can  dr^  a  bodjr 
y-scven  limes  their  own  weight;  a  hone  scarcely  its  own  weight.  A  man  pressing  upon  a 
amomctcr  with  one  hand  exerts  pressure  :=  o  70  times  his  own  weight,  while  a  dog  in  lirting 
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its  lower  jaw  exerts  8.3  times.     A  crab  bjr  closing  its  pincers  2S.5  times.     A  masael  on  do«^j|» 
shell  182  times  Its  bo<ly  weight  (Pinte<tu). 

In  mKcnmals  stantling  is  much  more  easy,  as  Ihejr  have  four  supporting  surfaces.  The  spiv- 
ing  animals  have  a  sittint;  attitude,  white  the  toil  is  often  oscd  as  a  suppan  (kangaroo,  hikW). 
In  birds  there  is  a  mechanical  arrangement  by  which,  while  perching,  the  lenHons  are  ti)nti\ 
hence,  a  bird  while  sleeping  can  still  retain  it^  hold  (Cuvtrr).  In  the  sinrk  and  crane,  which  taa^ 
for  a  long  time  on  one  let;,  this  act  is  unaccompanteu  by  muscular  action,  as  the  libU  i»  I'tud  br 
means  uf  a  process  which  tits  into  a  depression  uf  the  articular  surface  cff  the  femur. 

In  walking'  we  distmgatsh  in  mammals  the  step  (le  pas) — the  four  fcrt  are  generally  moved  ii 
four  tempo,  and  usually  diagonally,  r.^.,  in  the  hgrse  right  fore,  left  hind;  left  fore,  rl^bt  btud. 
[The  camel  is  an  exception— it  moves  the  fore  and  hind  limbs  simultaneously  on  each  *itle  ]  la 
trotting  this  movement  is  accelerated  ;  the  two  limbs  in  a  diagonal  direction  lift  together,  $«  ihn 
only  two  hoof  soiuids  are  heard,  while,  at  the  same  lime,  the  Iwdy  is  raised  more  in  die  air.  Dar- 
ing the  interval  between  two  hoof  beats  the  body  is  free  in  the  air,  all  the  limbs  having  M  tht 
ground.  Strictly  speaking,  the  fore  limb  leaves  the  ground  slightly  sooner  than  the  hind  ocw  Tbt 
gallop. — When  a  (right)  galloping  hors^:  moves  in  the  air,  the  upper  part  of  its  body  ii  lurlf  hori' 
zuntal;  when  it  touches  the  ground,  the  left  hind  foot  is  the  Hni  to  touch  the  ground.  SImiIt 
thereafter,  (he  left  fore  leg  and  right  hind  foot  touch  the  ground,  while  the  right  fore  leg  has  aot  }it 
rcacheti  tlic  ground  and  is  directed  forward.  The  upper  part  of  the  body  still  retains  its  bniioacil 
direction.  When,  however,  a  few  mnmenis  thereafter,  the  left  himi  leg  again  leaves  the  grnud,  i 
is  higher  than  the  fore  leg — simultaneously  the  right  fore  leg  is  thrown  forward  and  lower,  while  (be 
nghi  hind  and  left  fore  leg  are  stretched  to  the  extreme.  Immediately  thereafter,  these  limls  la*c 
the  ground,  while  the  hind  limb  so  far  overtakes  the  fore  limb  that  it  comes  to  He  higher  ihsa  ibc 
latter.  The  body,  therefore,  is  projected  forward  and  downward  undl  the  right  fore  limb,  wlnek 
alone  touches  the  ground,  actively  contracts  and  again  raises  Ihe  tiody  from  tlie  ground.  Wlw 
this  happens,  the  horse  a;;am  Hoats  in  the  air,  its  body  being  directed  horizonully.  The  \iaf%  am 
of  the  horse's  Ixxly  In  galloping  is  placed  oblicguely  to  the  direction  uf  the  movement,  and  IbflaiBf 
a  right  angle.  In  forced  gajloping  ^la  carri^re),  which  is  really  a  sftringing  moveroentT  U»  ifglK 
hind  leg  and  left  fore  leg  do  not  toucn  the  ground  at  the  same  time,  but  the  fonner  docs  so  Boaar. 
The  annble  is  a  modification  of  the  step,  which  consists  in  this,  that  both  feet  on  the  tarn  ale 
move  at  the  same  time  or  shortly  after  each  other  (camel,  giraffe,  elephant).  Marcy  attached  coa 
pressiblc  ampulL-e  under  the  hoof  uf  a  horse,  connecting  them  with  registering  apparatus,  and  th» 
accurately  registered  the  time  relations  of  each  act.  Muybridgc  pholograpbed  the  actioM  of « 
horse  and  the  different  phases  of  the  movement. 

In  snakCB  the  rudder-like  elevation  and  depression  of  the  rilM  causes  the  progrea^Dof  At 
body. 

Swimming  is  an  acquired  art  in  man.  The  speci6c  gravity  of  the  body  is  slightly  greater  ihta 
that  of  ordinary  water,  but  slightly  lighter  than  thai  uf  sea  water.  When  lyniy  ^tutctly  on  iIk 
back,  so  that  only  the  mouth  and  nose  are  at  hut  above  the  water,  vcrj*  slight  movcmenu  if  ^ 
hands  are  necessary  to  keep  a  person  from  sinking.  In  this  position,  progresBion  can  be  accht 
plished  by  extending  and  adducting  the  l^s,  while  ihc  movement  is  accelerateU  by  nuidfr  t^ 
movements  of  the  arms.  .Swimming  belly  downward  is  more  difhcuh,  because  the  bcsil,bcui( 
held  above  the  water,  makes  the  body  specilicalty  heavier.  The  forward  movement  and  ibesd  « 
supporting  the  boity  in  the  water  conMst  of  three  acts:  /i'/j/,  huri/untal,  tudder-likc  movoneaBtrf 
the  extended  arms  from  before  backward,  until  they  reach  the  h'^ri/nnial  position  (forward  W*^ 
ment);  j^tr^rni/,  pressure  of  the  arms  downward,  and  sulnequcni  adiluctiun  of  the  elbow  JDUt  t" 
the  body  (elevation  of  the  body),  together  with  relraction  of  the  estended  legs;  tAira,  pn^ccboi^ 
the  arms,  now  brought  together,  and  at  the  same  time  extension  and  adduction  of  the  l^gs  ofalM|Kly 
backward  and  downward,  thus  causing  elevation  of  the  bo<ly  as  well  as  a  forward  roovemrat.  Too 
rapid  movcmentB  cause  fatigue,  while  the  respirations  must  be  carefully  regulated.  Maaytn^ 
mammalB,  whose  body  is  specifically  lighter  than  water,  can  swim,  cs|*caally  wnh  the  atd  of  (' 
hind  limbs,  while  at  the  same  lime  all  the  legs  being  directed  downward,  an<l  being  sped^csltft 
heaviest  part  of  the  body,  keep  the  trunk  in  the  normal  poieition.  Fiahea  chiefly  use  theit  iiill 
as  a  motor  organ,  which  is  moved  by  powerful  lateral  muscles.  When  the  tail  is  suddenly  niei  " 
it  presHcs  upuu  the  water  and  displaces  it.  Some  tish,  as  the  talmon,  can  lift  their  body  oat  of^ 
water  by  a  blow  of  their  tail  tin.  I'he  dorsal  and  anal  fms  enable  the  animal  to  preseiTC  tbci 
position.  The  pectoral  and  abdominal  6ns  corresponding  to  the  extremities  execute  tlighi 
ments,  especially  upward  and  downward,  which  are  greater  during  sleep.  The  swrininl 
bladder  is  the  homologne  of  the  lung,  and  is  used  for  hydrostatic  pur^tu^es  in  some  Ashes,  aikd 
an  auxiliary  respiratory  organ  in  others,  >'.,^.,  the  dipnoi  (jf  140),  it  is  absent  or  ruittmentary  in  the 
cyclostomnta.  In  swimming  birds,  the  body  is  specihcally  very  much  lighter  than  the  wMer, 
wtiilc  their  feathers  are  lubricated  by  the  oily  secretion  of  the  coccygeal  glands  (j  291).  Ibtir 
feet  are  usually  webbed. 

Flight.— Bats  and  their  allies  are  the  only  flying  mammals.  The  bones  of  the  upper  limb  M4 
phalanges  arc  greatly  elongated,  and  between  thesC  and  the  elongated  hind  limb  (except  the  toot) 
there  is  stretched  a  thin  membrane.  The  membrane  is  moved  by  the  powerful  |>cctunil  muaclcs. 
The  flying  squirrel  has  only  a  duplicaliirc  of  the  skin  stretched  between  Ihe  large  booci  of  the  »• 
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litieSt  which  serves  as  a  parachute  when  (he  animals  spring.  In  birds  the  botiy  is  specifically 
rciy  light;  numerous  air  sacs  in  the  chest  and  belly  communicate  with  the  lungs,  and  with  the 
mvitics  of  most  of  the  Ixmcs  ((|  140).  Tlie  m(Mliticd  upper  cxtrtmilics  are  supported  by  the  cora- 
Kwd  bone  and  the  united  clavicles  or  furcuhini,  and  are  moved  by  (he  powerful  pcctnraJ  muscles 
ittAchcd  ID  the  l^eeled  sternum,  Marey,  by  means  of  his  revolving  photographic  camera,  has 
kiMly/ed  all  the  phaseji  of  flight  in  a  bird. 

[Warner  has  studied  the  movements  of  the  fingers,  and  correlated  these  movementi  with 
hanges  in  the  nerve  centres  in  certain  diseased  condition*.  /. ^.,  chorea.  An  Tndla-rubl>er  tube  is 
ittached  to  each  finger,  and  this  ■*  motor  "  pari  of  the  apparatus  is  connected  with  a  Marey'*  lam- 
lour.  The  several  finger  tubes  are  fixed  to  an  arranpemcrt  not  unlike  a  cricketer's  glove,  mj  thai 
'oluntary  or  involuntary  movements  of  the  fingers  can  be  registered  and  studied.] 

31a.  VOICE  AND  SPEECH,  PHYSICAL  CONSIDERATIONS. 

—The  blast  of  expired  air— and  under  certain  circumstances  the  inspiratory 
)last  also — is  employed  to  throw  the  tense  vocal  cords  into  a  state  of  regular 
ibration,  whereby  a  sound  is  produced.  'ITie  sound  so  produced  is  the  human 
oice. 

The  true  vocal  cords  are  really  elastic  mctiibranous  reeds.  If  a  blast  of  air  be  forcibly  driven 
pward  through  the  partially  closed  glottis,  the  vocal  cords  are  pushed  asunder,  as  the  ehistic  tension 
(the  air  overcomes  the  resistance  of  the  cords.  After  the  escape  of  air  from  below,  the  cords  rapidly 
turn  to  their  former  position,  and  are  attain  pushed  asunder,  and  caused  to  vibrate. 

r.  Thus,  when  a  membrane  vibrates,  the  air  must  he  alternately  condenser)  and  rarefied.  The 
mdensation  and  rarefaction  are  the  chief  cause  of  the  tone  or  note  (as  in  the  siren),  not  io  much 
le  membranes  themselves  (v.  iIflmkottz\. 

2,  The  "air lube"  or  portc  vente,  conducting  the  air  (o  the  membranes  in  man,  is  the  lower 
jrtioa  of  the  larynx,  the  trachea,  and  the  whole  bronchial  system;  the  bellows  is  represent  oil  by 
ic  chest  anil  lungs,  which  are  forcilTly  diminished  in  sii:e  by  the  expiratory  muscles. 

3.  The  caviiiM  which  lie  above  the  membranes  constitute  "  resonators,"  and  consist  of  the  upper 
tri  of  the  larii'nx,  pharynx,  and  alto  of  the  cavities  of  the  nose  and  mouth,  arranged,  as  it  were,  in 
ro  Mories,  the  one  over  the  other,  which  can  be  closed  alternately. 

The  pitch  of  the  tone  produced  liy  a  mcmbranuos  apparatus  depends  upon  the  following 
ctors  1— 

(tr)  On  the  length  of  tlic  elastic  membranes  or  plates.  Tlic  pitch  Is  inversely  proportional  to  the 
ngtb  of  the  elastic  membrane,  i.  e.,  the  shorter  the  membrane  the  higher  the  pitch,  or  the  greater  the 
limber  of  vibrations  per  second.  Hence,  the  pitch  of  a  child's  vocal  cords  (shocterj  is  higher  than 
tat  of  an  adult. 

(4)  The  pitch  of  the  tone  is  directly  proportional  to  the  square  root  of  the  amount  of  the  elas- 
cHy  of  the  elastic  membrane.  In  membranous  reeds,  and  also  with  silk,  it  ii  directly  proportional 
\  the  M^uare  root  of  the  extending  weight,  which  in  the  case  of  the  larynx  is  the  force  of  the  mus- 
les  rendering  the  cords  tense. 

(c)  The  tone  of  membranous  reeds  is  not  only  sirenf^h^ned  by  a  more  powerful  blatt,  as  the 
mplitude  of  the  vibrations  is  increased,  but  the  pitch  i>f  the  tone  may  a/so  he  raited  at  the  same 
me.  because,  owing  to  the  great  amplitude  of  the  vibration,  the  mean  tension  of  the  ela^^ic  mem- 
rane  is  increased. 

{li)  The  supra -laryngeal  cavities,  which  act  as  resonators,  are  inflated  when  the  larynx  is  in 
ction,  BO  that  the  tone  produced  by  these  cavities  is  added  to  and  blended  with  the  sound  of  the 
laitic  membnmes,  whereby  certain  partial  tones  of  the  latter  are  strengthened  (J  4(5).  The  char- 
Cteristic  timbre  of  the  voice  largely  depends  upon  the  form  of  the  resonators. 

{/(  When  vocaliting,  the  strongest  resonance  takes  place  in  lYtt  iiir  trtf'es,  a&  they  contain  com - 
resacd  air.     It  causes  the  vocal  fremitus  which  is  audible  on  placing  the  car  over  the  chest  {\  117, 

). 

( f~\  iVarro^omg  or  diinting  the  glottis  has  no  effect  on  the  pitch  of  the  tone,  only  with  a  wide 
lottis  much  more  air  must  be  dnven  through  it,  which,  of  course,  greatly  incrca-M:;  the  work  of  the 
torax. 

313.  ARRANGEMENT  OF  THE  LARYNX.— I.  The  Cartilages 
,nd  Ligaments  of  the  Larynx. —  Tlie  fundamental  part  of  the  larynx  consists 
f  the  cricoid  cartilage,  whuse  small,  narrow  portion  is  directed  forward  and  the 
road  plate  l>ackward.  The  thyroid  rartilage  articulaies  by  its  inferior  cornu 
rith  the  jx>sterior  lateral  ])orlion  of  the  cricoid.  This  permits  of  the  thyroid  car- 
ilage  rotating  upon  a  horizontal  axis  directed  through  both  of  the  articular  sur- 
ices,  so  that  the  upper  margin  of  the  thyroid  passes  forward  and  downward,  while 
le  joint  is  so  constructed  as  lo  permit  also  of  a  slight  upward,  downward,  for- 
vard,and  backward  movement  of  the  thyroid  upon  the  cricoid  cartilage.  The 
35 
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triangular  arytenoid  cartilages  articulate  at  some  distance  from  the  middle  lioe. 
with  oval,  saddle-like,  articular  surfaces  placed  upon  the  upficr  margin  of  the  pUle 
of  the  cricoid  cartilage.  The  articular  surfaces  i>crmit  two  kinds  of  movements  on 
the  part  of  the  arytenoid  cartilages;  first,  rotation  on  their  base  around  their  vrr- 
tical  long  axis,  whereby  either  the  anterior  angle  or  ^processus  vocalis,  whici^  s 
directed  forward,  is  rotated  outward;  while  the  processus  rouscularis,  which  i* 
directed  outward  and  projects  over  the  margin  of  the  cricoid  cartilage,  is  roi:itfd 
backward  and  inward,  or  conversely.  Further,  the  arytenoids  may  be  slightly  dis 
placed  upon  their  l>ases  either  outward  or  inward. 

The  true  vocal  cords,  or  thvro-arytenoid  ligaments,  are  in  man  abooii; 
roiliimotres,  and   in   women   ii  millimetres  in   length,  and  consist  of  Dutncroui 


Fig.  319. 


Flo.  jjo. 


c 


Fig,  J19. — Larynx  ttom  the  ^wit,  with  ihe  tigamciiH  and  the  ii»entoii«of  the  minclct.     O.  A,. 
Cart  thyrroidcK  ;  Crr/.  I'rjf .,  Corpia    trittceum  :    C  c  .  C^ri  cricoidea  ;  C^r.,  Cart    (r 


o*  hyoMmm  :  C.  ik 


kf^id.  m^a.,  Lisanentuin  th yt«o-ny{4deum  mcditint :  Lif.  tk.-k.  lat.,  Lifan.  thy reo-hyom«win  1 ' 
rrjir.  thyr.  ittj.,  Li^in.  crico-ihyrcoideutn  medinni  ;  /.if.  eric  -IritrM  ,  Ligam.  cri<.o-tracbc«liL .  _',_  _ 
Mute.  *icm<>-ti>didca*  :  Af.  M.-Aki/i/.  ,  MttK.  Uiyrcu-hvoidcii^  ;  M.  tf-tA,,  Muk.  ttcrni>-thyr«oideu» ,  M  >'■• 
M.,  Muic  crico-thyrcoidcu*  F>g  j>o.  — Larynx  from  bchmd  ^fict  rcmnral  of  the  musclrv,  B  ,  r|itt.V 1 1 
Cii»hi0(t  [W)  ;  £.  ••r.-//.,  Li|2.  ary-epijtkiltlcuin;  .tf.  «  .  McmhraBJ  mucma:  C  W* ,  Cart.  Wr*»btr«U,  <,'.  S , 
Cart.  Santorini :  C.  « 'j^. ,  Cart,  arytsnoidea  ;  C.  c.  Cart,  cricoidea :  /*.  r»» . ,  PiTK:e»»ui  nuaculartt  id  CaA 
aryueo. ;  /■■  er.-itr.,  Llgam  crioxirytiean. :  C.  *.,  Comu  tuiKriu^  ;  Ci  Comu  tntcriut  Can.  tSiyreoid^  ;  X> 
et.-cr.  /.  /. .  U(.  kcrato-crkokleuin.   post.  inf..    C.  tr.,   Lart.  inchealcsi  P.   m.  tr. 


Pan 


elastic  fibres.  They  arise  close  to  each  other  from  near  the  middle  of  the  inner 
angle  of  the  thyroid  cartilage,  and  are  inserted  each  into  the  anterior  angle  of 
processus  vocalis  of  the  arytenoid  cartilages.  The  ventricles  of  Morgagni 
permit  free  vibration  of  the  true  vocal  cords,  and  separate  Ihcm  from  the  upi^rr  or 
false  cords,  which  consist  of  folds  of  mucous  membrane.  The  false  vocal 
are  not  concerned  in  phonation,  but  the  secretion  of  their  numerous  mucous  gtaiK 
moistens  the  true  vocal  cords. 

The  obliquely  direcletl  under  surface  of  the  vocal  cords  causes  the  cords  to  come  logctbcr  fi 
easily  when  Ihe  glottU  is  narrow  during  respiration  U.^.,  in  Bobliin^).  while  the  clo«w«  iMy 
nude  more  secure  by  reipinition.     The  oppoiiie  is  the  condition  of  the  false  woca]  cords,  wl 
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ley  touch,  are  easily  sepnnileH  during  iniipinition ;   while  during  cxp'iralion,  owbiK  to  the 
iUtation  of  the  ventricles  of  Morgagni,  they  easily  come  together  and  close  ( IVylUe,  L.  BruMlon, 

nJ  Cash). 

II.  Action  of  the  Laryngeal  Muscles. — These  muscles  have  a  double 
inclion  :  i.  One  connected  with  respiration,  in  as  far  as  the  glottis  is  widened 
nd  narrowed  alternately  during  respiration  ;  further,  when  the  glottis  is  firmly 
Losed  by  these  muscles,  the  entrance  of  foreign  substances  into  the  larynx  is 
irevcnteri.  The  glottis  is  closed  immediately  before  the  act  of  coughing  (§  120). 
.  The  laryngeal  niiisrles  give  the  vocal  cords  ihe  proper  tension  and  other 
opditions  for  phonation. 

The  glottis  is  dilated  by  the  action  of  the  posterior  crico-arytenoid 


Fig.  3*1 


Fig.  322. 


If.  jsi.— Larynx  from  behind  wlih  lt»  t«iun:l«.  £.,  Eplcionis,  wilh  ihe  cushion  (W  i ;  C**'.,  Carl.  Wrfabergtl ;  C, 
S-.  Cart.  Sinturiai,  C  e..  Cart,  crkoitlca.  Curnuiup.— Coriiu  inf.  Cart.  ihyfcoide«  :  .V.  ar.  tr,.  Muse  uytv 
nold«u>  trantversm;  Mm.  ar.  ,,^i  .  MuKuUaryuenvidti  obJKjui ;  M.  <r.-Aryt. ptytt.,  Mu«culuicrico-»Tyuen«f- 
dcu<  pcMlicut;  i*%trs  c»rt..  Pan  cartilaitiiica.  /'uri  memb..  Pan  mfmbraTiacea  iracbex.  Kite.  33i.~Ncnrcft  of 
ihe  larynx.  O.  *,.  Oihyoidciim  :  C.  th  ,  t;art.  thyrcaidca  ;  C.  e.,  C*r:.  cricoide*;  TV..  Trachea  ;  ,\f.  lA.-ar., 
M.  thyrco-arjixnoidcus:  M.  rr.-«r  /  ,  M  cric^aryucnoidcuK  potktia;  M  rr.^ir. /.,  M.  rrico-aryRcn.  later- 
■lia  ;  .*/.  er  -th.,  M.  crlco-lhyrcoidcus  ;  N.  Imr.  tup.  v.,  N.  UrvDeeut  tup. ;  A'.  /.,  Ramiu  iniemiu;  A*.  £., 
RaniM  rxt.:  U.  Inr.  rtc.  v.,  N.  bryngcua  recurrens ;  ^.  7.  A'.  Z. /T. ,  RJimui  Ini. : 

^   CJil.  nenri  larxngei  rccurrcnttk  vagi. 


H.  E.  S.  L.  Jt..  Ramus 


niHclcs.  When  they  contract,  they  pull  both  processus  muscnlares  of  the  arytc- 
oid  cartilages  backward,  downward,  and  toward  the  middle  line  f  Fig.  323),  so 
lat  the  proce.s.sus  vocalcs  (I,  I )  must  go  apart  and  upward  ill,  H ).  Thus,  between 
le  vocal  cords  (glottis  vocalis),  as  well  as  between  the  iiiincT  margins  of  the 
rytenoid  cartilages,  a  large  triangular  spact  is  formed  (glottis  respiratoria), 
nd  these  spaces  are  so  arranged  that  their  bases  come  together,  so  that  the  aperture 
etwecn  the  cords  and  the  arytenoid  cartilages  has  a  rhomboidal  form.  Fig.  323 
lows  the  action  of  the  muscles.  The  vocal  cords,  represented  by  lines  converging 
1  front,  arise  from  the  anterior  angle  of  the  arytenoid  cartilages  (I,  I).     When 
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these  cartilages  are  rotated  into  the  position  (II,  11),  the  cords  take  ihepOBtioo 
indicated  by  the  dotted  lines.  The  widening  of  the  respiratory  portion  of  ibc 
glottis  between  the  arytenoid  cartilages  is  also  indicated  in  the  diagram. 

Pathological. — When  these  muKles  axe  paralysed,  tlie  widening  uf  the  gluttU  «loc»  not  Ukt 
place,  and  there  nuy  be  severe  dyspnoea  during  inspiraiion,  although  the  voice  Is  onaJTccted  iJtitgti. 
L.  IVehtry 

a.  The  entrance  to  the  glottis  is  constricted  by  the  arytenoid  muscle 
(transverse),  which  extends  transversely  between  both  outer  surfaces  of  the  aryte- 
noids along  their  whole  length  (Fig,  324).  On  the  posterior  surface  of  this  touscle 
is  placed  the  cross  bundles  (Fig.  321)  of  the  thyro-aryepigloliicus  (or  arytauioidri 
obliqui) ;  they  act  like  the  foregoing.  The  action  of  these  mxjscles  is  indialed 
in  Fig.  324;  the  arrows  point  to  the  line  of  traction. 

Pathological. — Paralysis  of  this  muscle  enfeebles  the  voice  and  makes  U  hoarse,  as  madinr 
escapes  between  the  arytenutd  cartilages  during  phonation. 

3«  In  order  that  the  vocal  cords  be  approximated  to  each  other,  which 


Fig.  yi^. 


Kic  324. 
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Fig.  nj. — Schematic  h«riroo(a1  «cciion  of  the  larj'nx.  1,  Pofttiion  «f  Ide  liorr/'ODtBlly  ilis 
mirtnf  r«M>imii>n;  from  ihelr  anteri'W  proce*-**  nm  ilic  converj^ioi;  vnml  ■  ttI*,  \h 
traction  ailhc  fvttfrii>r  cr  ic^-i  rytt  meiii  m^*c\x^  .  II.  II.  ihc  [M«ilii>n<if  I  lie  .»r\t<-n<iul 
action.  Kig.  334. — Schematic  horijtonul  section  of  the  Uryi)X,  lo  DliiMnir  tti^  .i<  n  r. 
I,  I,  po«Ition  af  the  arytenoid  cartilages  duHng  quiet  mpiraliun  Ihc-iriMWi  i<>  '  ' 
inctMD  of  Ihc  musck  ;  II,  II,  the  pusilion  of  the  aryleii</id  canilafie^  nfirr  ihc  ar)  -m 


wtktkm4 
cuUlfilM 

'<.afthifl» 


occurs  during  phonation,  the  processus  vocales  of  the  arytenoid  cartilages  tntt»t 
be  closely  apposed,  whereby  they  must  be  rotated  inward  and  downward.    Thu 
result  is  brought  about  by  the  processus  musculares  being  moved  in  a  forward  and 
upward  direction  by  the  thyrc-arytenoid  muscles.     These  muscles  are  apiilie« 
to,  and,  in  fact,  are  imbedded  in,  the  substance  of  the  elastic  vocal  cords,  an« 
their  fibres  reach  to   the  external  surface  of  the   arytenoid  cartilages.     ^'^^*\^ 
they  contract,  they  rotate  these  cartilages,  so  that  the  proccssiis  vocales  mi»s* 
rotate   inward.     The  glottis  vocalis  is   thereby  narrowed   to  a  mere  slit  (Fi^ 
326),  whilst  the  glottis  respiratoria  remains  as  a  broad  triangular  o[.>ening.    T 
action  of  these  muscles  is  indicated  in  Fig.  325. 

The  lateral   crico-arytenoid  muscle  is  inserted  into  the  anterior  margin 
the  articular  surface  of  the  arytenoid  cartilage ;  hence,  it  can  only  pull  the  c 
tilage  forward  ;  but  some  have  supposed  it  can  also  rotate  the  arytenoid  carti 
in  a  manner  similar  to  the  thyro-arytenoid  (?),  with  this  difference,  thai  the 
cessus  vocales  do  not  come  so  close  to  each  other. 


Schent  ct  the  cloture  of  the  glottis  by  the  ifiyro^rjrttnaiJ 

musclcft.  I[,  II,  po«ilionof  the  aiywnold  cmnlbgn  during 
quiet  mp^ralion.  The  arrows  intjicate  (he  direction  of  the 
muscular  traction. — 1,  I,  poKlliun  of  the  Arytenoid  carti- 
lAges  Bflcr  the  miaclcs  contract. 


Pathological  — Paraly&is  or  both  thyro-  FiG.  325 

arytenoid  iuu»c)<»  cau»«»  loss  of  voice. 

4.  The  vocal  cords  are  ren- 
dered tense  hy  their  points  of 
attachment  being  removed  from 
each  other  by  the  action  of  muscles. 
The  chief  agent>  in  this  action  are 
the  crico-thyroid  muscles,  which 
pull  the  thyroid  cartilage  forward 
and  downward.  At  the  same  time, 
however,  the  posterior  crico-aryte- 
noids  must  pull  the  arytenoid  carti- 
lages slightly  backward,  and  at  the 
same  time  keep  them  fixed . 

The  geniohyoid  and  thyro-hyoid,  when 
they  conliact,  pull  the  lhyrn:d  upward  nnd 
fuTward  toward  the  chin,  and  also  tend  to 
increase  the  tension  of  the  vocal  cortU  (C 
,\fayer,  Gnitznrr). 

Pathological. —  ['araly.«is  of  the  crico- 
hyroid  causes  the  %'uice  to  1>ecome  harirh 
tnd  deep,  owing  to  the  vocal  cords  not  being  siifficicnlly  teiuc. 

Position  during  Phonation. — The  tension  of  the  vocal  cords  brotight  about 
,n  this  way  is  not  of  itself  suftiirient  for  phonation.  The  triangular  aperture  of 
the  glottis  respiratoria  between  the  arytenoid  cartilages,  produced  by  the  unaided 
iction  of  the  internal  thyro-arytenoid  muscles  (see  3)  must  be  closed  by  the  action 
of  the  transverse  and  oblique  arytenoid  muscles.  The  vocal  cords  themselves 
must  have  a  concave  tiiargin,  which  is  obtained  through  the  action  of  the  crico- 
thyroids and  posterior  crico-arjtenoids,  so  that  the  glottis  vocalis  presents  the 
appearance  of  a  myrtle  leaf  {Henli)^  while  the  rima  glottidis  has  the  form  of  a 
linear  slit  (Fig.  329).  The  contraction  of  the  internal  thyro-arytenoid  converts 
the  concave  margin  of  the  vocal  cords  into  a  straight  margin.  This  muscle  adjusts 
the  delicate  variations  of  tension  of  the  vocal  cords  themselves,  causing,  more 
especially,  snch  variations  as  arc  necessary  for  the  production  of  tones  of  slightly 
different  pilch.  .-Vs  these  mnscles  come  close  to  the  margin  of  the  cords,  and  are 
securely  woven,  as  it  were,  among  the  elastic  fibres  of  which  the  cords  consist, 
they  are  specially  adapted  for  the  above-mentioned  purpose.  When  the  muscles 
contract,  they  give  the  necessary  resistance  to  the  cords,  thus  favoring  their  vibra- 
tion. As  some  of  the  muscular  fibres  end  in  the  elastic  fibres  of  the  cords,  these 
fibres,  when  they  contract,  can  render  certain  parts  of  the  cords  more  tense  than 
others,  and  thus  favor  the  modifications  in  the  formation  of  the  tones.  The 
f<?£»r.f^r  variations  in  the  tension  of  the  vocal  cords  are  produced  by  the  separa- 
tion of  the  thyroid  from  the  arytenoid  cartilages,  while  the  finer  variations  of 
tension  are  produced  by  the  thyro-arytenoid  muscles.  The  value  of  the  elastic 
tissue  of  the  cords  does  not  depend  so  much  upon  its  extensibility  as  upon  its 
property  of  shorlenitig  without  forming  folds  and  creases. 

Pathological. —  In  parnlysiiof  these  maaclts,  the  voice  can  only  be  produced  by  forcible  expira* 
tion,  as  much  air  esca|M:^  through  the  glottis;  the  tones  are  at  the  same  time  deep  and  impure. 
Pualysis  of  the  muscle  of  one  ^ide  causes  flapping  of  the  vocai  cord  on  that  side  \GrrhanU). 

^5.  The  relaxation  of  the  vocal  cords  occurs  spontaneously  when  the 
stretching  forces  cease  to  act  ;  the  elasticity  of  the  displaced  thyroid  and  arytenoid 
cartilages  comes  into  play,  and  restores  them  to  their  original  position.  The 
vocal  cords  are  also  relaxea  by  the  action  of  the  thyro-arytenoid  and  lateral  crico- 
arj'tenoid  muscles. 

It  is  evident  from  the  above  statements  that  tension  of  the  vocal  cords  and 
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narrowing  of  the  glottis  are  necessary  for  phonation.  The  tension  bpro- 
duced  by  ihe  cricoihyroids  and  posterior  crico-arylenoids  ;  the  narrowing  of  ibe 
glottis  respiratoria  by  the  arytenoids,  transverse  and  oblique,  ihe  glottis  \^ii 
being  narrowed  by  the  thyro- arytenoids  and  (?  lateral  cricoarytenoids),  the  fonacr 
musLles  causing  the  cords  themselves  to  l>ecome  tense. 

Nerves  (!i  353,  5).— The  crico-ihyroid  is  supplied  by  the  superior  Itryngal 
branch  of  the  vagus,  which  at  the  same  time  is  the  sensory  nerve  of  the  muccrai 
membrane  of  the  larynx.  All  the  other  intrinsic  muscles  of  the  larynx  ircwj^- 
plied  by  the  inferior  laryngeal. 

Fig.  336. 


obwrving  ihe  potierior  \tAfl  of  Ihe  gidtlis,  aryicnuiit  CArtilaac*.  the  tipper  ■urUtie  nf 
liryfuc  Of  iu  p04iiton  on  ulncnrinf  the  aouhur  aoglc  of  toe  gloitu 
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The  mucous  membrane  of  the  larynx  is  richly  supplied  with  clastic  iilirei.  ami  ao  ii  the  i«V 
mucosa.     The  suh-mucosa  is  more  lax  near  the  enirancr  u»  the  glnitis  ni»»l  in  ihe  vcMhclcs  of  Mw 
giigni,  which  explains  the   enormou.^  swelling  Out  somctitne?  occurs  in  these   ]>Arta    lb  nrJi 
glottidis.    A  (hin,  clear  limiting  membrane  lies  under  the  epilhelium.    The  eptthelium  it 
cylindrical,  and  ciliAied  wiih  iiiiervening  gohlet   cells.     On  (he  true  vocal  cofdt  and    ihc 
surface  of  the  epiglottis,  however,  this  is  replnced  by  stratified  Mjaamous  epuhelium.  which 
ihc  imall  papilLc  of  the  mucous  mj'nbrane.     Numerous  branched   mucouj  r,',9MJr  (xcnr 
cartilages  of  Wrisherg,  the  cushion  or  the  epiglottis,  and  in  the  veniricles  of  Morgagni ;  In 
siluationi,  as  on  the  pmtcnor  surface  of  the  larynx,  the  glands  are  more  scattered.     The' 
vessels  form  a  dense  capillary  plexHi  under  the  membraua  [wopriaurthe  mucQat  nctnbraac 
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*  lhi»,  however,  there  arc  other  two  iitnitn  of  1>Io<k1  vessels.  The  lymphatics  form  a  superficial 
>w  mesh-wor!-:  under  the  Mood  capillaries,  with  a  deeper,  coarser  plexus.  The  inedullated 
'e»  have  gan(;Ii3  in  their  branches,  but  their  mode  of  tcrminatinn  is  unknown.  [\V.  Stirling 
lescribed  a  rich  isuUepithclial  plexus  of  mcdullated  nerve  libreft  on  the  anteriar  surface  of  the 
ottis.  while   he   tinds  that  there  &re  ^angliunic  cells  in  the  course  of  the  superior  laryngeal 

«rtila|fes. — The  thyroid,  cricoid,  and  nearly  the  whole  of  the  arytenoid  cartilaget  consist  of 
iMt  cartilage.  The  two  former  are  jimne  to  ossify.  The  ajiex  and  processus  vocalis  of  the 
;noid  cartilages  consist  oi  yeUi>zv  ^i>ri>  ^artihgf,  and   so  do  all  the  other  canilnges  of  the 

IX. 

tie  larynx  grows  uruil  about  the  sixth  year,  when  it  rests  for  a  time^  but  tt  becomes  again  much 
tr  at  puberty  {\  434). 

!|.  LARYNGOSCOPY.— Historical.— After  Boxzini  (1807)  gave  the  first  impulse  toward 
nve&tigaiion  ot  the  internal  cavities  of  the  body,  by  illuminating  them  with  the  aid  of  mirrors, 
.ngtnn  {1H29)  actually  ohi-erved  the  glottis  in  this  way.  The  famous  jtingcr  Manuel  Garcia 
4)  made  investigations  both  on  himself  and  other  ••ingers,  regarding  the  movements  of  the  vocal 
s,  iluring  respiration  and  phonaiion.  The  examination  of  the  larynx  by  means  of  the  Liryngo- 
c  was  rendered  practicable  chietly  hy  Tiirck  (1S57)  and  Czermak,  the  laiier  olwerver  being  the 
to  use  the  light  of  a  lamp  for  the  illumination  ot  the  larynx.  Rhinoscopy  was  actually  first 
lised  by  Bauui^s  I'^iS^,  but  Czermak  was  the  first  person  who  investigated  this  subject  system* 
tlly. 

,  Fiu.  327. 


J  Mcttiod  of  caamlning   the  larynx. 

I 

*be  Laryngoscope  consists  of  a  small  mirror  fixed  to  a  long  handle,  at  an  angle  of  125°  to 
•  (Fig.  326,  «T, /').  When  the  mouth  is  opened, and  the  tongue  drawn  forward,  the  iriirrur  is  in- 
need,  as  is  shown  in  Fig.  327.  The  po-ition  of  the  mirror  must  be  varictl.  according  to  the 
ion  of  the  larynx  we  wish  lo  examine;  in  some  cases,  the  soft  palate  has  to  be  raised  by  the 
<.  of  the  mirror,  as  in  the  ]]osttion  If.  A  picture  of  the  part  of  the  larynx  examined  is  formed 
tie  small  mirror,  the  rays  of  light  passing  in  the  direction  indicated  by  the  dotted  lines  from  the 
for;  they  are  rcrtectcd  at  the  same  angle  through  the  mouth  into  the  eye  of  the  observer,  who 
•t  place  himself  in  the  direction  of  the  reflected  rays. 

'he  illumination  of  the  larynx  i-*  accomplished  cither  by  means  of  direct  sunlight  or  by  light 
B  an  artilici-il  source, ,-.  ^.,  an  ordinary  Limp,  an  oxybydrogen  lime  light  or  the  clcciric  light. 
i  beam  of  light  impinges  u[H>n  a  ccrtcave  mirror  of  15  lo  20  centimetres  focus,  and  to  centi- 
mes in  width,  and  from  its  surface  the  concentrated  beam  of  light  ii  rejected  through  the  mouth 
he  patient,  and  ciirccictj  upon  the  small  mirror  held  in  the  liack  part  of  the  throat.  The  beam 
ight  is  rctlected  at  the  same  angle  toward  the  larynx  by  the  small  iliroal  mirror,  so  that  the 
nx  is  l>rigbtly  illuminated.  The  observer  hos  now  to  direct  hi*  eye  in  the  some  direction  as  the 
minaiing  rays,  which  can  be  accomplished  by  having  a  hole  in  the  centre  of  the  concave  mirror 
'Ugh  which  the  observer  looks.  Practically,  however,  this  is  unnecessary;  all  thai  is  necessary 
)  fix  the  concave  mirror  to  the  forehead  by  means  of  a  broad  elaMic  band,  so  that  the  observer, 
looking  just  under  the  margin  of  the  concave  mirror,  can  see  the  picture  of  the  larynx  in  the 
dl  throat  mirror  (Fig.  327). 
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In  order  to  examine  the  larynx,  place  ihe  patient  immediately  in  front  of  yon,  and  caiue  bn  u 
open  his  moutli  and  protnifle  his  tongue.  A  lamp  iii  placetl  ol  ihe  side  of  the  head  of  the  f$tieii, 
and  light  from  this  source  is  reflected  from  the  concave  mirror  on  the  obser\*cr'&  forehead,  and  ch 
ccntratcd  upon  the  laryogoscopic  mirror  introduced  into  the  back  part  of  the  throat  of  the  paKU 
(Fig.  327). 

Ocrtcl  was  ahle  by  means  of  a  rapid  intermittent  illuminolion  of  the  Iar)'nx  tV  ■  '  frihowopK 
diiik  lo  study  the  movements  of  the  vocal  conh  directly  with  the  eye.     S»iiii  '  it  1  ptto> 

(ographic  cimcni  in  thr  position  of  (he  eye,  and  phntc^rmphcd  the  mnvrmcnu  i-:  ;■.-.  ■  --^  cordial 
an  aniticini  larynx.     [Ltrown  and  Behnke  have  photograptied  the  human  vocal  cottIs.J 

Laryngeal  Etectrodes. — V.  /iem^>en  showed  that  long,  narrow  electrodes  can  be  iotndiced 
into  the  larynx,  %o  thai  ihe  muscles  can  be  stimulated  and  Ihcir  actions  studied;  while  Koatidl 
finds  that  the  muscles  and  nerves  of  the  ioterior  of  the  larynx  may  be  stimnlaled  by  HimfllitBi 
the  sl^in,  i.c.^  pcrculaneousty.  These  methods  are  used  boUi  for  physiological  and  therapeobai 
purposes. 

The  Picture  of  the  Larynx. — Fig.  328  shows  the  following  structures:  /,., 
the  root  of  the  tongue,  with  the  ligamentum  glosso-epiglotticum  continued  from 
its  middle;  on  each  side  of  the  latter  are  K. K,  the  so-called  vaUeculia.  The 
cpighttis  (£.)  appears  like  an  arched  tipper  lip  ;  under  it,  during  normal  respira- 
tion, the  lancet-shaped  ^/?//r>  (Jf-),  and  on  each  side  of  it  the  /rur  vo^a/conlsdv). 
The  length  of  the  vocal  cord  in  a  child  is  6  to  8  mm.,  in  the  female  10  to  15  mm. 

when   they  are  relaxed,   and    15   (o  30  nam 
Fig.  328.  when  lense.      In    man,  the  length  under  the 

same  conditions  is  15  to  20  mm.  and  »  to 
25  mm.  The  breadth  varies  from  2  to  5  mm 
On  the  external  side  of  each  vocal  cord  t» 
the  entrance  lo  the  sinus  of  Aforj^aj^i  {S.M-), 
represented  as  a  dark  line.  Further  npiranl 
and  more  external  are  (L.v.s.)  the  upper  w 
/a/sir  vocal  cords.  [The  upper  or  false  vocal 
cords  are  red,  the  lower  or  true,  white]  On 
each  side  of  P.  are  (5.5,  J,  the  apices  af  tbc 
carfiiagcs  of  SaHtoriniy  placed  upon  the  apicc* 
of  the  arytenoid  cartilages,  while  imraediitc'T 
behind  is  the  wall  of  the  pharynx,  P-  In  the 
aryteno-cpiglottidean  fold  are  (/f^.  W.)the 
cartilages  of  Wrisbcrgt  while  outside  these  wc 
the  depressions  (6'./.)  constituting  the  Aw 
piriformis. 

During  normal  respiration  the  gMt* 
(Fig.  359;  has  the  form  of  a  lancet-shaped 
slit  between  the  bright,  yellowish-white  vocal  cords.  If  a  deep  inspiration  be 
taken,  the  glottis  is  considerably  widened  (Fig.  330),  and  if  the  mirror  L»e  favor- 
ably adjusted  we  may  see  the  rings  of  the  trachea,  and  even  the  bifitrcation  oflh^ 
trachea  (Fig.  330). 

If  a  high  note  be  uttered,  the  glottis  is  contracted  to  a  very  narrow  aUt  (F1g» 
330)- 


V-      , Ir 


The  Urj'ax,  as  scan  with  the  larynKoccDp«.   L., 
lonsue;  £.,  «pigUiltii :    K.valleculU:    H.. 

tlottit ;  Z.t',  iru*  vuuil  cunlt ;  S  Af.,  I'lnus 
lon^afni;  i,.f.t,,  (aIw  vi>c»1  conU.-  /*,. 
poaUion  0!*  pharynx ;  S.,  cart|[xg«  of  San- 
torinii  ly.,  of  Wriftbert;  Sj.,»iau»  pin- 
tonaet. 


Rhinoicopy. — If  a  small  mirror,  lixed  to  a  hattdic  at  an  an^le  of  100°  to  1 10*'.  be  11 
into  the  pharynx,  a^  shown  in  Mg.  331,  and  if  the  mirror  l>e  directed  upnxtrU,  certain  tfructura  are 
with  difhculiy  rendered  visible  (Fig.  332].  In  the  middle  is  the  septum  narium  (J>'.m.),  and  on 
each  side  of  it  the  long,  oval,  large  posterior  nares  {Ch.),  below  this  the  io/t  f*alatf{i'.m.),  with  tbc 
pendant  uvula  {U.}.  In  the  posterior  riarcsare  the  posterior  extremities  of  the  lower  iC.i.),  middle 
(Cm.),  and  upper  iurbiHarfd  ^*mt  (C.s.).  At  the  upper  part,  a  portion  of  the  roof  of  the  ptiaryiu 
[O.J^.)  it  seen,  with  the  arched  masses  of  adenoid  tissue  lying  Ixtween  the  openings  of  ifcc 
EmtMhian  iuhes  {T.'r.),*.^^  called  by  Luschka  tfae/4tfM-N^<-d//0rtj/7j.  Kstemal  to  iIk  opeMag 
of  Ihe  Eustachian  tube  is  the  tubulnr  tminence  ('Kj.  and  outside  thu  ts  the  groove  of  Pugf 
mUller  (A'.). 

Experiments  on  the  Larynx.  — Ferrein  ({  741),  and,  above  all,  Joh.  MiUlcr  made  experiments 
upon  the  excised  larynx.  A  tracheal  tube  was  tied  into  (he  eactsed  human  larynx,  and  air  was 
blown  through  it,  the  pressure  being  measured  by  means  of  a  mcrctirial  nuuKHncter,  while 


»cal  cords  produce  high  notes.  (S)  If  the  arytenoid  cartilages  are  pressed 
together  by  the  action  of  the  arytenoid  muscles  (transverse  and  oblique),  so  that 
the  vocal  cords  alone  can  vibrate,  while  their  intercarlilaginous  portions  lying 
between   the  processus   vocales   do  not,  the   tone   thereby  produced    is   higher 
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{Gttrn'a).  In  the  production  of  low  notes,  the  vocal  cords,  as  wcU  m 
margins  of  the  arytenoid  cartilages,  vibrate.  At  the  tame  time  the  ipMt 
above  the  entrance  to  the  glottis  is  enlarged  and  the  larynx  becomet  iDorc 
prominent,  {t)  Every  individual  has  a  certain  medium  pitch  of  his  iroice, 
which  corresponds  to  the  smallest  possible  tension  of  the  intrinsic  intucla 
of  the  larynx. 

3.  The  Strength  of  the  Blast. — That  the  strength  of  the  blast  from  bclo» 
raises  the  pitch  of  the  tones  of  the  human  larynx  is  shown  by  tlie  fact  that  tone* 
of  the  highest  pitch  can  only  be  uttered  by  powerful  expiratory  efforts.  Wiih 
tones  of  w^///tt/7i  pitch,  the  pressure  of  the  air  in  the  trachea  is  160  mm.,  with 
Ai^h  pitch  200  mm.,  and  with  irry  h);h  notes  945  mm.,  and  in  u^hisperin^  300111., 
of  water  {Cagmarti-Lafour,  Gruizncr).  These  results  were  obtained  fjom  a  in- 
cheal  fistula. 

Accestory  Phenomena. — The  following  as  yet  but  partially  explained  phenomcfu  are  obiened 
in  connection  with  the  prodaction  of  high  notes:  {a)  As  the  pitch  of  the  note  riscK,  the  iv)uii 
elevated,  partly  because  the  muscles  raiiing  it  arc  active,  partly  liecau&e  the  increued  intra-trtdmi 
pressure  so  lengthens  the  trachea  that  the  larynx  is  thereby  raised;  the  uvula  is  raided  OMmind 
more  {L'tbus).  {i)  The  upper  vocal  cords  approxintDtc  to  each  other  more  and  more,  wTiltotu 
however.  coming  into  cofitact,  or  participating  in  tbe  vibrAtions.  (c)  The  epiglottis  ioclinciBnt 
aod  more  tnckward  over  the  glottis. 


4.  The  falsetto  voice  with  its  soft  timbre  and  the  absence  of  resoniDcein 
the  air  tubes  (pectoral  fremitus)  is  particularly  interesting.  Oertel  obscrvrf 
that  during  the  falsetto  voice  the  vocal  cords  vibrated  so  as  to  form  nodes  icnm 
them,  but  sometimes  there  was  only  one  node,  so  that  the  free  margin  of  the  corf 
and  the  basal  margin  vibrated,  being  separated  from  each  other  by  a  nodal  liar 
(parallel  to  the  margins  of  the  vocal  cord).  During  a  high  falsetto  note,  tbcrt 
may  be  three  such  nodal  lines  parallel  to  each  other.  The  nodal  lines  are  [ko* 
duced  probably  by  a  partial  contraction  of  the  fibres  of  the  thyro-arytenoid  tnBJclf 
(p.  54S),  while  at  the  same  time  the  voral  cords  must  be  reduced  to  as  thin  pUtn 
as  |jossible  by  the  action  of  the  crico-thyroid,  posterior  arytenoid,  thyro*  wJ 
genio-hyoid  vnuscXcs  (Oertri).  The  form  of  the  glottis  is  elliptical,  while  mlt 
the  chest  voice  the  vocal  cords  arc  limited  by  straight  surfaces  (yirA*/!^'.  Oeful , 
the  air  also  passes  tnore   freely  through  the  larynx. 

Oertel  also  foand  thai  during  the  falaelto  voice  the  epiglouis  is  erect.  The  apkes  of  ibe  wrf^- 
noid  cartilages  are  8lt(>ht]]r  inclined  luckwar:!,  the  whole  larynx  i*  larrer  TrtHn  tiefare  backwafil.ib^ 
narrower  from  side  to  side,  the  arycpi^loiiiclean  folils  ore  tense,  with  sharp  margins,  and  the  cnrnac* 
to  The  ventricles  of  Morgagni  is  narrowed.  The  vocal  cords  are  narrower,  the  procesaus  «»*«» 
touch  each  utber.  The  rtHalion  of  the  ar^-tenoid  cartilages  necessary  for  this  is  bruogbl  ahoU  tf 
the  action  of  the  crico  arytenoid  alone,  while  the  thyro  arytenoid  is  to  he  rejpirded  only  as  to  »«o* 
sory  aid.  The  pitch  of  the  note  ts  increased  solely  hjr  incrcised  tension  uf  the  vocal  coria.  '■ 
addition,  there  are  a  number  of  transverse  and  longitmlinal  ^rtial  vibraftoni.  Durin|*  the  CkHl 
voice,  a  smaller  part  of  the  mar};in  vibrates  than  in  the  fabetto  voice,  so  that  in  the  prDdttCVOi  a 
the  latter  we  are  conscious  of  less  muscular  exertion  in  the  larynx.  The  uwla  is  rsiseil  to  the  kn* 
xontal  pootion  [Laiuj). 


Production  of  Voice. — In  order  that  voice  be  produced,  the  following  con- 
ditions are  necessary  :  (i )  The  necessary  amount  of  air  is  collected  in  the  chat; 
(2)  the  larynx  and  its  parts  are  fixed  in  the  proper  position ;  (3)  air  is  then  forcd 
by  an  expiratory  effort  cither  through  the  linear  chink  of  the  closed  glotliv* 
that  the  latter  is  forced  open,  or  at  first  some  air  is  allowed  to  pass  through  ll^ 
glottis  without  producing  a  sound,  but  as  the  blast  of  air  is  strengthened,  tb<voc>l 
cords  are  thrown  into  vibration. 


316.   RANGE  OF  THE  VOICE.— The   range 
chest  notes  is  given  in  the  following  schema: — 


of  the   human  voice  ^ 
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Boprano. 


1024 


171 


Alto. 
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EFO  AH       cdefgah       c' tl'e'f 'jr'a' h'      *  — 


r-J 


c"d"e''f"g"a''h"c' 


80 


Basa. 


342 


128 


Tenor.  612 

The  iccompanying  figures  indicate  the  number  of  vibrations  per  second  in  the  correspondlnB  lone. 
It  is  evident  from  r'  to  f'  is  common  to  all  voices;  ncverthelewf,  they  have  a  riiffercnt  timbre.  The 
lowest  note  or  tone,  which,  however,  is  only  occasionally  song  by  bass  singtrs,  is  the  contra  F,  with 
42  vtbraiions;  the  highest  note  of  the  soprano  voice  is  a'",  with  1708  vibrations. 

Timbre.— The  voice  of  every  individual  has  a  peculiar  quality^  dang  or  timbre^ 
which  depends  upon  the  shape  of  all  the  cavities  connected  with  the  larynx.  In 
the  production  of  nasal  fanrs,  the  air  in  the  nose  is  caused  to  vibrate  strongly,  so 
that  the  entrance  to  the  nares  must  necessarily  be  open. 

317.  SPEECH  — THE  VOWELS.— The  motor  processes  connecled  with 
the  production  of  speech  occur  m  \\\c  resonating  cavities,  the  pharynx, 
mouth  and  cose,  and  are  directed  toward  the  production  of  musical  tones  and 
noises. 

Whispering  and  Audible  Speech. — When  sounds  or  noises  are  produced 
in  the  resonaiing  chambers,  the  larynx  being  passive,  the  vox  clandestina,  or 
whispering,  is  produced ;  when  the  vocal  cords,  however,  vibrate  at  the  same 
time,  '*  audible  speech"  is  produced.  [Whis]icring,  therefore,  is  speech 
without  voice.]  Whispering  may  be  fairly  loud,  but  it  requires  great  exertion. 
/.  dr.,  a  great  expiratory  blast,  for  its  production  ;  hence  it  is  very  fatiguing.  It 
may  be  performed  both  with  inspiration  and  expiration,  while  audible  speech  is 
but  temporary  and  indistinct  if  it  is  produced  during  inspiration.  Whispering  is 
caused  by  the  sound  produced  by  the  air  passing  through  the  moderately-contracted 
rima  glottidis,  and  passing  over  the  obtuse  margin  of  the  cord.  During  the  pro- 
duction of  audibU  sounds,  however,  the  sharp  margins  of  the  vocal  cords  are 
directed  toward  the  air  by  the  position  of  the  processus  vocalcs. 

Daring  speech,  the  soft  palate  is  in  action  ;  at  each  word  it  is  raised,  while,  at  the  same  time, 
Passarant's  transverse  band  is  fonned  in  the  p^harynx  {\  15&)-  The  soft  palate  is  r.ilsed  highrst 
when  u  and  i  are  sounder!,  then  with  c  and  ^,  and  least  with  a.  When  sounding  m  and  n  it  docs 
not  move;  it  is  high  (like  m  during  the  utterance  of  the  explosives.  With  1,  a,  and  especially  with 
the  gtiUcnU  r,  it  exhibits  a  trembling  movement  {^Gentten^  falkion). 

Speech  is  com|X)sed  of  vowels  and  consonants. 

A.  Vowels  (analysis  and  artificial  furniaiion,  ;;4i5). — A.  During  whisper- 
ing, a  vowel  is  the  musical  tone  produced,  either  during  expiration  or  inspiration, 
by  the  inflated  characteristic  form  of  the  month  (Danders),  which  not  only  has  a 
definite ///f"^,  but  also  a  particular  and  characieri.slic //ff/^rc  The  characteristic 
form  of  the  mouth  may  be  called  *'  vmvel  cariiy.^" 

1.  The  pitch  of  the  vowela  may  be  estimated  musically.  It  is  remarkable  that  the  fundamentAl 
tone  of  the  "vowel  civjty  "  is  nearly  constant  at  dilVerent  ages  and  in  ihe  sexes.  The  different 
capacities  of  the  mouth  can  be  compensated  by  different  sixes  of  the  oral  apenure.  The  pitch  of 
Ihe  vowel  cavity  may  be  estimated  by  placing  a  numtter  of  vibraitng  tuning  forks  of  different  pitch 
in  front  of  the  mouth,  and  testing  them  until  we  tind  the  one  which  corresponds  with  the  funda- 
mentftl  tone  of  the  vowel  cavity.  Thi^  is  knmvn  by  the  fact  that  the  tone  of  the  tuning  fork  is 
iitlenflfted  by  the  resonnnct  of  the  air  in  the  mouth  {y.  JftlmkoUz).  or  the  vibrations  may  be  tranN- 
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(cmd  to  a  vibrating  membrane  and  recorde<l  on  a  smoked  snrrAce.  u  in  the  phoiuotofrspli  of 
Dondcn. 

According  to  Konig,  the  fundamental  tones  of  the  vowel  cavity  are  for 
U  ^  b,  O  ^  b'.  A  =  b",  E  =  b"\  I  =  b"". 

If  the  vowels  be  whispered  in  this  series,  we  find  at  once  that  their  pitch  risR. 
The  fundamental  tone  in  the  production  of  a  vowel  may  vary  within  certiin 
limits.  This  may  be  shown  by  giving  the  mouth  the  characteristic  iK»ii!on  and 
then  percussing  the  cheeks  {Augrbach) ;  the  sound  emitted  is  that  of  the  vowel, 
whose  pitch  will  vary  according  to  the  position  of  the  mouth. 

When  sounding  A,  ihe  mouth  has  the  form  of  a  funnel  widening  in  front  (Ftg.  333,  A).  TV 
tongue  lies  tn  the  Hoor  of  the  mouth,  and  Ihe  lips  are  wide  open,  The  soft  plate  ti  molltnuh 
raised  [Czfrmai),  It  is  more  elevated  succesMvely  with  O,  F,  U,  I.  The  hyoid  tiunc  ipfieinMil 
at  rest,  but  the  larynx  is  sli(;>htly  raised.     It  is  higher  ihau  m  ith  U  but  lower  thin  M-ith  I. 

If  we  sound  A  to  I,  the  lar>nx  and  the  hyoiti  ixinc  retain  their  relative  position,  but  boibift 
rait«d.  In  passing  from  A  to  U,  the  lar)TiK  is  depressed  as  far  as  poi*iljlc.  The  byoid  bone  (uwo 
slightly  forward  [BrtitAe].  When  sounding  A,  the  space  between  the  laryni,  posterior  vail  of  th* 
pharynx,  soft  palate,  and  the  root  of  the  tongue,  is  only  moderately  u  ide  ;  it  becomes  wida  with  £. 
and  especially  v»iih  I  {Pur/rinje),  but  it  is  smallest  »-ith  U. 

When  sounding  U  (Kig.  i^^]^  ilic  furm  oF  the  cavity  of  the  mouth  is  like  that  of  a 


// 
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Z,  loaguc  :  /,  toTt  palate  :  r,  cpiKl*illb ;  f.  flotUt;  k.  byold 


Sectloaof  the  {urtt  conccmctl  in  phnnatirm,     Z,  loaguc  :  /,  soft  palate  :  r,  cpi| 
thyroid,  j,  3,  cricoid,  4,  nrytenoid  airtiUse. 

flask  with  a  short,  narrow  neck.  The  whulc  resonance  apparatus  ts  then  longest.  Tk«  ^plflt 
protruded  3!t  far  &*•  possible,  are  arrangeil  in  folds  and  closed,  leaving  only  a  stnall  opeabf.  Tte 
lar^'nx  is  depressed  aa  iar  u  possible,  white  the  root  of  the  tongue  is  approximaled  to  che  jNStcnc* 
margin  of  the  palating  arch. 

When  sounding  O.  the  mouth,  as  in  U,  i^  like  a  wide-hctlied  flask  with  a  short  neck,  boll^ 
hitler  is  shorter  and  wider  as  the  lips  are  nearer  to  the  teeth.  The  larynx  i»  slightly  bigbcr  this 
with  U',  while  the  resonance  chambers  also  arc  shorter  (Fig.  333). 

W^en  sounding  I,  the  cavity  of  the  mouth,  at  the  posterior  part,  is  in  the  form  of  a  sniaJl*)>cii>'^ 
Hask  with  a  lung,  narruw  neck,  uf  which  tlie  l<elly  ha5  the  fundainenta)  tone,  f,  the  neckt^^ 
d'".  The  resonating  chambers  ate  shortest,  as  the  Iar>'nx  is  raised  as  much  a*  |.>o<«ibIe.  »hileti* 
mouth,  owing  to  the  retraction  of  the  Ups,  is  bounded  in  front  by  the  leclh.  The  cavity  t<t««» 
the  hard  palate  and  the  back  of  llie  tongue  is  exceedingly  narrow,  there  being  only  a  medltnnl^ 
row  sill,  ilence,  the  air  can  only  enter  with  a  clear,  piping  noise,  which  sets  even  the  vtrto*^ 
the  skull  in  vibration,  and  when  the  cars  arc  slopped  the  sounds  seem  very  shrill.  When  t)M  ^ 
ynx  is  deprc»etl  and  the  lipk  protruded,  as  fur  sounding  U.  I  cannot  be  sounded. 

When  sounding  E,  which  stands  next  to  I,  the  cavity  lias  also  the  form  of  a  Hask  wilhslB*B 


Mly  (fundamental  tone,  i')  and  with  a  long,  narrow  neck  (fundsmcntaljonc.  b'")  [v.  /f/imhtlB^- 

„  „  .  .     „  y*  i"  alirfiilf  l"** 

ihau  for  I,  but  not  %o  high  as  for  A. 


The  neck  is  wtdct.so  that  it  does  not  give  rising  to  a  piping   noise.     The  larynx  ti  alighllf  I 


Fundamentally  there  are  only  thret primary  vowels— I,  A.  U,  the  others  and  the  tccalled  Jif^ 
thongs  standing  between  them  {^Br^cki). 
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Diphthongs  occur  when,  during  V0£alizati0ny  we  pass  from  the  position  of  one 
vowel  into  that  of  another.  Distinct  diphthongs  arc  sounded  only  on  passing 
from  one  vowel  wiih  the  mouth  wide  open  to  one  with  the  mouth  narrow  ;  dur- 
ing the  converse  process  the  vowels  appear  to  our  ear  to  be  separate  {Briicke). 

II.  Timbre  or  Clang  Tint. — Besides  its  pitch,  every  vowel  has  a  special 
timbre,  quality,  or  clang  tint. 

The  voca.1  timbre  of  L'  (whispering)  has,  in  addition  to  its  fundaraentiU  tone,  b.  a  deep,  pipin^r 
timbri:-  The  timbre  depends  upim  the  number  and  pitch  of  ihe/tjrr/a/j  or  avrritmes  of  the  vowel 
■ound  \\  415)- 

Nasal  Timbre. — The  timbre  is  modified,  in  a  special  manner  wben  the  vuweU  are  spoken  with  a 
*'  nasal  "  twan^,  which  is  largely  the  case  in  the  French  language.  The  na'^al  timbre  is  produced 
by  the  v>ft  palate  not  cuttinf;  off  the  nasal  cavity  complclely,  which  happens  every  time  when  a  purr 
vowel  M  sounded,  so  that  the  air  in  the  nasal  cavity  is  thrown  uilo  sym^uthetic  vibration.  When  a 
vowel  is  spoken  with  a  nasal  timbre,  air  iia.<u>c£  out  of  the  nose  and  mouth  simuttaneoualy,  while 
with  a  pure  vowel  sound  it  passes  out  only  through  the  oioulh. 

When  sounding  a  pure  vciwel  (nonnasal),  the  shutting  off  of  the  nasal  cavity  from  the  raouth  is 
«o  complete,  that  it  requires  an  artificial  pressure  of  jo  to  100  mm.  of  mercury  10  overcome  il 
(//itrfmtinn\. 

The  vowels,  a,  1  (:c),  o  (cc),  o,  e,  arc  used  with  a  nasal  timbre — -i  iwsal  i  does  not  occur  in  any 
language.  Certainly  it  is  very  difBcult  to  sound  it  thu!>,  because,  when  sounding  1,  the  mouih  is  so 
oartow  that,  when  the  |>assage  to  (he  nose  is  ujten,  the  air  passes  almc^st  completely  through  the  lat- 
ter, while  the  small  amount  passing  through  the  mnuth  scarcely  suHices  to  prorlucc  a  sound. 

In  sounding  vowels,  we  niusl  oljscrvc  ifthey  arc  sounded  thmugh  a  prcvkxisly  clo*cd  glottis,  as  is 
done  in  the  German  language  in  all  words  beginning  with  n  vuwel  ('■piritus  lenis).  The  glottis, 
however,  may  be  previously  opened  with  a  preliminary  breath,  followed  by  the  vowel  sound ;  we  ob- 
tain the  aspirate  vowel  ^^iriius  osper  of  the  Greeks). 

B.  If  the  vowels  are  sounded  in  an  audible  tone,  /.  ^.,  along  with  the  sound 
from  the  larynx,  the  fundamental  tone  of  the  vocal  cavity  strengthens  in  a  char- 
acteristic manner  the  corresponding  partial  tones  present  in  the  laryngeal  sound 
(  Uluais/onef  v.  Helmholtz). 

318,  CONSONANTS— The  consonants  are  noises  which  are  produced  at 
certain  parts  of  the  resonance  chambers.  [As  their  name  denotes,  they  can  only 
be  sounded  in  conjunction  with  a  vowel.] 

Classification. — The  most  obvions  classificatinn  is  according  to — (I.)  Their  niouUic  properties^ 
so  thai  ihey  are  divided  into — ( i )  iiquid  consonants,  i.  e.,  such  as  are  appreciable  without  a  vowel 
(m,  n,  1,  r,  s)  ;  (2)  mutes,  including  all  the  others,  which  cannot  be  distinctly  beard  without  an 
accumpanying  vowel.  ( II.  I  According  (o  their  mei:hatti$m  of  formotinn^  as  well  as  the  type  of  the 
origan  of  speech,  by  which  they  arc  produced.     Tliey  are  divided  into^ 

r.  Eaplostvee  — Their  enunciation  is  accompanied  by  a  kind  of  bursting  oi>cn  of  an  obstacle,  or 
an  explosion,  occasioned  by  the  confined  and  compressed  air  which  causes  a  stronger  or  weaker 
noise ;  or,  conversely,  the  current  uf  air  is  suddenly  in/errupted,  while,  at  the  same  time,  the  naial 
cavities  are  cut  off  by  the  soft  palate. 

3.  Aspirates,  in  which  one  j>art  of  the  canal  is  constricted  or  stopped,  so  that  the  air  ntshes  out 
through  the  constriction,  causing  a  faint  whistling  noise.  {The  nasal  cavity  is  cut  off.)  In  uttering 
L,  which  is  closely  related  to  the  aspirates,  but  differs  from  ibem  in  that  the  narrow  passage  for  the 
rush  of  air  is  not  in  the  middle  but  at  botli  sides  of  the  middle  of  the  cJoscil  }iart.  (The  nasal 
cavity  is  shut  off.) 

3.  Vibratives,  which  are  produced  by  air  being  forced  through  a  rurrow  poition  of  the  canal, 
so  that  the  margins  of  the  narrow  tut>e  are  set  in  vibration.     (The  nasal  cavity  is  shut  off.) 

4,.  Rcionants  (also  called  nasals  or  scmi-vowclsj,  The  nasal  cavity  is  completely  free,  while 
the  vocal  canal  is  completely  closed  in  the  front  fiart  of  the  oral  channel.  According  (o  the  posi- 
tion of  the  (ilistniclton  in  the  oral  cavity,  the  air  in  a  larger  or  smaller  portion  of  the  mouth  is  thrown 
into  sj'mpathetic  vibration. 

We  may  also  classify  them  according  to  the  pasidon  in  which  they  are  produced 
— the  **  articulation  positions"  of  Brllcke.     These  are  : — 

A.  Between  both  lips  ;  B,  between  the  tongue  and  the  hard  palate  ;  C,  between 
the  tongue  and  the  soft  palate  ;  D,  between  the  true  vocal  cords. 

A.  GfHsonaHis  of  thi  Fint  ArticutatidH  Position. —  i.  Explosive  Labials. — b,  the  voice  is 
sounded  before  the  slight  explosion  occurs;  p,  the  voice  is  sounded  after  the  much  stronger  explo- 
s\*>n  has  taken  place  (A'empf/eH\.  ['Hie  farmer  is  spoken  of  as  "voiced"  and  the  latter  at 
■'breathed."] 
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2.  Aspirate  Labials.— f,  between  the  upper  inci&or  teeth  and  the  lower  Up  (labiodcnuh.  It 
is  alneni  in  all  inie  Slavic  words  {PurkiHe) ;  v,  between  both  lips  (Ubial) ;  w  ti  fonned  when  (tie 
mouih  is  in  the  position  for  f,  but  instead  of  merely  furcint;  in  the  air.  the  voice  is  ujuDdnl  il  the 
same  lime.  Keally  there  are  two  different  w — odo  correCfjooding  to  the  labial  f,  as  in  wiljde,mi 
the  lahiodenial,  /, /,,  quelle  [firtieki). 

3.  Vibrative  Labials. — I'he  burring  sound,  emitted  by  grooms,  but  which  is  not  omxI  ia  ciflbiri 
lanj^ua^c, 

4.  Resonant  Labials. — m  i&  formed  essentially  by  sounding  the  voice  whereby  the  sir,  is  the 
mouth  and  nov?.  is  thrown  into  syntpnthclif  vittration  ["voiced"]. 

£.  C.'Hii'nattts  0/  tkf  Sfii'mi  JtrtiiuhttioH  Pf^ithn. — 1.  The  explosivca,  when  enanowed 
sharply  and  without  the  voice,  are  T  hard  (also  dt  and  th) ;  when  they  are  feeble  aiwl  podvcsd 
along  with  simultaneous  laryngeal  sounds  (voice},  we  have  D  »oft. 

1.  The  aspirates  embrace  S,  including  s  sharp,  written  a  a  or  s  z,  which  is  produced  wtibint 
any  audible  laryn^jcol  vibration  ;  or  sofi,  which  re(|uires  the  voice.  Then,  aUo,  there  are  romliks- 
tions  According  to  the  |>ohition  where  the  noises  are  produced.  The  sharp  aspirates  inclodeSeh, 
and  the  hard  English  Th  ;  to  the  soft  belong  the  French  J  soft,  and  the  Kngliih  Th  soft  L.wludi 
occurs  in  many  iinMlifications,  belongs  here,  e.  g.,  the  L  soft  of  the  French,  L  may  be  ksmU 
soft  with  ihe  voice,  or  sharp  without  it. 

3.  The  vibratives,  or  R.  which  is  [generally  voiced,  but  it  can  be  formctl  wilhoal  ihelai^. 
The  resonanta  are  N  sounds,  which  also  occurs  in  several  mndt6cntions. 

C.  Ct>rij(>naHff  of  tht  Third  Affi(Miaiu>n  PoiUion.—i.  The  explosives  are  the  K  sotiDds.*hid 
are  hard  and  breathed  and  not  voiced :  G  sounds,  which  are  voiced. 

2.  I'he  aspirates,  when  hard  and  breathed  but  not  voiced,  the  Cb,  and  when  soimded  Wily  lod 
not  voiced.  J  is  formed. 

3.  I'he  vibrative  is  the  palatal  R,  which  is  produced  by  vibration  of  the  uvula  i^Br&<lu). 

4.  The  resonant  is  the  palatal  N. 

D.  ComQnanf%  0f  tht  t'ourth  Artuutatum  Pt'siii<m. —  i.  An  explosive  sound  dors  not  ocec 
when  the  glottis  is  forced  o^kh,  if  a  vowel  is  loudly  sounded  with  the  glottis  previously  clOMd  It 
this  occun  during  whispeting,  a  feeble,  short  noise,  due  to  the  sudden  opening  of  the  glodli,  tmybc 
beard. 

2.  The  aspirates  of  the  glottis  are  the  H  sounds,  which  are  produced  when  the  glt^tisIiBodfl* 
atcly  wiilc. 

3.  A  glottis-vibrative  occurs  ir  (he  so-called  laryngeal  R  of  lower  Saxon  {Brtitkt), 

4.  A  laryngeal  resonant  cannot  esisl. 

The  combination  nf  different  consonants  is  accomplished  by  the  successive  movements  orfdwr 
for  each  \>t\n^  r.ipidly  executed.  Compound  consonants,  however,  or  such  as  arc  formed  wb«s  tke 
oral  parts  are  adjusted  .simultaneously  lor  two  diflercnt  consonants,  so  that  a  mixed  sound  kl  Sami 
from  the  two.     Examples  :  Sch— tscta,  U,  tt— Ps  (^'')— Ki  (X  ="). 


319.  PATHOLOGICAL  VARIATIONS  OF  VOICE  AND  SPEECH.— AphoitU^ 

Far.ilysis  of  the  motor  nerves  (vaiju>)  of  the  larynx  b)'  injur)',  or  the  pressure  of  lamor^  cssid 
aphonia  or  loss  of  voice  (CiiUn),  In  aneurism  of  the  aortic  arch,  the  left  recurrent  dcttp  atf 
be  paralyzed  from  pressure.  The  laryngeal  ner\-es  may  be  temporarily  paralyzed  by  rhcnauuMS, 
over -exert  inn,  and  hy^ilcria,  or  by  serous  effucions  into  the  laryngeal  muKcles.  |f  the  ictisort  tit 
paralyied,  monotonia  is  the  chief  result ;  the  disturbances  of  respiration  in  paralysis  of  the  Uryu 
are  iniponani.  As  long  as  the  re^tpiration  is  tranijuil,  (here  may  he  no  diMurbance.  but  usncm  h 
incrraM;il  rcspimlion  occurs,  ^reat  dyspncra  .sets  in,  owing  to  the  inability  of  the  glultis  tn  dible 

If  only  one  vocal  cord  is  paralysed,  the  voice  becomes  impure  and  faUclto-Hkc.  while  «c  nif 
feel  from  without  that  there  i.t  less  vibration  on  the  paralysed  $\dc  (oWiar^/).  Sometina  tiK 
vocal  cords  are  only  so  far  paraty/cd  that  they  do  not  move  duiing  phnnalion,  tiut  do  so  didUf 
forced  respiration  and  during  couching  (phonetic  paralysis). 

Diphthongia.— Incomplete  unilateral  paralysis  of  the  recurrent  nerve  is  sometimes  foUowtd  If 
a  double  tone,  owing  to  the  unequal  tension  of  the  two  vocal  cords.     Acconling  to  TOrcli  sb' 

Schnitzter,  however,  the   double   tone  occun  when  Ibc  t*v 
Ftc.  334.  vocal  cords  touch  at    some    part  of  their  course  (/^.,  frs* 

the  presence  of  a  tumor.  Fig.  334).  so  that  the  ieI'1"»  " 
divided  into  two  unequal  portions,  each  of  which  [tit)div«* 
its  own  S4^und. 

Hoarseness  is  caused  by  mucus  upon  the  vocal  rwh,  1^ 
roughness,  swelling  ur  looseness  of  the  cords.     If.  whdc  tftu' 
inc.  Ihe   cords    are    approKimaied,  and  suddenly  touch  <•■ 
other,  the  "  speech  is  broken,"  owing  to  the  fumalkm  <rf  ^^ 
points    (i|    353).     Disease    of    the    pharynx,    tuuo-pliai7l0* 
cavity,  and  uvula  may  produce  a  change  in  the  voice  r^^T- 
Paralysis  of  the  soft  palate  (as  well  as  congrnlcU^* 
Tuifor,   on   .h«   vocii  coM.   c.uMog     fwat'oii  Of  clcfi  paJatc)  causes  a  noja/  hmhrc  of  aU  itn*] 
Joubic  lone  fnim  itte  larynx.  the  former  renders  dimcult  the  normal  formaiioa  01 
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of  the  third  articulation  position;  retonuice  is  imperfect,  while  the  eKplosives  are  weak,  owing  lo 
the  escape  of  the  air  ihmugh  the  nose. 

Paralysis  of  the  ton^e  weakens  I ;  E  and  A  {JE)  are  less  easily  pronounced,  while  the  for. 
mation  of  consonants  of  the  second  and  third  articulaiion  position  is  affected.  The  term  aph- 
thongia  IS  applied  to  a  condition  in  which  every  attempt  In  iipeak  u  followed  by  spasmodic 
movements  of  the  ionj;ue  {fieHry). 

In  paralysis  of  the  lips  [/uiiii/  mrx/e),  and  in  hare-lip,  regard  must  lie  had  to ihc  formajion  of 
cottsooants  of  the  lirst  articulation  poation.  When  the  nose  is  dosed,  the  s]]ecch  has  a  character- 
istic sound.  The  normal  furmalion  of  resonant^  is,  of  course,  at  an  end.  After  excision  of  the 
larTnx,  a  metal  reed  enclosed  in  a  tube,  and  acting  like  an  artificial  larynx,  is  introduced  between 
the  trachea  and  the  cavity  of  the  mjuth  (Cs^rny). 

Slatnmcring  is  a  disturbance  of  the  formation  of  sounds.  fStammeriDg  is  doe  to  long-con* 
tinued  spasmodic  contraction  of  the  diaphraom,  just  as  hiccougn  is  ($  I20j.  and,  therefore,  )t  is 
essentially  a  spasmodic  inspiration.  As  speech  depends  upon  the  expiratory  binst,  the  spa^sm  pre- 
vents expiration.  It  may  be  brought  about  by  mental  excitement  or  emotional  conditions.  Hence, 
the  treatment  of  stammering  is  to  regulate  ihc  respirations.  Iti  stuttering,  which  is  defective 
speech  due  to  inability  to  form  the  proper  sounds,  the  hrcnthing  is  normal.] 

320.  COMPARATIVE— HISTORICAL.— Speech  may  Iw  classified  with  the  "  expres- 
sion of  the  emotions  "  {Daru'in).  Psychical  excitement  causes  in  man  characteristic  movements, 
in  which  certain  gntuiMi  of  muscles  are  always  concerned,  t.g.,  laughing,  weeping,  the  facial  expres. 
sion  in  anger,  pain,  shame,  etc.  These  movements  afford  a  means  whereby  one  creature  can  com- 
municate with  another.  Primarily  in  their  origin,  the  movements  of  expression  are  re/Ux  motor 
phenomena;  when  they  are  produced  for  purposes  of  explanation,  they  are  voluntary  imitatiuns  of 
ihisteflcx.  Besides  the  emotional  movements,  impresi^ions  u|>nn  the  sense  organs  produce  char- 
acteristic reflex  movements,  which  may  be  used  for  purposes  of  expression  iGctgir),  e^.,  stroking 
or  painful  snmulattun  of  the  akin,  movements  after  smelling  plea^tant  or  unpleasant  or  disagreeable 
odors,  the  action  of  sound  and  light,  and  the  perception  of  all  kinds  of  objects. 

The  expression  of  the  emotions  occuis  in  its  simplest  form  in  ulidt  is  known  as  expression  by 
means  of  signs  or  p.intomime  or  mimicry.  Another  means  is  the  imitation  of  sounds  by  the 
organ  of  speech,  constituting  cttama/of>orsy,  e^.,  the  hissing  of  a  stream,  the  roll  of  thunder,  the 
tumult  of  a  »tomi,  whii^lling,  etc.  The  expression  of  speech  is,  of  course,  dependent  upon  the 
process  of  ideation  and  perception. 

The  occurrrn<e  of  different  sounds  in  difTcrent  languages  is  very  interesting.  Some  languages 
(r.^.,  of  the  lluron<i|  have  no  labials;  in  some  South  Sea  Inlands,  no  laryngeal  sounds  are  spoken; 
f  is  absent  to  Sanskrit  and  Finnish  ;  the  short  /*,  t\  and  the  soft  sibilaots  in  Sanskrit;  </,  in  Chinese 
and  Mexican,  j,  in  many  Polynesian  languages:  r,  in  Chinese,  etc. 

Voice  in  Animals. — Animals,  more  espcciallv  the  higher  forms,  can  express  ihcir  cmolions  by 
facial  and  uiher  gestures.  The  vocal  organs  of  mammals  are  essentially  the  same  us  those  of 
roan.  Special  resonanct  organs  occur  in  tnc  orang-outang,  mandril,  macacus  and  myceics  monkeys 
in  the  form  of  large  cheek  pouches,  which  can  be  inflated  with  air,  and  open  between  the  larynx 
and  the  hyold  bone. 

Birds  have  an  upper  (larynx)  and  a  lower  larynx  (syrinx)  the  latter  being  placed  at  the  bifur- 
cation of  the  trachea,  and  is  the  true  vocal  organ.  Two  folds  of  mucous  membrane  (three  in  singing 
birds)  prujcct  into  each  bronchus,  and  are  rendered  lense  by  muscles,  and  are  thus  adapted  to  serve 
fur  the  production  of  voice. 

Among  reptiles  the  lonoi<es  produce  merely  n  sniffling  *iOund,  which  in  the  Kmys  has  a  peculiar 
piping  character.  The  blind  snakes  are  voiceless,  the  chameleon  .md  Ihe  lizards  h.ive  a  very  feeble 
voice;  the  cayman  and  crocodile  emit  a  feeble  roaring  sound,  which  is  lost  in  some  adults  owing 
to  changes  in  the  larynx.  Tyxa  snakes  have  no  special  vocal  organs,  but  by  forcing  out  air  from 
their  capacious  lung  they  make  a  peculiar  hissing  sound,  which  in  some  species  is  loud.  Among 
amphibians  ihe  frug  has  a  lar>'nx  proviiled  with  muscles.  The  sound  emitted  without  any  muscu- 
lar action  is  a  deep  iniermitteni  tone,  while  more  forcible  expiration,  with  oonlracliun  of  the  laryn- 
geal constrictors,  causes  a  clearer  continuous  sound.  The  male,  in  Kana  csculenta,  has  at  each  side 
of  the  angle  of  the  mouth  a  sound  bag,  which  can  be  inflated  with  air  and  acts  as  a  resonance 
chamber,  The  "croaking  "  of  the  mole  frog  is  r^uite  characteristic.  In  Pipa,  the  larynx  is  pro- 
vided with  two  cartilaeinous  rods,  which  arc  thrown  into  vibration  b)'  the  blast  of  air,  and  act  like 
vibrating  rotls  or  the  limbs  of  a  tuning  fork.  Some  fishes  emit  sounds,  either  by  rubbing  together 
the  upper  and  lower  pharyngeal  bones,  or  by  the  expulsion  of  air  from  the  swimming  bladder, 
mouth  or  anus. 

Some  insects  cause  sounds  partly  liy  forcing  the  expired  air  through  their  stigmata  provided  with 
muscuLir  rerds,  which  arc  thus  thrown  into  vibration  (bees  and  many  diptera).  The  winys,  owing 
to  the  rapid  contraction  of  their  muscles,  may  also  cause  sounds  (Hies,  cockroach,  bees).  The 
Sphinx  atropos  (dcalhheap  mothi  forces  air  from  its  sucking  stomach.  In  other*,  sounds  arc  pro- 
duced by  rubbing  their  legs  on  the  wing  cases  (Acridium),  or  the  wing  cases  on  each  other  (Ciryl- 
lus,  locust),  or  on  the  thorax  ^Ccrarabyx),  on  the  leg  (Gcotrupcs),  on  the  abdomen  or  the  margin  of 
the  wit^  ( N'ckrophorus).     In  Cicadadx,  membranes  are  pulled  upon  by  muscles,  and  are  thus 
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caused  to  vil>rate.  Friction  sounds  are  produced  between  the  cephalothonix  >nd  ihc  ftbdoon  ta 
ibome  spiders  (Theridluin],  and  in  tome  craba  (Palinunu).  Some  mollnica  (iVcien)  emit  aaud 
on  KC^iaratiu)^  their  shells. 

Kiatorical. —  The  Hippocraiic  School  was  aware  of  the  fact  that  divi»ton  of  the  trachea  abolaM 
the  voice.  ar;<t  that  the  epi|;lottis  prevented  the  entrance  of  TixkI  into  the  larynx.  Ari«lo4le  oitM 
nuineruus  ubs^rvaiiom  on  the  voice  of  aiiiniaU.  The  true  cause  of  the  voice  csca^iej  him  uwtll 
as  Gaten.  Cr&lcn  obsen'ed  compleie  last  of  voice  after  double  pneumothorax,  after  wcinin  of  the 
intercostal  muscles  or  their  nerves,  as  well  as  after  destruction  of  part  of  the  spitu]  cunl,c!Ta 
although  ilie  diaphragiu  slill  ctmtractcd.  He  gave  the  cartilages  uf  the  larynx  the  namnthri  itill 
distinguish  (hem  :  he  knew  some  of  the  laryngeal  muscles,  and  assened  that  voice  wuprwhued 
only  when  the  glottis  was  narrowed.  He  compared  the  larynx  to  a  Autc.  The  wcatccuitig  »(  (it 
voice,  in  feeble  conditions,  especially  after  loss  uf  blood,  was  known  to  the  ancients.  L>o«lan  11700) 
was  the  first  to  explain  voice  as  due  to  the  vibration  of  the  vocal  cords  by  the  air  paHang  bctteui 
them. 

The  production  of  vocal  sounds  attracted  much  altenlioo  anwng  the  ancient  Asiatics  iml  Am 
bians — less  among  the  (ireekf.  Pictro  Ponce  (f  I5'**4)  was  the  firet  to  advocate  instruction  ib  ib* 
art  of  speaking  incases  of  dumbness.  Racon  (163S)  studied  the  shape  of  the  mouth  fur  tU  itiy 
nunciaiion  of  the  various  sounds.  Kratzenstcin  (17.S1)  made  an  anihcial  apparatus  for  the  pro- 
duction of  vowel  sounds,  by  placing  resonators  of  various  forms  over  vibrating  reedK.  Voo  Kcm- 
pelen  ( 1 769  to  1 791)  constructed  the  fin>t  speaking  machine.  Rob.  Willis  (1828)  found  that  «n  elUK 
vibrating  spring  gives  Ihc  vowels  in  the  series — U,  *>,  A,  K.  I— according  to  the  depih  •«  hdjh 
of  Us  tone;  further,  that  by  lengthening  or  K.honening  an  artiBdal  resonator  on  an  arnticial  vocd 
apparatus  the  vowels  may  be  obtained  In  the  same  scries.  The  newest  and  most  iraportani  ism- 
ligatioTis  on  speech  .ire  by  Wheatstone,  v.  Helmhnliz,  Donders,  Rriicke,  etc.,  and  arc  mriilioncil  In 
the  context.  Hensen  succeeded  in  showing  exncily  the  pilch  of  vocal  tone,  thus  :  The  tone  iiMag 
agatn&t  a  Kdnig's  capsule  with  a  gas  Same.  U[>(jusite  the  flame  is  plnced  a  tuning  fork  vibrxiY 
hori;:ontally,  and  In  front  of  one  of  it.-*  limbs  is  a  mirmr,  in  which  the  image  of  the  dame  is  refiedd. 
NVhen  the  vocal  tone  is  of  the  same  number  of  vibrations  as  the  tuning  fork,  the  dame  in  the  uamt 
sliows  Qfie  elevation,  if  double,  f.^.,  the  octave,  two,  and  with  the  double  octave,  four  elevauav. 
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ERVES  AND  ELECTRO-PHYSIOLOGY. 


321.  STRUCTURE  OF  THE  NERVE  ELEMENTS.— The  ner- 
vous elements  present  two  distinct  forms: — 

»i.   Nerve    f  Non-meduUated.  2.   Nerve  |  Various  forms  and 

Fibres.  { Mcdullatcd.  Cells.   \         functions. 

An  aggregation  of  nerve  cells  constitutes  a  nerve  ganglion.  The  Ji/>ns  rep- 
resent a  conductifi^  apparatus,  and  serve  to  place  the  central  nervous  organs  in 
connection  with  peripheral  end  organs.  The  nene  cells,  however,  besides  trans- 
mitting impulses,  act  as  physiological  centres  for  automatic  or  reflex  movements, 
and  ai30  for  the  sensory,  perceptive,  trophic,  and  secretory  functions. 

I.  Nerve  Fibres  occur  in  several  forms  : — 

1.  Primitive  Fibrils. — The  simplest  form  of  nerve  fibril,  which  Is  visible  with  a  magnifying 
power  of  500  to  800  itian^ctcrs  linear,  consists  of  primitive  nerve  fibrils.  They  arc  very  delicate 
fibres  t^'E-  335-  O,  often  with  small  varicose  swellings  here  and  there  in  their  coun>e,  which, 
however,  are  due  to  changes /'i>j/.w(3/-//w.  They  are  stained  of  a  brown  or  purplish  color  by  the 
gold  chloride  meiliod,  and  they  occur  when  a  nerve  fibre  \%  near  ttf  terminalton,  bctni;  formed  by 
the  splitting  up  of  the  axis  cylicidcr  of  tlie  nerve  fibre,  ^..1,'.,  in  the  terminations  of  the  corneal 
nerves,  the  optic  nerve  layer  in  the  retina,  the  terminations  of  the  olfactory  fibres,  and  in  a  plexi- 
furm  arrangement  in  non. striped  muscle  {p.  500}.  Similar  fmc  fibrils  occur  in  the  gray  matter  of 
the  brain  and  spinal  cord,  and  the  finely  divided  processes  of  nerve  cells. 

2.  Naked  or  simple  axial  cylinders  (Pig.  335.  2],  which  represent  bundles  of  primitive  fibrils 
held  tr^elher  by  a  slightly  granular  cement,  »o  that  they  exhibit  very  delicate  lonKituditial  striation 
with  fine  |i;Tanules  scattered  in  their  course.  The  bcbi  example  is  the  axial  cylinder  process  of 
nerre  cells  (Fig.  335,  I,  =).  [The  thickness  of  the  axis  cylinder  depends  upon  the  numlter  of 
5brils  eotering  into  its  comp^i^titiun.] 

3.  Axis  cylinders  surrounded  with  Schwann's  sheath  or  Remak's  fibres  (3  8  to  6.8 /i 
broad),  the  latter  name  Ueint;  given  to  ihcm  from  their  discoverer  (Fig.  335,  3).  [These  tibres  are 
also  called  pale  or  non-medullated,  and  from  their  abandaiicc  in  the  sympathetic  nervous  sy>>tem, 
sympathetic]  They  consist  of  a  sheath,  corresponding  to  Schwann's  sheath  [neurilemma,  or 
primitive  sheath,  which  incloses  an  axial  cylinder,  while  tying  here  and  there  under  the  sheath,  and 
between  it  and  ihcaxi.il  cylinder,  arc  nerve  corpuiclrs.  These  fibres  arc  always  Hbrillated  longitudi- 
lully].  The  sheath  is  delicate,  structureless,  and  elastic.  Dilute  ncids  clear  up  the  fibres  without 
causing  them  to  swell  up,  while  gold  chloride  makesthem  brownish-red.  They  are  widely  distributed 
in  the  sympathetic  nerves  [r.^-.,  splenic]  and  in  the  branches  of  the  olfactory  nerves.  All  nerves 
in  the  /ntbryo,  as  well  as  the  nerves  of  many  invertebrata.  are  of  this  kind,  [According  lo  Ran. 
vier,  these  fibres  do  not  possess  a  sheath,  but  the  nuclei  are  merely  applied  to  the  surface,  or  sltghily 
embedded  in  the  superticial  parts  of  the  fibre,  so  that  they  belong  to  (he  fibre  itself.  These  6bres 
ilso  branch  and  form  an  anastomosing  network  (Fig.  336).  This  the  medullated  fibres  never  do. 
rfaese  fibres,  when  acted  on  by  silver  nitrate,  never  show  any  crosses.  The  branched  form  occuni 
n  the  ordinary  nerves  of  distribution,  and  they  are  numerous  in  the  vagus,  but  the  olfactory  nerves 
lavc  a  distinct  sheath  which  is  nucleated.] 

4.  Axis  cylinders,  or  \\ci\c  tibrils,  covered  only  by  a  medullary  sheath,  or  white  sebsfancc 
if  Schwann,  are  met  with  in  the  white  and  gray  matter  uf  the  centr.il  nervous  system,  in  the  o|>tic 
ind  auditory  nerves.  These  mciiuUitUd  nerz-t  fil>res,xeithQut  any  neun'/ifm/fia,  oflcn  show  after 
Jeath  varicose  swellings  in  their  course  [due  to  the  ftccumulation  of  fluid  between  the  me<lulla  or 
nyelin  and  the  axis  cylinder].  Hence,  triey  are  called  varieost  fibres.  [The  varicose  appearance 
5  easily  produced  by  squeerirtg  a  small  piece  of  the  while  matter  of  the  spinal  cord  between  a  slide 
ind  a  cover  gloss.  Nitrate  of  silver  tloes  not  rcvenl  any  cros>e?>,  and  there  are  no  nodes  uf  Ranvier, 
irhile  osmic  add  reveaU  no  incisures.     When  acted  ut>on  by  coagulating  reagents,  e.^.y  chromic 
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The  axis  cylinder,  which  occupies  ^  to  ^  of  the  breadth  of  (he  fibre,  is  the  cKsenlial  part  of  the 
errc^ami  lies  in  ibcccntreof  the  fibre  (Fig.  335,6,*/)  like  the  wick  in  the  centre  ofa  candle.  Its  usual 
tape  ifc  cylindrical,  but  sometimes  it  is  flattened  or  placed  eccentrically  [most  probably  due  to  the 
irdening  process  employed].  It  is  composed  o\ fibril x  [united  by  cement;  they  become  mure 
Inriotu  near  the  terminations  of  the  nerve,  or  after  the  action  of  reagents,  which  sometimes  cuu«e 
le  fibrils  to  appear  beaded.  It  is  quite  transparent,  and  stains  deeply  with  carmine  or  logwood], 
hile  during  life  iLs  (omiiUnce  is  semi-fluid.     According  to  KupfTer,  a  lluid — nerve  scrum — lies 

reen  the  Hbrils  [while,  according  to  other  observers,  the  whole  cylinder  is  enclosed  in  on  elastic 

th  peculiar  to  itself  and  composed  of  neurokeratin]. 


Fig.  336. 


Fig.  337. 


Tran""  ■  (    r    if  ih«  nerve  fibres 

(/the  >>{>itijlt;uc(l,  ihcAxia  cylinder! 
|ik<t  dou  surrouudird  by  si  ctc;ir 
cpAce  (,tnyelint. 

Fic.  338. 
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inter  CO*  tal  nrrvc  of  »  tnoitftC  (tingle 
^ciculiu  of  nerv«  fibre*)  auiKcd 
wiih  %\\vcT  nilmtc.  Endotbtlial 
fhexth  Plained,  and  sume  node*  «t 
Ksnvlcr  indicated  by  ctouc*. 


Medullated  nerve  librc»  l>l>idtcced  by 
osmic  flcid.  /,*,  Ranvicr't  nude; 
vk,  Schwann'!  ibeath. 


Promann's  Line*.— Chloroform  and  collodion  render  it  visible,  while  it  is  must  easily  isolated 
a  sohd  rtxl,  by  ihe  action  of  nitric  acid  with  excew  of  potassium  chlorate.  When  acted  on  by 
ver  oilrale,  Frumann  observed  transverse  markings  on  it,  but  their  significance  is  unknown  (Fig. 
iS,  8). 

B.  White  substance  of  Schwann,  medullary  sheath  or  myelin,  surrounds  the  axis  cylind»rr, 
te  an  insulating  medium  around  an  electric  wire.  In  the  perfectly  fresh  condition  it  is  quite  homn- 
highly  glistening,  bright  and  refractive;  its  consisteoce  is  fluid,  so  that  it  oozes  out  of  the 
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cut  endft  nf  the  fibres  in  spherical  drops  (Fig.  335. -r).  [myelin  drops,  which  are  alvaju  stuM 
by  conccnlric  lines,  are  highly  refractive,  ant]  best  seen  when  3  frt-sh  nerve  is  teased  in  »aJl  mtBtiot.] 
After  dc^alh,  or  after  llie  action  uf  reaf<;enls.  it  shrinks  sHghily  from  the  sheath,  so  that  the  Rm 
have  a  double  contour,  while  the  substance  itself  breaks  up  into  smaller  or  larger  droi^eti,  dw  Mt 
to  coagulation  (Ptrtik)^  but,  according  to  Toldt.  to  a  procesi  like  emuhification,  the  drop*  pmaa{ 
against  each  uther.  Thus  the  fibre  it  bruWen  up  into  masses,  so  thai  it  has  a  charactertKic  appor 
ance  (Fig.  335,  6).  It  contains  a  large  amount  of  efribrin^  which  swells  ap  to  Cnrm  myeha-IilM 
forms  in  warm  water.  It  al»o  contains  fatty  matter,  va  that  thcM  Gbica  arc  Llackctted  hy«aric 
acid  [while  boiling  ether  extracts  chol«sterin  from  theml-  Chloroform,  ether,  and  beozin,  l*y  ifimh' 
ing  the  faiiy  and  some  other  consliluents  of  the  libres,  make  them  very  transparent.  [Suae  <!>• 
servers  dcscril>c  a  tluid  lying  t>ctwecn  the  incdtilla  and  the  axi4  cylinder.) 

C.  The  Sheath  of  Schwann,  or  the  neurilemma,  lies  immediately  outside  of  and  tnvettiOit 
white  sheath  ( Fig.  33$,  6,  rj,  and  is  a  delicate,  struaurclcss  roerabraoe,  comparable  to  the  sue» 
lemma  of  a  tnu&cular  fibre. 

t>.  Nerve  CorpuBcles- — .^1  fairly  wide  inter\'nls  under  ihencnrilemma, and  lying  indqireskpu 
between  it  and  the  medullary-  sheath,  are  ihe  nucleated  nervt  eorpusites^  which  are  readdytiaanl 
by  pigments.  [They  may  be  compared  to  the  muscle  corpuscles,  the  nuclei  being  surrouoded  by  a 
small  amount  of  protoplasm  which  sometimes  contains  pigment.  They  are  not  so  nuneroawli 
muscle.] 

[AdarnkiewicE  describes  nerve  cori>uscles,  or  "demilunes"  under  the  neurilemma,  (juile  «li»- 
tinct  from  the  ordinary  nerve  corpuscles.  They  arc  stained  yellow  by  safranin.  while  the  crdinv; 
nerve  corpuscles  are  st^iincd  by  mcthylanilln]. 

Ranvier's  Nodes  or  Constrictions. — The  neurilemma  forms  in  broad  fibres  at  longer  and k 
narrower  ones  at  shorter  intervals,  the  ttoties or  constrUtions 0/ Ranvier  (Fig.  335,  6,  /,  /;  Fig-  3Jl, 
y,  j).  They  are  constrictions  which  occur  at  regular  intervals  along  a  nerve  fibre  -,  at  them  the  rltiie 
substance  of  .Schwann  is  interrupted,  so  that  the  sheath  of  Schwann  lies  upon  the  axis  cylinder  [or 
its  clastic  sheath]  at  the  nodes.  Tlie  part  of  the  nerve  lying  between  any  two  nodes  [is  csttnl  u 
tHteraHHulor  or  infernoifni  tfj^'mfttr],  and  each  such  segment  contains  one  or  more  nuclei,  to  diit 
some  observers  look  upon  the  whole  segment  as  equivalent  to  one  cell. 

The  function  of  the  Nodes  seems  to    he  in  }wrmit   the  diflfusinn  of  pla5ma  thmugh  the 
sheath  intothc  axis  c>Iinder,  while  the  deconip'>siiion  products  are  similarly  given  off.     [A  00^ 
matter  like  picrocamiinc  ditfu<^c^  into  ilie  libre  only  at  the  nodc«,  and   slains  the  axis  cyUDdei 
although  it  does  not  difTuse  through  the  white  substance  of  Schwann.] 

[Incisures  (nf  Schmidt  and  I^anierniann). — Each  interannular  segment  in  a  stretched  nerve sl)o«i 
a  number  of  oblique  Iine«  running  across  the  white  substance,  which  are  called  iHHmra,  Tbtj 
indicate  that  ihe  segment  is  built  up  of  a  scries  of  conical  sections,  each  of  which  is  bevelled  at  Itt 
ends,  and  the  bevels  are  arranged  in  an  imbricate  manner,  the  one  over  the  other  ( Fig.  yi"^),  "tiilr 
the  slight  interval  between  them  appears  as  an  incisure.  Each  such  seaion  of  the  white  niiiiciii 
called  a  cylinder  cone  (A'uhnr).\ 

Neuro-Keratin  Sheath. — .According  to  Ewald  and  Kilhne,  the  axis  cylinder,  as  well  u  the 
white  substance  of  S<:hwaiin,  is  covered  with  an  excessively  delicate  shealh,  consisiing  of  »«(»■ 
krratin,  and  the  two  sheaths  are  connected  by  numerous  transverse  and  obliijoe  fibril*,  which  p<F 
meate  tlic  white  subsiancc.     [The  myelin  seems  to  lie  in  the  inter^ices  of  this  me*h-work.] 

[Rod-like  Structures  in  Myelin.— If  a  nerve  be  hardened  in  ammoHium  ihrvm^i*  (or/*t"r 
aru()t  M'Canhy  has  .<thnwn  th.it  the  myelin  exhibits  rod-like  structures,  radiating  frxjm  the  axis  efl' 
inder  outward,  and  which  arc  stained  with  logwood  and  carmine.  The  rods  are  protiably  not  <to- 
tinct  from  e-ich  niher.  but  are,  perhaps,  paa  of  the  neurokeratin  network  already  descril»ed.] 

[Action  of  Nitrate  of  Silver. —  When  a  small  nerve,  ^.4'.,  the  intercostal  nerve  of  a 
acted  on  by  silver  nitrate,  it  is  seen  to  be  covered  by  an  endothelial  sheath  compoied  of 
endothelial  cells  (Fig.  339^,  while  the  ncn*c  fibres  themselves  exhibit  crosses  along  their 
These  crosses  are  due  to  the  penetration  of  the  silver  solution  at  the  nodes  where  it  stains  the  cemrti 
substance  and  also  part  of  the  axi>  cylinder,  so  that  the  latter  sometimes  exhibits  trao>verse  wui' 
ings  called  Fromann's  lines  [Fig.  335,  8).] 

[New  Methods. — Much  progress  ha.s  recently  been  moile  in  tracing  the  course  of  merlBll 
nerve  (ibres  by  the  anii*ti  of  new  staining  rea;4ent5  ;  thus,  acid  fuchsin  stains  the  myelin  deeplyt 
ing  the  other  parts  unstained,  at  least  it  can  he  so  manipulated  as  tn  yield  this  result.  Weigen 
that  the  myelin  is  nI»o  <>tAincd  by  logwood  after  a  ti««ue  has  been  hardened  in  cupnc  snlphstr  fsr 
acetate)  and  a  chromium  salt.  Hy  these  methods  meduUatctl  libres  have  been  [raced  when  1^ 
existence  was  }>revlously  not  surmised.] 

In  the  spinaj  nerves  those  fibres  are  thickest  which  have  the  longeil  course  before  ihtft^ 
their  end  organ  {Sfhwftfhr).  while  those  ganglion  cells  arc  larg«4  which  send  out  the  lonccM 
fibre*  ( /Vcrrrf).     [fj.isken  finds  that  the  longest  nerves  are  not,  neccwarily,  the  thicknt,fi 
visceral  nerves  in  the  vagus  are  small  nerves,  and  yet  run  a  very  long  course.] 

Division  of  Nerves. — Nerve  Hbre.<  run  in  the  nerve  trunks  without  dividing;  Inrt 
approach  ihcir  termination  they  often  divide  dicbotomously  [at  a  node],  giving  rise  to  1 
fibres,  but  there  may  l»e  several  branches  at  a  node  (Fig.  341,  t). 
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FThe  divisons  arc  numerouK  in  motor  nerves  to  sirip<d  muacles.]  In  the  electrical  nerve?  of  the 
muftpterurus  and  gymnotu't,  there  is  n  great  accumulation  of  Schwann's  &lieattis  round  a  nerve,  m> 
that  a  nerve  Hbre  if-  as  iliick  as  a  sewing  needle.  Such  a  fibre,  when  it  divides,  breaks  up  into  a 
bundle  of  smaller  fibres. 

Nerve  Sbeaths. — [An  anatomical  nerve  iniiik  consists  of  burtJfts  of  nerve  fibres.  The  bundles 
are  held  together  by  a  common  connective-ltssue  sheath  (Fig.  340,  ep),  the  epineurlum  {Axti  Kfy 
a^y^t'ftiWj'),  which  conUins  the  larger  blood  vesself),  lymphatics,  ami  sometimes  fat  and  pbsma 
cells  ]  Each  bundle  is  surrounded  with  its  own  sheath  or  perineurium  (/c)  [which  consists  of 
lamellaled  connective  lisviir  disposed  circularly,  and  between  the  lamelhr  are  lymph  spaces  lined 
by  Battened  endothelial  plates].  These  lymph  spaces  may  be  injected  from  and  communicate  with 
the  lymphatics. 

[The  nerve  fibres  within  any  bundle  are  held  together  by  delicate  connective  tissue,  which  pene- 
tr»tes  between  the  adjoining  6bres,  constituting  the  endoneurium  {ed).  It  consists  of  delicate 
fibres  with  branched  connective-tissue  corpuscles  (Kig.  335,  6,  d),  and  in  it  lie  the  capillaries,  which 
arc  not  very  numerous,  and  are  arranged  to  form  elongated  open  meshes.] 

[Henle's  Sheath. — When  n  nerve  is  traced  to  its  disinbutiun,  it  branches  a.nd  becomes  smaller, 
nntd  it  m^iy  cnnsi^i  imly  of  a  few  bundles  or  even  a  single  bundle  of  nerve  fibres.  As  the  bundle 
branches,  it  has  to  give  off  part  of  its  lamcUated  sheath  or  [icnneunum  to  each  branch,  so  thai,  ss 
{XL&s  to  the  periphery,  the  smaller  bundles  arc  surrounded  by  few  lamcllx.     In  a  btiadle  con* 


Fig.  340. 
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taintngonly  a  few  fibres,  this  shealli  may  be  much  reduced,  or  consist  only  of  thin,  flattened  connective- 
tissue  corpuscles  with  a  few  fibres.  A  sheath  surrounding  a  few  nerve  fibres  is  called  Henle's  Sheaik 
^A'lirtvier).] 

[Ncrvi  Nervorum.— Marshall  and  v.  Horsley  have  «hawQ  that  the  nerve  sheatha  arc  provided 
willi  special  nerve  fibres,  in  virtue  of  which  they  are  endowed  wiih  sensibility.] 

Development. — At  first  ner\'e  fibres  consist  only  of  fibrils,  which  become  covered  with  connective 
substance,  and  ultimately  the  white  sub<4iance  of  Schwann  is  develupeil  in  some  of  them.  The 
growth  in  length  of  the  fibres  takes  place  by  elongation  of  the  individual  "  interannular  "  segments, 
and  also  by  the  new  formation  of  these  (  I'ij^na/). 

11.  Oanglionfc  or  Nerve  Cells.— 1.  Multipolar  nerve  cells  (Fig.  335,1)  occur  partly  as 
/dfy*- cells  (too  ,'i,  and  are,  therefore,  visible  to  the  unaided  eye).  In  the  anterior  horn  of  the 
spinal  cord,  and  in  a  diflercnl  form  in  the  cerebellum,  and  partly  lu  a  smaUer  form  (20  to  lo  fx.)  in 
the  posterior  horns  of  the  spinal  cord,  many  pans  of  the  cerebrum  and  cerebellum,  and  in  the 
retina.  They  may  be  spherical,  ovoid,  pyramidal  [cerebrum],  pear-  or  flask  shaped  [cerebellum], 
and  are  provided  with  numerous  branched  processes  wliich  give  the  cells  a  characteristic  appear* 
ance.  They  are  devoid  of  a  cell  envelope,  are  of  soft  consistence,  and  exhibit  a  fibrillated  stnicture, 
which  may  extend  even  into  the  processes.  Fine  granules  lie  scattered  throughout  the  cell  sub- 
stance between  the  fibrils.  Not  uufrcqucnily  yellow  or  brown  granules  of  pigment  arc  nUo  found, 
cither  collected  at  certain  pans  in  the  cell  or  scattered  throughout  it.     The  relatively  large 
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Fic.  541.  ni/r/iTwj- con«sL«  of  a  clrar  ciivelo(»c  cnclosine  »  re*t»» t- 

It  does  not  nppcsir  to  have  a  membrane  in  youth  (A.  ' 
the  nucleus  lies  the  nutUoluj,  which  in  ihc  recent  co: 
lar,  providc<l  wiih  [itoce&ve»  and  capable  of  motion,  hut  «ttcT 
is  highly  refractive  anri  spherical.  One  nf  the  prtfttutx  b 
unhranthtd^zvtx\%\!\\\x\\v\^  the  axUl  cylinder  process  1 1,  >), 
remains  unhranched;  but  it  Mx>n  becomes  covere'l  with  ihtvtitt 
substance  of  Schwann  and  the  other  ^hcaths  of  a  meilulLitr<1  nem. 
BO  that  il  becomes  the  axial  c)*lindcr  of  a  nerve  fibre.  [Tlmj  ■  nem 
fibre  is  merely  an  excessively  long,  unbranched  proceu  of  1  ncrrt 
Cell  pushed  oulu-ard  Inward  the  pctipher)-.]  It  is  not  dehnitcljtsaf' 
tained  that  the  cerebral  cells  have  such  processes.  All  the  cOw 
processes  divide  very  frefiuenity  until  ihey  form  a  branched.  rool-Ut. 
complex  aaangcmcnt  of  the  finest  primitive  librils.  These  ut  alM 
protoplasmic  processes  (I,,v)-  By  means  of  these  pmcesMs  id- 
joining  cells  are  brought  into  communication  mth  each  othei,  so  ttut 
impulses  can  be  conducted  from  one  cell  to  another.  Funber,  mn^ 
of  these  fibrils  approximate  to  each  other  and  join  together  to  fora 
axis  cylinders  of  other  nerve  fibres, 

2.  Bipolar  cells  arc  best  developed  in  fishes,  f./.,  in  the  ifioil 
ganglia  of  the  skate,  and  m  the  Gasscrian  ^uiglion  of  the  |At. 
They  apjiear  (o  be  nucleated,  fusiform  enbrgements  of  ihe  ua 
cylinder  (Fig.  335.  on  the  right  of  1).  The  white  substance  oAn 
stops  short  on  each  side  of  Ihc  cnlnrgemcnt,  but  sometimes  Ihe  whse 
subeiance  and  the  sheath  of  Schwann  pass  over  the  enlaigemcnt 

3.  Nerve  cells  with  connective-tissue  capsules  occur  in  Uw 
peripheral  gangliti  of  man  (I'ig.  333.  11).''-  §•,  m  Ihe  ipmal  pa* 
glia.  The  solt  body  of  the  cell,  which  ts  provulcd  with  kcvcnl 
procefists,  is  coveted  by  a  thick,  lough  capsule  composed  of  k«- 
eral  layers  of  connective- tissue  cori>usclcs;  while  the  inner  snrfue 
of  the  composite  capsule  is  lined  by  a  layer  of  delicate  ewkilheUd 
cells  (Fig.  341).  The  body  of  the  cells  in  the  spinal  csogfii  ■ 
traversed  by  a  network  of  tine  6brils  {hlemming).  The  CBpnik  H 
continuous  with  the  sheath  of  the  nerve  tibrc. 

Kawitz  and  O.  Rct<cius  fmd  that  the  cells  of  the  spinal  gaaslia  M 
unifio/ar,  the  outgoing  fibre  taking  a  half  turn  witliin  the  CSpMili 
l>ef(tre  it  leaves  the  cell  (Fig.  341 }.  Ketzius  [and  Kanvicr]  obMrred 
the  process  to  divide  like  a  T.  Fcrhap>  this  division  corre^pdndi  U 
the  two  processes  of  a  bipolar  cell.  The  jugular  ganglion  aad  plesa 
Cell  from  theGu.terliinsAn|hon.  gangltiformts  vagi  in  man  contain  only  unipolar  cells,  so  that,  in  uliifr 
spcct,  they  may  be  compared  to  >piiial  ganglia.  The  same  t>  the  cMell 
toe  Gosserian  ganglion;  while  the  ciliary,  sphenopalatine,  otic  and  n^ 
maxillary  ganglia  struciarmlly  resemble  the  ganglia  of  the  lympoUutk. 
4.  Qangllonic  cells  with  spiral  fibres  \B(att,J.  Arn,'U)  occur  chicHy  in  the  abdoniail 
sympathetic  of  the  frog.  The  budy  ol  the  cell  is  usually  nyiiform  in  shape,  nnd  from  it  pwosrfl 
a  Btraight  unbranched  proce*^  (Fig.  335,  III,  n).  which  uliimolely  becomes  the  axis  cylinder «f  I 
nerve.  A  spiral  tibrc  springs  from  the  cell  (?  a  network),  emerges  from  il.  and  curves  in  a  i(Mtl 
direction  round  the  former  ivY  The  whole  cell  is  surrounded  by  a  nucleated  capsule  (mi.  Wt 
know  nothing  of  the  slgniRcance  of  the  difTerenl  6bres. 


nucki  of  the  ihcath  :  /, 
fibre  divtding  at  a  t»de  ol 
Rgtnvicr. 


322.  CHEMISTRY  OF  THE  NERVOUS  SUBSTANCE.-Me- 
chanical  Properties  of  Nerves.— i.  Proteids.— Albumin  occurs  chiefly  is 
the  axis  cylinder  and  in  the  substance  of  the  ganglionic  celU>.  Some  of  thiijuo- 
tcid  substance  presents  characters  not  unlike  those  of  myosin  (§  293).  Dutitt 
solution  of  common  salt  extracts  a  protcid  from  nervous  matter,  which  is  precipi- 
tated by  the  addition  f:\{  much  water  and  also  by  a  concentrated  solution  o( 
common  salt  ( Pttrawsky^,  Potash  a/^t/min  amd  ^  giobulin-Hke  substance  2Xt  al*o 
present.  Albuminoids. — NucUin  occurs  especially  in  the  gray  matter  ($  350, 
2),  while  neuroktratm,  a  body  containing  much  sulphur  and  closely  related  to 
keratin,  occurs  in  the  corneous  sheath  of  nerve  fibres  (p.  564).  If  gray  nerrow 
matter  be  subjected  to  artificial  digestion  with  trypsin,  both  of  these  substincci 
remain  undigested  [KOhm  and  Ewald).  Pure  neurokeratin  is  obtained  by  trot* 
ing  the  residue  with  caustic  potash.  The  sheath  0/  Sehwann  does  not  yicM 
gelatin,  but  a  substance  closely  related  to  e/astin  (§  250,  6),  from  which  it  diAm> 
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jver,  in  being  more  soluble  in  alkalies.     The  connective  tissue  of  nerves 
gelatin. 
2.   Fats  ami  oth^r  allied  substames  soluble  in  ether^  more  especially  in  the  white 
matter:  (rt)  Cerebnn,  free  from  phosphorus  (§  250,  3). 

If  is  a  white  powder  com|K)sed  of  spherical  granules  soluble  in  hot  alcohol  and  ether,  but 
insoluble  in  cold  water.  It  is  decomposed  at  80°  C,  and  it*  solutions  are  neutral.  When  boiled 
for  a  luu^  tiiTic  with  acids  it  splits  up  into  a  left  niiatory  txidy  like  sugar,  and  anolher  unknown  [to- 
duct.  Preparation. —  Kub  up  the  brain  into  a  thin  iluid  with  baryta  water.  Extract  tlie  separated 
cuagulum  with  boiling  alcohol.  The  extract  is  fre^jucntly  treated  with  cold  ether  to  remove  the 
choicslerin  { IV.  Malltr).  Parkus  separated  from  cerebrin  its  homologue,  taomocerebhn,  which  is 
slightly  more  soluble  in  alcohol,  and  the  clyster-like  body,  encephalin,  which  is  soluble  in  hot 
water, 

{b)  Lecithin  {^  251)  and  its  decomi>osition  products — g I ycero- phosphoric  acid 
and  oleo-phosphoric  acid. 

Neurin  (or  Cholin  =CjH,^N02)  is  a  stroi^ly  alkaline,  colorless  fluid,  forming  cr}stanine 
^bIi^  with  acids.  It  is  wluhic  in  water  and  alcohol,  and  has  been  formed  synthetically  from  glycol 
|md  irimethylamin.     Lecithin  is  a  salt  of  the  base  neurin. 

fr)  Protagon,  which  contain.s  N  and  P,  is  similar  to  cerebrin,  and  is,  accord- 
ing to  its  discoverer  i^Licbreich),  the  chief  conslittienl  of  the  brain. 

Atcordint;  la  Hoppc-Scyler  [and  Diaconow],  it  is  a  mixture  of  lecithin  and  cerebrin.  [The 
investigations  of  Ganiget  and  lUankenhoin  have  shown,  however,  that  protagnn  is  a  detmiie 
chemical  body.  I'hey  tind  that,  instead  of  being  unstable,  it  is  a  very  stable  body.]  It  is  a  glyco- 
side, and  crystalline,  and  can  be  extracted  from  the  brain  by  warm  alcohol,  and  when  boiled  with 
baryta  yields  the  decoiu[K)sition  products  of  lecithin. 

J.  The  folloA-inf;  substances  arc  extracted  by  water  :  Xanthin  and  hypoxanthia  {Seherer)  krcatin 
( l^rrfk),  inosii  ( /*'.  MuiUr)^  ordinary  lactic  acid  ( iiichcidUH),  and  volatile  fatty  acids ;  leuciii  (in 
diseftse),  ur^a  (in  unemia).  All  the^ie  sub>>tances  are  for  the  most  part  products  of  the  regressive 
metabolism  of  the  tissues. 

Reaction. — Nervous  substance,  when  passive,  is  neutral  or  feebly  alkalme  in 
reaction,  while  active  {?  and  dead)  it  is  acid  {Fiinke).  The  gray  matter  uf  the 
brain,  when  t|utte  fresh,  is  alkaline  {Lielreich)y  but  death  rapidly  causes  it  to 
become  acid  {GschtiUlen). 

The  reaction  of  nerve  fibres  varies  during  life.     After  introducing  methyl-blue  into  the  body  of 

a  living  animal,  I^hrtich  found  that  the  axis  cylinder  t>ecame  blue,  i.^.,  in  those  nerves  which  have 

|in  alkaline  reaction  (cortex  cerebri,  cardiac,  sensory,  motor  (non-stripctl),  gustatory  and  oUacinry 

Kires),  while  the  termination  of  motor  (voluntary)  nerves  remain  uiiculored.     The  latter  he  regards 

%acid. 

The  nerves  after  death  have  a  more  solid  consistence,  so  that  in  all  probability 
some  coagulation  or  change,  comparable  to  the  stiffening  of  muscle  (§  295), 
occurs  in  thera  after  death,  while  at  the  same  lime  a  free  acid  is  liberated.  Il  a 
fresh  brain  be  rapidly  "  broiled  "  at  loo'^  C,  it,  like  a  muscle  similarly  treated, 
remains  alkaline  (^§  295.) 
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MECHANICAL  STIMULI, 


In  lOO  parts  of  Ash,  Urctd  fminH  potash  32,  so<U  1 1,  magnesia  2.  time  0.7,  XsO  $.  iiOB  pin*- 
phnte  1.2,  lixcd  phosphoric  acid  39,  *ul)>liunc  ncid  o.i,  silicic  acid  o^. 

[Hiomaincs  (p.  275)  arc  obtained  from  putrefied  lirain.  They  have  an  effect  on  the  mnioc  omn 
like  curara,  but  in  a  much  less  degree,  while  the  phenomena  la*t  for  a  much  shorter  time  ( f/Mtrarii 

ami  Af{'S}o).\ 

Mechanical  Properties, — One  of  the  most  rt-markable  mechanical  propct- 
ties  of  nerve  filjros  is  the  absence  of  clastic  tension  according  to  the  varying;  pai- 
tions  of  the  body.  Divided  nerves  do  not  retract ;  such  ner\*cs  exhibit  deliciie. 
microscopic,  transverse  folds  (Fontana's  trans\'eree  markings)  [like  watered  silk]. 

The  cohesion  of  a  nerve  is  very  considerable.  When  a  limb  is  forcibly  torn 
from  the  body,  as  sometimes  happens  from  its  becoming  entangled  in  machinery, 
the  nerve  not  tinfrequently  remains  imsevered,  while  the  other  soft  parts  arc  mj*- 
tured.  [Tillaux  found  that  a  weight  of  no  to  120  lbs.  was  required  to  rupture 
the  sciatH:  nerve  at  the  popliteal  space,  while  to  break  the  median  or  ulnar  Dervr 
of  a  fresh  body,  a  force  eqtial  to  40  to  50  lbs.  was  required.  The  toughness  ird 
elasticity  of  nerves  are  often  well  shown  in  cases  of  injury  or  gun-shot  wounds. 
The  median  or  ulnar  nerve  will  gain  15  to  20  centimetres  (6  to  8  inchcsj  before 
breakmg.  Weir  Mitchell  has  shown  that  a  healthy  nerve  will  bear  a  very  con* 
siderablc  amount  of  pressure  and  handling,  and,  in  fact,  the  method  of  oent 
stretching  de|x;nds  ujK)n  this  property  of  a  nerve  tnink.] 

323.  METABOLISM  OF  NERVES.— Influence  of  Blood  Supply. 

— We  know  very  Itttle  regarding  the  metabolic  processes  that  occur  in  nerve  liswf- 
Some  extractives  are  obtained  from  nerve  tissue,  and  they  may,  perhaps,  be  re- 
garded as  decomposition  products  (p.  567).  Jt  has  not  been  proved  satisfactonlv 
that  during  the  activity  of  nerves  there  is  an  exchange  of  O  and  CO,.  Thai  there 
is  an  exchange  of  materials  within  the  nerves  is  proved  by  the  fact  that  after  COD' 
prcssion  of  the  blood  vessels  of  the  nerves,  the  excitability  of  the  Dcnres 
falls,  and  is  rchtortd  ag.iin  when  the  circulation  is  re-established.  ComprcssioQ of 
the  abdominal  aorta  causes  paralysis  and  numbness  of  the  lower  half  of  the  body, 
while  occlusion  of  the  cerebral  vessels  causes  almost  instantaneously  cessatioaof 
the  cerebral  functions.  The  metabolism  of  the  central  nervuus  organs  ii  nucb 
more  active  than  that  of  the  nerves  themselves.  [If  the  abdominal  aorta  of  s 
rabbit  be  compressed  for  a  few  minutes  the  hind  limbs  are  quickly  i»aralytcd,  ibc 
animal  crawls  forward  on  its  fore  legs,  drawing  the  hind  limbs  in  an  extetid«J 
position  after  it.]     The  ganglia  form  much  lymph. 

324.  EXCITABILITY   OF   THE   NERVES— STIMULI.-Nerves 

posiiess  the  properly  of  being  thrown  into  a  state  of  excitement  by  stimuli,  ifid 
are,  therefore,  said  to  be  excitable  or  irritable.  The  stimuli  maybe  apphcilto, 
and  may  act  ui>on,  any  i>art  of  the  nerve.  [The  fallowing  arc  the  various  kind* 
of  stimuli,  /.  ^.,  modes  of  motion,  which  act  upon  nerves]  : — 

I.  Mechanical  stimuli  act  upon  nerves  when  they  are  applied  with  sufficicot 
rapidity  to  produce  a  change  in  the  form  of  the  nerve  panicles,  ^.^.,  a  blo«i 
pressure,  pinching,  tension,  puncture,  section.  In  the  case  of  sensory  ncrv* 
when  they  are  stimulated,  pain  is  produced,  as  is  felt  when  a  limb  "sleeps,"  <* 
when  pressure  is  exerted  upon  the  ulnar  nerve  at  the  bend  of  the  elbow.  When* 
motor  nerve  is  stimulated,  motion  results  in  the  muscle  attached  to  the  nerve.  » 
the  continuity  of  the  nerve  fibres  be  destroyed,  or,  what  is  the  same  thing,  if  tl* 
continuity  of  the  axial  cylinder  be  interrupted  by  the  mechanical  stimulus,  il>e 
conduction  of  the  impulse  across  the  injured  part  is  interrupted.  If  the  molecol*' 
arrangements  of  the  nerves  be  permanently  deranged,  f.  f.,  by  a  violent  shock, 
the  excitability  of  the  nerves  may  be  thereby  extinguished. 

A  slight  blow  applied  to  the  radii!  nerve  in  the  fore  arm,  or  to  the  axillaiy  nerrcs  ja  tbenf 
clavicular  groove,  is  followed  hy  a  coniraclion  of  the  mu5clcs  supplied  by  these  nerre*.  U**" 
jMithoIogical  conditions  the  excitability  of  a  iicrve  for  mechanical  stimuli  may  ht  increasdl  c"^ 
mouily. 
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>ersledl  ascerUined  Ihat  the  minimal  mechanical  s(imulQ3  is  represenlc:)  hy  Qoo  milllgrani- 
ntllimctrts.  an'i  tlic  mtixirtmrn  l>y  7000  to  8000.  Slronj;  stimuli  caii^c  fiti^ucj  but  llic  r.Uij;iic  due« 
101  extend  tieyoiifl  the  i>an  *tiraulated.  A  nen'c  when  stiinulate'l  mechanically  docs  not  l>ccome 
ind.  Slight  presMire  without  tension  increases  the  excitability,  which  diminishes  after  a  short  time. 
The  mechanical  wurk  producetl  hy  an  excited  muscle  in  conse<)uencc  of  a  stimulus  was  100  times 
j^caier  than  the  mechanical  energy  of  the  mechanical  nerve  stimulus. 

Continued  pressure  upon  a  mixed  nerve  paralyzes  the  motor  sooner  than 
ihe  sensory  fibres.  If  the  stimulus  be  applied  vfry  ^raUually,  the  nerve  may  l>e 
rendered  inexciiable  without  manifesting  any  signs  of  its  being  stimulated  (/v'/i- 
fana^  J7S^>-  i^^ralysis,  due  to  continuous  pressure  gradually  applied,  may  occur 
in  the  region  supplied  by  the  brachial  nerves;  the  left  recurrent  laryngeal  nerve 
ilso  may  be  similarly  paraly/ed  from  the  pressure  of  an  aneurism  of  the  arch  of 
the  aorta. 

By  increasing  the  pressure  on  a  nerve  by  using  a  gradually  increasing  weight,  there  is  At  first  an 
tncrcateand  then  a  decrease  of  the  evcitahitity.  Trcs'^urc  on  a  mixed  nerve  at>olish«s  rcl^ex  con- 
iucfion  sonner  than  motor  conduction  {Ktontcktr  anj  Zrtifrbaum). 

Nerve  stretching  is  one  of  the  methods  that  has  recently  been  employed  for  therai>eutical  pur- 
poses. If  a  nerve  he  exjiosed  and  stretched,  or  if  a  cennin  tension  be  exerted  upon  it,  this  acts  as 
K  ttimulus.  Slight  extension  increx-ies  the  reHex  excitabiiily  {Sihltifh)^  while  violent  extension  pro* 
ihices  a  temporary  diminution  or  abolition  of  the  excitability  (  V'aUntiH\.  The  centripetal  lihres 
fsensor>-)  of  ihc  sciatic  nerve  are  sooner  paralyzed  thereby  than  the  centrifugal  motor  ((,t>«/-ji/). 
During  the  process  of  extenuon  mechanical  changes  are  produced,  either  in  the  nerve  ilself  or  in 
its  end  organs,  causing  an  alteration  of  the  excitabiliiy,  but  it  may  also  afTect  the  central  organs. 
The  paralysis  which  sometimes  occurs  alter  forcihle  stretching  usually  rapidly  disappears.  There- 
fore, when  a  nerve  is  in  an  excessively  excitable  condition,  or  when  this  is  due  to  an  inHammaiury 
fixation  or  constriction  of  the  nerve  at  &oroe  part  of  its  course,  then  nerve  stretching  may  be  uiiteful, 
partly  by  diminishing  the  excitability,  partly  liy  breaking  up  the  inflammatory  adhesions.  In  cases 
where  stimulation  of  an  afferent  nerve  gives  rise  to  eptleptic  or  tetanic  spasms,  nerve  stretching  miy 
be  useful  by  diminishing  the  excitability  at  the  periphery,  in  addition  to  the  other  efTecls  already 
described.  It  has  also  been  empluyed  in  some  spinal  affections,  which  may  not  as  yet  have  resulted 
in  marked  dcgcncialivc  changes. 

Tetanomotor. —  For  physical  purposes,  a  nerve  may  be  stimulated  mechanically  by  me.ins  of 
Heidenhain\  tetanomotor,  which  is  simply  ^n  ivory  hammer  attac^ied  to  the  prolonged  spring  of 
a  Neef's  hammer  of  an  induction  machine.  The  rapid  vibration  of  the  hammer  communicates  a 
teries  of  mechanical  shocks  to  the  nerve  upon  which  it  is  caused  to  t>cat.  Rhythmic  extension  of 
a  nerve  causes  contractions  and  even  tetanus. 

2.  Thermal  Stimuli. — If  a  frog's  nerve  be  heated  to  45°  C,  its  txiifabiiiiy 
is  first  increased  and  then  diminished.  The  higher  the  temperature,  the  greater 
is  the  excitability,  and  the  shorter  its  duration  {A/anasieff ).  If  a  nerve  be  heated 
to  50*^  C.  for  a  short  time,  us  excitability  atui  conductivity  are  abolished.  The 
frog's  nerve  alone  regains  its  excitabiliiy  on  being  cooled  {Pick/oni,  J.  Rostnthai ). 
If  the  temperature  be  raised  to  65°  C,  the  exc  liability  is  abolished  without  the 
occurrence  of  a  contraction,  while  its  medulla  is  broken  up  {Eekhani ).  Sudden 
cooling  of  a  nerve  to  5°  C.  acts  as  a  stimulus,  causing  contraction  in  a  muscle, 
while  sudden  heating  to  40"  lo  45°  C  produces  the  same  result.  If  the  temper- 
ature be  increased  still  mure,  instead  of  a  single  contraction  a  tetanic  condition 
is  produced.  All  such  rapid  variations  uf  temperature  quickly  exhaust  the  nerve 
and  kill  it.  If  a  nerve  be  frozen  gradually,  it  retains  its  excitability  on  being 
thawed.  The  excitability  lasts  long  in  a  troo/ei/  nerve  ;  in  fact,  it  is  increa.sed  in 
a  motor  nerve,  but  the  contractions  are  not  so  high  and  more  extended,  while  the 
conduction  in  the  nerve  takes  place  more  slowly.  Among  mammaiittn  nerves,  the 
afferent  and  vaso-dilator  nerves  at  45^  lo  50°  C.  exhibit  the  results  of  stimulation, 
while  the  others  only  show  a  change  in  their  excitability.  When  cooled  to  -j-  5*^ 
C,  the  excitability  of  all  the  fibres  is  diminished  {Gnlfzner). 

3.  Chemical  Stimuli  excite  nerves  when  they  act  so  as  to  change  their  con- 
stitution with  a  certain  rapidity  (p.  509).  Most  chemical  stimuli  act  by  first  in- 
creasing the  nervous  excitability,  and  then  diminishing  or  paralyzing  it.  Chem- 
ical stimuli,  as  a  rule,  have  less  etTecl  u|X)n  sensory  than  upon  motor  fibres  {^Eck- 
hard,  Setsckenovi).     According  to  GriJtzner,  the  inactivity  of  chemical  stimuli, 
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so  often  observed  when  Ihey  arc  applied  to  sensory  nerves,  depends  in  great  \iui 
upon  the  non-simultaneous  slimtilation  of  all  the  nerve  fibres.  Among  chrmial 
stimuli  are — (a)  rapid  abst/acfion  of  loaUr  by  dry  air,  blotting  paper,  cxjxsore 
in  a  chamber  containing  sulphuric  acid,  or  by  the  action  of  sobjiions  which  il)- 
sorb  fluids,  e.^.j  concentrated  solutions  of  neutral  alkabne  salts  (NdCLmcilo 
only  motor  fibres  in  mammals — Gtiitzncr],  sugar,  urea,  concentrated  glycerin (iwl 
?  some  metallic  salts).  The  subsequent  addition  of  water  may  al>oli!ih  thecontrai:* 
lions,  while  the  nerve  may  still  remain  excitable.  The  abstraction  of  water  lint 
increases  and  afterward  diminishes  the  excitability.  The  imbibition  of  XL^xter 
diminishes  the  excitability,  {b)  Free  alkalies,  midcral  acids  (not  phosphoric!, 
many  organic  acids  ^acetic^  oxalic,  tartaric,  lactic),  and  most  satis  of  the  hesirv 
metals.  While  the  acids  act  as  stimuli,  only  when  they  are  somewhat  cdncra- 
tmted,  the  caustic  alkalies  act  in  solutions  of  0.8  to  o.  i  per  cent.  (Xuhne). 
Neutral  potash  salts  in  a  concentrated  form  rapidly  kill  a  nerve,  but  iheydonuiei- 
citc  it  nearly  .so  strongly  as  the  soda  compounds.  Dilute  solutions  of  the  nculril 
pola.sh  salts  first  increase  and  afterward  diminish  it  (^RanMe),  {£)  Various  juI>- 
slances,  e.g.,  dilute  alcohol,  ether,  chloroform,  bile,  bile  salts,  and  sugar.  Thoc 
substances  usually  excite  contractions,  and  afterward  rapidly  kill  the  nerve.  Am- 
monia {£rl'Aiir,/),  lime  water  {KUhne),  some  metallic  .salts,  carl>on  bisulphide 
and  ethereal  oils  kill  the  nerve  without  exciting  it — at  least  without  produoiif 
any  contraction  in  a  frog's  nerve-muscle  pre{)aration.  Carbolic  acid  docs  (he 
same,  although  when  applied  directly  to  the  spinal  cord  it  produces  sposmi 
These  substances  excite  the  muscles  when  they  are  directly  applied  to  then. 
Tannic  acid  does  not  act  as  a  stimulus  either  to  nerve  or  muscle.  As  a  genenl 
rnlc,  the  stimulating  solutions  must  l>e  more  concentrated  when  applied  to  a  nerve 
than  10  a  mascle,  in  order  that  a  contraction  may  be  pr  )duced. 

[Methods.—  If  n  ncnre-inuscle  preparation  of  a  frug's  limb  be  made,  and  a  ttraw  Ihg  ip.  jd^ 
aUached  to  the  toes  while  the  femur  Is  ttxed  in  a  clamp,  and  its  nerve  be  then  dipped  in  1  utuntrl 
solution  of  cotnnion  sail,  the  iocs  Mwn  begin  to  iwiich,  and  l>v  and  by  the  whole  limb  beaeo 
tetanic,  and  thus  keeps  the  »traw  6aj>  extended.  The  cflca  of  fluid  on  a  muscle  or  nerve  is  oadf 
lesied  by  lixin^  the  muscle  In  a  clamp,  while  a  d)up  of  the  tluid  is  placed  on  a  )^a*ed  mfaf, 
which  gives  it  a  convex  fonn  {A'uMnf).  Ihe  end  of  the  muscle  or  nerve  is  then  Ijrooghl  into  OB- 
liict  with  the  cu|ioIa  uf  t)ic  drop.] 

4.  The  Physiological  or  normal  stimulus  excites  the  nerves  in  the  nonml 
intact  body.  Its  nature  is  entirely  unknown.  The  •'  nerve  motion  "  thereby «e< 
up  travels  either  in  a  *' centrifugal "  or  outgoing  direction  from  the  centjal 
nervous  system,  giving;  rise  to  motion,  inhibition  of  motion,  or  secretion;  or (8 
a  '*  centripetal  "  or  ingoing  direction  from  the  specific  end  organs  of  the  ncn^ 
of  the  special  senses  or  the  sensory  nerves.  In  the  latter  case  the  impulse  rocbch 
the  central  organs,  where  it  may  excite  sensation  or  perception,  or  it  may  be 
transferred  to  the  motor  areas  and  be  conducted  in  a  centrifugal  direction,  co(^' 
siiiuiing  a  "reflex"  stimulation  (§  360).  \  single  physiological  nerve  impobf 
travels  more  slowly  than  that  exi  ited  by  the  momentary  application  of  an  indoc- 
tion  shock  (Z(«r//,  r.  A'ries).  It  is  not  a  uniform  process,  excited  by  varyin| 
intensity  and  greater  or  less  frequency  of  stimulation,  but  it  b  essentially  a  pro- 
cess varying  considerably  in  duration,  and  it  may  even  last  as  long  as  yi  ncoikI 
("/.  A'ries). 

5.  Electrical  Stimuli. — The  electrical  current  acts  most  powerfully  upon  the 
nerves  at  the  moment  when  it  is  apptieJ^  and  at  the  moment  when  it  (Htet 
K%  a'^)  \  to  *  similar  way,  any  increase  or  decrease  in  the  strength  of  a  constwt 
current  acts  as  a  stimulus.  If  an  electrical  current  be  applied  to  a  nerve,  and  in 
strength  be  very  gradually  mcreased  or  diminished,  then  the  visible  stgtu  of 
stimulation  of  the  nerve  arc  very  slight.  As  a  general  rule,  the  stimulation  i* 
more  energetic  the  more  rapid  the  variations  of  the  strength  of  the  currenl  applied 
to  the  nerve,  /.  /.,  the  more  suddenly  the  intensity  of  the  stimulating  currtot  » 
increased  or  diminished  (/?«  Bois-Reymomi), 
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m  electrical  current  must  have  a  certain  strength  {liminai  inUnsity)  before  it  is 
efre<  live.  Hy  uniformly  increasing  the  strength  of  the  current,  the  size  of  the 
contraction  increases  rapidly  at  first,  then  more  slowly  i^TigersUdi  and  Wilihard'). 

An  electrical  current,  in  order  to  stimulate  a  nerve,  must  act  at  least  during 
0.0015  second  {Fick,  /Sdj,  Kiinig) ;  even  with  currents  of  slightly  longer  dura- 
lion,  the  opening  shock  may  have  no  effect.  If  the  duration  of  the  closing  shock 
of  a  constant  current  be  so  arranged  that  it  is  just  loo  short  to  be  active,  then  it 
merely  re<i«ircs  to  last  1.3  to  2  times  longer  to  produce  the  most  complete  effect 
(  Gt  Un/tagrn) . 

The  electrical  current  is  most  active  when  it  flows  in  the  /eng^  axis  of  the  nerve  ; 
it  is  inactive  when  applied  vertically  to  the  axis  of  the  nerve  [  Gaivani,J.  Aibrechtt 
A.  Meyer),  Similarly,  muscles  are  incomparably  less  excited  by  transverse  than 
by  longitudinal  currents  {Giuffr^), 

The  greater  the  length  of  nerve  traversed  by  the  current,  the  Uss  the  stimulus 
that  is  required  iP/aff,  Mar^use,  Tschirjew). 

Constant  Current. — If  the  constant  current  be  used  as  a  nenous  stimulus, 
the  stimulating  cITuct  on  the  sensory  nerves  is  most  marked  at  the  moment  of 
closing  and  opening  [or  breaking]  the  current ;  during  the  lime  the  current  passes 
only  slight  excitement  is  perceived,  but  even  under  these  circumstances  very  strong 
currents  may  cause  very  considerable,  and  even  unbearable,  sensations.  If  a  con- 
stant current  be  applied  to  a  motor  nerve,  the  greatest  effect  is  produced  when 
the  current  is  closed  [closing  contraction]  and  when  it  is  opened  [opening 
contraction].  Hut  wnile  the  current  is  passing,  the  stimulation  does  nut  cease 
completely  i^Wutuit)  ;  for,  wiih  a  certain  .strength  of  stimulus,  the  muscle  remains 
in  a  state  of  tetanus  (galvanotonus  or  "closing  tetanus*')  (PJiUgt-r).  For 
the  same  effect  on  muscles,  see  \\.  518.  With  strong  currents,  this  tetanus  does 
not  appear,  chiefly  because  the  current  diminishes  the  excitability  of  the  nerves, 
and  thus  develops  resistance,  which  prevents  the  stimulus  from  reaching  the 
muscle.  According  to  Hermann,  a  descending  current  applied  to  the  nerve, 
at  a  distance  from  the  muscles,  causes  this  tetanus  more  readily,  while  an 
ascending  current  causes  it  more  readily  when  the  current  is  closed  near  the 
muscle.  The  constant  current  is  said  by  Griilzner  to  have  no  effect  on  vaso- 
motor  and  secretory  fibres. 

Over-maximal  Contraction. — By  griKluaUy  increasing  ihe  slrengih  of  the  electrical  stimulus 
applied  to  B  motor  nerve,  tick  observed  thai  the  muscuLur  coniracitons  (height  of  the  tift^  at  first 
increaicd  proixirtionally  lo  ihc  increase  of  the  sUniulus,  until  a  maximal  contraction  wax  oWaincti. 
If  the  strength  of  the  stimulus  be  increased  still  further,  nnoiher  increase  of  the  cnntraction  above 
the  6r5t-re3chcd  maximum  is  obtained.  This  is  called  an  "  fVir-maximal iontraiUoM."  Occosion- 
ally  belu-een  the  lint  maximum  and  the  scc<jnd  there  is  a  diminution,  or.  indeed,  absence  of  or 
gap  in  the  contractions  {Fitk).  The  cause  of  this  lies  in  the  positive  pole,  which,  with  a  certain 
strength  of  current,  is  sufficient  to  prevent  the  further  transmission  of  the  excitement  {\  33S)-  On 
continuing  lo  increase  the  induction  currcot,  ultimately  a  ^oge  is  reached  where  the  fclimulaiion  at 
Ihe  negative  pole  again  becomes  stronger  than  the  inhibition  at  the  positive,  and  this  overcomes  the 
laUer.  The  contractions  before  the  gap  are  caused  by  the  occurrence  of  the  induction  current 
Itheir  latent  period  is  short);  the  contractmns  (long  latent  period,  like  that  afler  &11  opening  shocks 
—  Wi//rr,  p,  518)  aflcr  the  gap  arc  caused  by  the  disappearance  of  the  induaion  current,  i.  /.,  by 
polarifation ;  this  is  added  to  ifie  i^imulalion  proccediii]^  from  the  negative  [xilc,  which,  after  the 
gap,  overcomes  the  inhibition  at  the  positive  pule,  and  excites  the  over  maximal  coutraclians  (  Tiger- 
\tedt  anJ  H'lHAarJ), 

Tetanus. — \{  singie  shocks  of  short  duration  be  rapidly  applied  after  each  other 
to  a  nerve,  tetanus  in  the  corresponding  muscle  is  produced  (§  298,  IIF). 

A  motor  nerve  has  a  greater  specific  excitability  for  electrical  stimuli  than  the 
mu-scle  substance.  This  is  proved  by  the  fact  that  a  feebler  stimulus  suffices  to 
excite  a  muscle  when  applied  to  the  nerve  than  when  it  is  applied  to  the  muscle 
directly,  as  occurs  when  the  terminations  of  the  motor  nerves  are  paralyzed  by 
curara  {Rosenihai). 

Solimann  found  that  the  excitability  of  the  motor  nerves  of  new-born  ani- 
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mats  for  electrical  slimuH  is  less  than  in  adults.  The  excitability  increasci  ontil 
the  5th  to  lolh  month. 

Unequal  Excitability. — Under  certain  circumstances,  the  nearer  the  part  irf 
the  motor  nerve  stimulated  lies  to  the  central  nervous  system,  the  greater  is  the 
effect  produced  (contraction);  [or,  what  is  the  same  thing,  the  further  the  point 
of  a  nerve  which  is  stimulated  is  from  the  muscle,  the  stimulus  being  theunx, 
the  greater  is  the  contraction].  .According  to  Fleischl,  all  parts  of  the  nerve  vt 
equally  excitable  for  chcmicai  stimuli.  Further,  it  is  said  that  the  higher*pliced 
parts  of  a  nerve  are  more  excitable  only  when  the  slmiulating  current  passes  ioi 
descending  direction  ;  the  reverse  is  the  case  when  the  current  a.sccnds(  jWr/HMW. 
Fitischl).  On  stimulating  a  sensory  nerve,  Rutherford  and  Hallst^n  found  thu 
the  reflex  contraction  was  greater  the  nearer  the  point  stimulated  was  to  the  ceO' 
tral  nervous  system. 

Unequal  Excitability  in  the  same  Nerve. — Nerve  fibres,  even  when  func- 
tionally the  same  and  included  in  the  same  nerve  trunk,  are  not  all  equally  excitable. 
Thus  feeble  stimulation  of  the  sciatic  nerve  of  a  frog  causes  contraction  of  Ibt 
flexor  muscles,  while  it  requires  a  stronger  stimulus  to  produce  contraction  of  the 
extensors  {Hitter^  J^ojt  RolUtf).  According  to  Ritter,  the  nerves  for  the  flnon 
die  first. 

Direct  stimolaiion  of  the  mnstcles  in  curxrlzcd  animals  shows  that  the  flexora  coMtkI  «ilb  i 
feebler  stimulus  (but  also  fatigue  (oouer)  than  the  extenscm ;  the  pale  muscles  of  the  nlibU  m 
also  more  excitable  thnu  the  red.  Ait  a  rule,  poisons  affect  the  Hexors  sooner  thnn  the  ciIcrHA. 
In  some  muscles  some  pale  tihrcs  arc  present,  and  they  are  more  excitable  than  the  red  ((^niMff) 

(I  29«)- 

Unipolar  Stimulation. — If  tf«^  electrode  of  an  induction  apparatus  be  if^ 
plied  to  a  nerve  it  may  act  as  a  stimulus.  Du  Bois*Raymond  has  called  tlw 
"  unipolar  induction  action."  It  is  due  to  the  movement  of  the  electric  cunwt 
to  and  from  the  free  ends  of  the  open  induction  current  at  the  moment  of  indoc- 
tion.  [Unipolar  induction  is  more  apt  to  occur  with  the  opening  than  iheclosng 
shock,  because  the  former  is  more  intense.] 

Upon  muscle  electrical  stimuli  act  quite  as  they  do  ujx)n  nerves.  Elec- 
trtcal  currents  of  vtry  short  duration  have  no  effect  upon  muscles  who*.e  nerves  a« 
paralyzed  by  curara  {BrHcke)^  and  the  satne  is  true  of  greatly  fatigued  musclOiOr 
muscles  about  to  die  or  greatly  weakened  by  diseased  condition  (§  399 1. 

335.  DIMINUTION  OF  THE  EXCITABILITY— DEGENERA- 
TION AND  REGENERATION  OF  NERVES.— i.  Normal  Nutn- 
tion. — The  continuance  of  the  normal  excitability  in  the  nerves  of  the  body 
depends  upon  the  maintenance  of  the  iwrmal  fiutrition  of  the  nerves  thcmsdw 
and  a  due  supply  of  blood.  Insufficient  nutrition  causes  in  the  fir^t  instance  ip- 
creased  excitability,  and  if  the  condition  be  continued  the  excitability  i»  difflin- 
ished  (§  339,  I). 

When  the  phpician  meets  with  the  xij^*'  of  increased  exdtahifify  of  tfu  ments,  uwScr  tut  v 
abnormal  conditions  of  nutrition,  this  is  to  be  regarded  as  ibe  banning  of  the  suge  of  deatui^ 
the  nerve  energy.     Invigorating  measures  are  re<juired. 

If  the  terminal  mmous  apparatus  be  subjected  to  a  temporary  disturbance  ofitt 
nutrition,  the  return  of  the  normal  nutritive  process  is  heralded  by  a  moit  or  lea 
marked  stage  of  excitement.  The  more  excitable  the  nervous  appantui  th< 
shorter  must  be  the  duration  of  the  disturbance  of  nutrition,  ^-^g-t  cuuiog  0^ 
the  arterial  blood  supply  or  interfering  with  the  respiration. 

2.  Fatigue. — Continued  excessive  sHmuhtion  of  a  nerve,  without  iuffiawt 
intervals  ol  rci>ose,  czuscs  fatigue  of  the  nerve,  and  by  exhaustion  rapidly  diniW' 
ishes  the  excitability.  A  nerve  is  more  slowly  fatigued  than  a  muscle  {^Jiemitn*)% 
but  it  recovers  more  slowly  (§  304).  [Nerves  of  cold-blooded  animals  (.  IViJens^]^ 
and  mammals  {^Btnvditch)  may  be  tetanized  for  hours  without  becoming  Cui^ucd*] 


he  central  ends  of  divided  sensory  nerves,  after  amputation  of  a  limb,  lose  their  cxdta- 
hoai^h  ihtf  nervea  arc  still  connected  with  the  ccmral  nervous  system,  because  the  end 
irou^h  which  tliey  were  normally  excited  have  been  removed. 

cparation  from  their  Nerve  Centres.— The  nerve  fibres  remain  in  a 
on  of  normal  nulritiun  only  when  they  are  directly  connet^ted  with  their 
1,  which  governs  the  nutritive  processes  within  the  nerve.     If  a  nerve 
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within  the  body  be  separated  from  its  centre — either  by  section  of  the  nerve  or 
compressing  ii — within  a  short  time  it  loses  its  excitability,  and  the  prripkerai 
end  undergoes  fatly  degeneration,  which  begins  in  four  to  six  days  in  warm-blooded 
animals,  and  after  a  long  time  in  cold-blooded  ones  {Joh.  MUl/er).  See  abothe 
changes  of  the  excitability  during  this  condition,  the  so-called  "Reaction  of 
dSgeneration  "  (§  339)-  If  the  sensory  nerve  fibres  of  the  root  of  .^  spinal 
nerve  be  divided  on  the  central  side  of  the  ganglion,  the  fibres  on  the  pcripfteial 
side  do  not  degenerate,  for  the  ganglion  is  the  trophic  or  nutritive  centre  for  the 
sensory  nerves,  but  the  fibres  still  in  connection  with  the  cord  degenerate  ( WatUr, 
BidiUr), 

[Wallerian  Law  of  Degeneration. — If  a  spinal  nerve  be  divided,  the 
peripheral  part  of  the  nerve  and  its  branches,  including  the  sensory  and  motor 
fibres,  degenerate  completely  (I'ig.  343,  A),  while  the  central  parts  of  the  nene 
remain  unaltered.  If  the  anterior  root  of  a  spinal  nerve  alone  be  divided  Moic 
it  joins  the  posterior  root,  all  the  peripheral  nerve  fibres  connected  with  the  lo- 
terior  root  degenerate  (Fig.  343,  B),  so  that  in  the  nerve  of  distribution  onlf  tbe 
motor  fibres  degenerate.  The  portion  of  the  nerve  root  which  remains  attached  lo 
the  cord  does  not  regenerate.  If  the  posterior  root  alone  be  divided,  between  ihc 
spinal  cord  and  the  ganglion,  the  effect  is  reversed,  the  part  of  the  nerve  nxit 
lying  between  the  section  and  the  spinal  cord  degenerates,  while  the  part  of  tbe 


Fic.  343. 
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DUgram  of  lh«  roots  of  a  tpioal  nerve  thowing  the  effecl  of  cectlon  (tbc  black  p«m  rcprcMnt  tbedcBeMnud  p«l*' 
A,  section  of  the  nerve  truak  beyond  the  Ewclion :  S,  of  the  anterior  root,  and  C,  of  the  poMcrUr  j  U,  — '"' 
of  the  gangtion  ;  a,  anterior,/,  potterior  root ;  g,  gaogt'oD. 


nerve  connected  with  the  ganglion  does  not  degenerate  (Fig.  343,  C).  The  cen- 
tral fibres  degenerate  because  they  are  separated  from  the  ganglion.  If  the  gin* 
glion  be  excised,  or  if  separated,  as  in  Fig.  343.  D,  both  the  central  and  peri- 
pheral parts  of  the  posterior  root  degenerate.  These  experiments  of  Wallcrsbo» 
that  the  fibres  of  the  anterior  and  posterior  roots  are  governed  by  different  ren- 
Ires  of  nutrition  or  "  trophic  centres."  As  the  anterior  root  degenerates  when 
it  is  separated  from  the  cord,  and  the  posterior  when  it  is  separated  from  its  o«J 
ganglion,  it  is  assumed  that  the  trophic  centre  for  the  fibres  of  the  anterior  toO( 
lies  in  the  multipolar  nerve  cells  of  the  anterior  horn  of  the  gray  matter  of  tiic 
spinal  cord,  while  that  for  the  fibres  of  the  posterior  root  lies  in  the  cells  of  the 
ganglion  placed  on  it.  The  nature  of  this  supposed  trophic  influence  is  cniireU 
unknown.] 


Traumatic  and  Fatty  Degeneration. — Both  ends  of  the  nerve  nl  the  point  of  cecdon 
diately  begin  to  undcri^o"  traumatic  degeneration."  (Iniliefiogonthelirstand  second  (Uj.)  Aftc 
a  lime,  neither  the  myelin  nor  axis  cylinder  are  di!ittn(;iiishable  {Srhiff).  According  to  KngclmtfL 
this  condition  cxicndf  only  to  the  nearest  node  of  Ranvicr,  and  aftcrwanl  the  so-called  "fatty  depA 
eration"begin'S.  The  process  of 'yoz/v"  deEencraiion  begins  simullAneously  in  the  whole  f«nf4e™' 
portion  ;  ihc  white  substance  of  Schwann  breaks  tip  into  muses  (Fig.  '^:it  A),  just  as  it  d40*AB 
death,  in  micro<K:opic  prcpantion$:  afterward,  the  myelin  formi  globules  and  roiind  miiv>(l)> 
the  axial  cylinder  is  compressed  or  constricted,  and  is  uhimalely  broken  across  (C)  tu  manf  pbC 
(7th  day).     The  ncr\'u  fibre  seems  to  break  up  into  two  Bubstances — one  fatty,  the  other  praia^  >■ 
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tUalioo  (S,  Mayer),  ihe  fat  being  absorbed.  Tiic  nuclei  of  Schwann's  sheath  swell  up  and 
prolifenue  (D — unii)  the  tenth  day).  According  to  Kanvier,  the  noclei  of  Ihe  tmerannulor  segments 
and  Ihcir  fturroundin^*  prolopla^m  prulircrate,  and  ultimately  interrupt  ihe  continuity  of  the  axis 
cylioder  and  the  myelin.  'Hicy  then  undergo  constiJcrable  develupmeiit  with  simultaneous  disap- 
peanince  uf  the  mcilulla  and  axis  cyhader.  or  at  Ivxsi  the  faiiy  suhstniicea  formed  bv  their  degenera- 
tir>n.  so  that  ihc  nerve  Hl>rc?i  looli  like  librc^  of  connective  tissue.  [Accordiiii;  to  thi'i  view,  the  pro* 
cess  i$  in  part  an  tutive  one,  due  to  the  growth  of  the  nerve  corpuscles  brcaLin^  up  the  contents  of 
rhc  neurilemma,  which  then  ultimately  undergo  chemical  degenerative  changes.]  According  t'> 
Ran>-ter,  TizMmi,  and  others,  leucocytes  «  ander  mio  the  cut  cnHs  of  the  nerves,  and  also  at  Ran- 
vier's  n<idcs,  insinuating  themselves  into  the  nerve  6bres,  where  they  take  myelin  into  their  bodies, 
and  subject  it  to  cenain  changes.  ['rhe>e  cells  are  hcM  revealed  hy  the  action  of  osmic  acid,  which 
blachens  any  myelin  particles  in  th-.-ir  interior.]  Degcncratioa  also  takes  place  in  the  molorial  end 
plaics.  beginning  first  in  the  uon  medullated  lynches,  then  :n  tlie  icnninal  fibrils,  and  lastly  in  the 
nerve  trunks  iCfssier). 

Regeneration  of  Nerves.— ^In  order  that  regeneration  of  a  divided  nerve  may  take  place 
{Crttiilsfiattt,  lyt)^).  the  divided  ends  of  Ihe  nerve  must  be  brought  into  cnnlact  (2  244).  In  man 
ibli  i*  ilune  by  means  of  .Hutures.  .\lioui  the  middle  uf  the  fourth  week,  small  clear  bands  apjKar 
within  the  neurilemma,  winding  l«tween  the  nuclei  aud  (he  remains  of  the  myelin  (E).  *l*hey  stHto 
Income  wi<lcr,  and  receive  myelin  with  incisures,  and  nofics,  and  a  sheath  of  Schwann  (second  to 
third  month — K).  The  regeneration  proceu  takes  place  in  each  interanuular  segment,  while  the  in- 
dividual segmci  ts  unite  end  to  end  at  the  nodes  of  Raiivier  d  321,  I,  5).  On  this  view,  each 
nerve  segment  of  Ihc  fibre  corresponds  to  a  "cell  unit"  (A".  SenmanH,  Eichhorst).  The  same 
process  occurs  in  nerves  li^tiiutrd  in  their  couric,  .SW'/rii/ new  Iil»rc5  may  l>c  formed  within  one 
old  ner^■t•  sheath.  The  divided  axis  cylinders  of  the  rfn/ru/  end  of  ihe  nerve  begin  to  grow  abuut 
the  fruirtecnth  «iay.  until  they  meet  the  newly  formed  ones,  with  which  they  unite. 

[Primary  and  Secondary  Nerve  Suture.  —Numerous  experm;ciits  on  animals  and  man  have 
esi.ibli;>hed  the  fact  ihai  immedute  nr  primary  suture  of  a  nerve,  after  it  is  divided,  either  acci- 
dentally or  intentionally,  hastens  reunion  and  regeneration,  and  accelerates  the  restoration  of 
function.  Secondary  auture,  i.e.,  bringing  the  ends  together  long  after  ihe  nerve  has  liecn 
divided,  ha-  been  practiced  with  success.  Surgeons  have  recunled  cases  where  the  function  was 
restored  alter  division  had  taken  place  for  3  to  16  months,  and  even  longer,  and  in  most  ca«es  the 
•kensibility  was  restored  fin.1,  the  average  time  Wing  2  to  4  week».  Motion  is  recovered  much 
Inter.  1lie  ends  of  the  nerve  should  be  stitched  lo  each  other  with  Catgur,  the  muscles  at  the  same 
lime  Itetng  kept  from  becoming  atrophied  by  electrical  stimulation  and  the  systemnlic  use  of 
massage  {\  307 1.  After  suture  of  a  nerve  conductivity  is  restored  in  the  rabbit  in  40  days,  on  the 
3isit  in  dogs,  and  25th  in  fowls,  but  after  simple  division  without  suture  not  till  the  60th  day  in  the 
rabbit.     Transplantation  of  nerve  dues  not  succeed  {yoAHson).] 

Union  of  Nerves.— The  central  end  of  a  divided  motor  nerve  may  unite  with  the  peripheral 
end  of  aiiolbcr  and  still  conduct  impulses  (jVorvi}.  [There  seems  lo  be  no  doubt  that  sensory 
fibre*  will  reunite  with  sensory  fibre*,  and  motor  libres  with  motor  fibres,  and  the  regenerated  nerve 
will,  in  the  former  case,  conduct  sensory  impuUes,  and  the  Litter  motor  impulses.  There  is  very 
considerable  diversity  of  opinion,  liowcver.  as  to  itic  regeneration  or  union  of  sensorj-  with  motor 
fibre*.  Paul  Ilert  made  (he  following  esperimenl  :  lie  stitched  the  tail  of  a  rat  into  the  animal's 
track,  and  after  union  had  taken  place,  he  cut  the  tail  from  the  boijy  at  the  root,  so  that  the  tail,  as 
il  were,  grew  out  of  ihe  animal's  back,  broad  end  uppermost.  On  irriiotlng  the  end  of  the  tail, 
which  was  formerly  the  root,  the  animal  gave  signs  of  7>ain.  This  experiment  shows  that  nerve 
fibres  can  comluct  impulses  in  both  directions.  One  of  two  things  must  have  occurred.  Either 
the  motor  fibies,  which  nxirnally  canied  impulses  down  the  tail,  now  convey  them  in  the  opposite 
direction,  and  convey  1  hem  to  sensory  fibres  with  which  they  have  united;  ur  the  sensory  fibres, 
which  normally  comlucled  impulses  from  the  tip  upward,  now  carr>'  them  in  the  opposite  tlirection. 
If  Ihe  former  wcte  adually  what  happened  it  woufi  show  ihnl  nerve  fibres  of  different  function  do 
cniie  |{  349).  Keichert  asserts  tliat  he  has  succeeded  in  uniting  the  hypoglossal  with  the  vagus  in 
tbe  dog.     .\ccording  to  Ccssler,  the  end  plate  is  the  fint  to  regenerate.] 

Trophic  Centres. — The  regeneration  of  the  nerve  seeras  lo  take  place  under 
the  influence  of  the  nerve  centres,  whiLh  act  as  their  nutritive  or  trophic 
centres.     Nerves  perni.Tncntly  separated  from  these  centres  never  regenerate. 

During  the  regeneration  of  a  mt'xfi/  nerve,  sensibility  is  restored  first,  siilwe- 
qtiently  voiuntary  motion,  and  lastly,  the  movements  of  the  mus<;lcs,  when  their 
motor  nerves  are  slimtilaled  directly  {.Schiff,  Erb^  v.  Zifmssen^  and  others'). 

Walterian  Method  of  Investigation. —  \s  the  peripkeml  end  of  a  nerve  undergoes  degenera- 
linn  after  section,  we  uw  \n\s  method  for  determining  the  course  of  nerve  libres  in  a  complex 
arrangement  of  nerves.  The  courtw  of  s]>ecial  nerve  fibres  may  he  a-ccrtained  by  tracing  the 
degeneration  tract  \  WaUer,  Hutlgt).  If.  after  section,  reunion  or  regeneration  of  a  motor  nerve 
docs  n^t  take  place,  the  muscle  supplied  by  this  nerve  nUimutrly  undergoes  fatty  degeneration. 
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5.  Certain  poisons,  such  as  verntrifi,  2X  first  increase  the  exciUbiUly  of  the 
nerves,  and  afterward  abolish  it;  with  some  other  poisons,  the  abolition  of  the 
excitability  passes  off  very  rapidly,  r.^.,  curara.  Conium,  cynoglossum,  iodide 
of  methyl-strychnin,  and  iodide  of  jethyl-slrychnin  have  a  similar  action. 

If  the  nen'C  or  muscle  of  a  frog:  !<  placed  in  a  solution  of  the  poison,  we  obtain  a  dilEcRM  cfffci 
from  that  which  results  when  tlic  poison  is  injected  into  the  bcwiy  of  the  animal.  Alm^n 
diminishes  tbe  excitability  of  a  nervc-tnuMrle  preparation  of  the  frog  without  cau*!'  >niu 

increase,  while  alcohol,  elher  and  clitorofonn  increase  and  then  diminish  the  excu  .«- 

sm). 

6.  Modifying  Conditions. — Under  the  action  of  various  operattoni.  r./., 
compressing  a  nerve  [so  as  not  absolutely  to  sever  the  physiological  continuity], 
it  has  been  found  that  voluntary  impulses  or  stimuli  applied  above  the  compresicd 
spot,  give  rise  to  impulses  which  are  conducted  through  the  nerve,  and  in  the 
case  of  a  motor  nerve  cause  contraction  of  the  muscles,  while  the  excitabilitj  of 
the  parts  below  the  injured  spot  is  greatly  diminished  {Sehiff).  In  a  similir 
manner  it  is  found  that  the  nerves  of  animals  poisoned  with  CO3,  curars  or 
coniin,  sometimes  even  the  nerves  of  paralyzed  limbs  in  man,  are  not  excitable  to 
direct  stimuli,  while  they  are  capable  of  conducting  impressions  coming  from 
the  central  nervous  system  {Duehenne^  v.  Ziemsscn,  £rb), 

7.  Rittcr-ValU  Law. — If  a  nerve  be  separated  from  its  centre,  or  if  tbc 
centre  dies,  the  excitability  <jf  the  nerve  is  increased :  the  increase  begins  attbe 
central  end,  and  travels  toward  the  peiiphery — the  excitability  then  /a/h  until  it 
disappears  entirely.  This  process  takes  place  more  rapidly  in  the  central  thui 
in  the  peripheral  part  of  the  nerve,  so  that  the  peripheral  end  of  a  nerve  sepanted 
from  its  centre  remains  excitable  for  a  longer  lime  than  the  central  end. 

The  rapidiiy  of  the  transmission  of  impulses  in  a  nerxe  is  increased  when  the  excitability  ii 
increased,  but  it  is  lexscncd  when  the  cxcitahiliiy  is  diminished.  In  the  latter  condition  au  elcctncal 
stimulus  must  last  longer  in  order  to  be  efiective;  hence  rapid  Induction  shucks  may  not  ytnAott 
any  effect. 

Tile  law  of  £ontraetion  also  undergoes  some  modification  in  the  dtflercnt  stages  of  llse 
of  exciiabilily  {\  336.  11). 

8.  Excitable  Points. — M.iny  nerves  are  more  excitable  at  certain  ptrti  of 
their  course  than  at  others,  and  the  excitability  may  last  longer  at  these  pans. 
One  of  these  parts  is  the  upper  third  of  the  sciatic  nerve  of  a  frog,  jtut  where  a 
branch  is  given  off  {Bmige^  HeidenhaitC). 

The  moror  and  sensory  fibres  of  the  up))er  third  of  the  adatic  nerve  {ffJUitt^)  of  «  fro^  it  aoR 
excitable  for  all  stimuli  {GriUzner  a$ij  Elpom)  than  the  lower  parts.  Whether  thb  antes  &att 
injury  during  preparation  (a  tnanch  is  given  off  there],  or  is  due  to  analomic.il  cundiliont, //, 
more  connective  tissue  and  more  nodes  in  the  lower  jurt  of  the  sciatic,  is  undetermined  (CEvi 
Hahrrson). 

This  increased  excitability  may  be  due  to  injury  to  the  nerve  in  preparing  it  fur  es] 
After  section  or  compression  of  a  nerve,  all  electrical  cnnents  employed  to  stJinuhte  the 
far  more  active  wltcn  the  direction  of  the  cunent  passes  away  from  (he  point  of  injury  thasi 
It  pnsses  in  tbe  opposite  direction.  This  is  due  to  the  fact  Uiat  the  current  produced  in  the  ntfn 
after  the  lesion  is  added  to  the  Mimulatinn  current  {\  331,  5).  Kven  in  intact  nerven — sciatk  itf  § 
fiDg  (v.  J^/riscA/),  where  the  ner\e  ends  at  the  periphery  or  at  the  centre,  or  where  large  braacha 
are  fpven  nfl,  there  are  points  u-hicli  behave  10  the  same  way  as  tliose  points  where  a  Icisioa  k# 
taken  place  [CrUtzntr  and  AfojrAner). 

Death  of  a  Nerve.  —In  a  dead  nerve  the  excitability  is  entirely  abolished. 

death  taking  place,  accordmg  to  the  Ritier-Valli  Law,  from  the  centre  toward  tht 
|)eriphery.  The  reaction  of  a  dead  iterve  has  been  found  by  some  obscnrrs  to 
be  acid  (§  322). 

The  functions  of  the  twain  ceasr  immediately  after  death  lakes  place,  white  the  vital  functr 
the  spin.il  cord,  especially  of  the  white  matter,  last  for  a  short  time  ;  the  larjje  nerve  trunks 
die,  then   the  nen-ci  of  the  extensor  tnufcle*,  those  of  the  flexors  after  ihree  to  four  hottn; 
the  sympathetic  fibres  retain  their  excitability  Innjjest,  those  of  (he  intestine   even    for  ten 
( Omimits).     Compare  {  395.    The  nerves  of  a  dead  frog  may  remain  excitoble  for  aeyqrij 
provided  the  animal  \k  kept  in  a  cool  place. 
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ELECTRO-PHYSIOLOGY.— Before  beginning  thestudy  of  eleclro.ph>'s. 
iology,  the  stmient  ought  to  read  and  siudy  carefully  the  following  short  prelimi- 
nary remarks  on  the  physics  of  this  question  : — 

3a6.  PHYSICAL  PRELIMINARY  STATEMENTS— THE  GALVANIC  CUR- 
RENT—RHEOCORD.—i.  Electro-motive  Force. — If  two  of  the  under -menlione<l  bodies 
be  brought  iii'o  direct  contact,  in  one  of  them  posiiive  electricity  and  in  the  other  negative  electricity 
can  be  detected.  The  cause  of  this  iihenomcnon  is  the  tltdro-motive  fon*.  The  elect ro-molive 
subtEtanccs  may  lie  arranged  in  a  series  of  the  Arat  class,  so  that  ii  the  first. mentioned  substance 
be  brought  into  conlaci  with  any  of  the  other  Ixidies,  the  hrst  substance  is  negnlively  the  la.st  posi- 
tively etectrihed.     I'his  series  is — carbon,  platinum,  cold,  silver,  copper,  iron,  tin,  lead,  zinc  -f  . 

The  amount  of  the  electro-motive  force  produced  l>y  the  contact  of  two  of  these  bodies  is  greater 
the  wider  the  bodies  arc  apart  in  the  series.  The  conlaci  of  the  bodies  may  take  place  at  one  or 
more  points.  If  several  or  the  Itodies  of  ibis  series  be  arranged  in  a  pile,  the  electrical  tension 
thereby  produced  is  ju^t  as  great  as  if  the  two  extreme  bodies  were  brought  into  contact,  the  inter- 
mediate ones  being  left  out. 

2.  The  nature  of  the  two  electricities  is  readily  determined  by  placing  one  of  the  bodies  of  the 
series  in  contact  witk  ttjiuid.  If  zinc  be  placed  in  pure  or  acidulated  water,  the  zinc  is  -\~  (posi- 
tive) at»d  the  water —  (negative).  If  copper  be  taken  instead  of  zinc,  the  copper  is  -\-  but  the 
fluid  —  .  Experiment  shows  that  those  metals,  in  contact  with  fluid,  are  negatively  electrified  most 
strongly  which  are  most  acted  on  chemically  by  the  fluid  in  which  they  are  placed.  Each  such 
combination  atTords  a  constant  dilTerence  of  tension  or  potential.  The  tension  [or  power  of  over- 
coming rcMstance]  of  the  amount  of  electricity  oUaincd  from  both  bodies  depends  upon  the  sire  of 
the  surfaces  in  contact.  The  fluids,  e.g.,  the  solutions  of  acid.s,  alUalies.  or  salts  are  called  exciters 
of  electricity  of  the  second  class.  They  do  not  form  among  themselves  a  defmii*  series  with 
different  tensions.  When  placed  in  these  fluids,  the  inetals  lying  next  the  -|-  end  of  the  alove  series, 
especially  zinc,  are  most  strongly  eleciriBed  negatively,  and  to  a  less  extent  those  lying  nearer  the 
^  end  of  the  scries. 

3.  Galvanic  Battery. — If  two  difTerenl  exciters  of  the  first  class  be  placed  in  fluid  without  the 
bodies  coming  into  contact,  e.g.,  zinc  and  copper,  the  projecting  end  of  the  (negative)  zinc  shows 
free  negative  electricity,  while  the  free  end  of  the  (positive)  copper  shows  free  |x>sitive  electricity. 
Such  a  combination  of  two  elecirarootors  of  the  firH  class  with  an  electromotor  of  the  second  class 
is  called  a  gahKimc  battery.  As  long  as  the  two  metals  in  this  duid  are  kept  Mp^irate  the  circuit  is 
said  to  be  opeH^  but  as  soon  as  the  free  projecting  ends  of  the  metals  arc  connected  outside  the  Buid, 
*•  g-%  by  a  copper  wire,  the  circuit  or  current  is  ihied,  and  ^gahanie  or  constant  current  of  dec 
irfa^ty  is  obtained.  Tlie  galvanic  current  has  resistance  to  encounter  in  its  course,  which  is  called 
"  e^nduetion  retistanee'*  ( W).  It  is  directly  proponional — (i )  to  the  length  (/)  of  the  circuit ;  {2) 
and  with  the  same  length  of  circuit,  inversely  as  the  section  (^]  uf  the  same  ;  and  (3)  it  also  de- 
pends on  the  molecular  properties  of  the  conducting  material  [:</>efi^c  iOHdufdon  rtiiUanee  ==  i), 
so  that  the  conduction  resistance,  W  ^=:  (  j.  /) :  y.  The  resistance  to  conduction  increases  with  the 
increase  of  the  temperature  of  the  metals,  but  diminishes  under  simitar  conditions  with  duids. 

Obm'a   Law. — The  -itrength  of  a  galvanic  current   (H).  or  the  amount  of  ctcctncity  passing 
through  the  closed  circuit,  is  proportional  to  the  electro-motive  force  (Ej — or  the  electrical  tension, 
bnl  inversely  proportional  lo  the  total  resistance  to  conduction  (L) — 
So  that  S  =  E  :  L  (Ohm's  I^w,  1827). 

7^e  total  resistance  to  conduction,  however,  in  a  closed  circuit  is  composed  of^(l)  the  resisl- 
ance  ontskle  the  battery  ("  extraordinary  resistance") ;  and  (2)  the  resistance  within  the  battery 
itself  ("  essential  resistance").  The  specific  resistance  to  conduction  is  very  variable  in  different 
substanccf;  It  is  relatively  small  in  metals  (f.^'.,  for  copper  =  I,  iron  =  6^,  German  silver  =  12J, 
but  very  great  in  fluids  \e. g.^  for  a  concentrated  solution  of  common  salt  6.515,000,  for  a  concen- 
trated snlniion  of  copiicr  sulphate  10,963,6001.  It  is  also  very  great  in  animal  tisauea,  almoct  a 
million  times  greater  than  in  metals.  When  a  constant  current  is  applied  to  the  skin  so  as  to  traverse 
the  body,  the  resistance  diminishes  because  of  the  conduction  of  water  in  the  epidermis  under  the 
action  of  the  constant  current  \\  290),  and  the  congestion  of  the  cutaneous  blood  vessels  in  conse- 
quence of  the  stnnulalion.  But  the  resistance  varies  in  different  parts  of  the  skin,  the  least  being 
in  the  palm  of  the  hand  and  sole  of  the  foot.  The  chief  seat  of  the  resistance  is  the  epidermis, 
but  after  its  icmoval,  as  by  a  bliMer.  it  is  greatly  diminished.  Dead  tissue,  as  a  rule,  is  a  worse 
conductor  than  living  tissues  {Jolh).  When  the  current  is  passed  transversely  to  the  direction  of 
the  fibres  of  a  muscle,  the  resistance  is  nearly  nine  times  as  grent  as  when  the  current  passes  in  the 
direction  of  the  fibres  {f/ertHann) — a  condition  which  disappears  in  rigor  morti^i.  In  nerves  the 
resistance  longituiUnally  is  two  and  a  half  million  times  greater  than  in  mercur}*,  trans\'cn!cly  about 
twelve  million  times  {Hermann).  Tetanus  and  rigor  mortis  {Du  Bois- Heyitumd)  diminish  the  re- 
sistance in  muscle. 

Deductions. — It  follows  from  Ohm's  taw  that — L  If  there  is  very  great  resistance  to  the  curreni 
oatside  the  battery  [1.  r.,  between  the  electrodes],  as  in  the  case  when  a  nerve  or  a  muscle  lies  on 
ttie  electrodes,  the  strength  of  the  current  can  only  be  increased  by  increasing  the  numl>er  of  the 
electromotive  clemeuls.     II.  When,  however,  the  extraordinary  resistance  is  very  small  coinpated 
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with  that  within  the  battery  itself,  the  strength  of  the  current  cannot  be  increascil  by  incrcBung  i 
number  of  the  elcmcnis,  but  only  by  increasing  the  surfaces  of  the  plaics  in  the  battery. 

Strength  and  Density. — We  must  carefully  distinguish  llic  itrtn^-tk  (intensity)  of  the  canv^;^ 
froiti  its  aemiiy.      As  the  same  amnunt  of  eleclncity  always  flows  through  any  given  trankvenc  ic 
tion  of  the  circuit,  then,  if  the  si/e  of  ihe  transverse  section  of  the  circuit  varies,  the  elcvtnhty  mt 
l«  of  greater  tirnsity  in  the  narrower  parts,  ftnd  it  is  eviclcnl  ihflt  the  density  will  be  le«  whert  t 
transverse  section  is  greater.      Let  S  ^^  the  i4rcngth  of  (he  current,  and  q  iKe  IraitAvene  MdioB    q/ 
the  given  part  of  the  circuit,  then  Ihe  density  (</)  at  the  latter  part  is  1/  =  S  :  4^. 

If  the  galvanic  current  pax-ting  from  the  positive  pole  of  a  battery  be  divided  into  t«oor 
strfams,  which  are  again  reunited  at  the  other  |K>1e,  then  the  sum  of  itie  strength  of  all  Uw  stream 
is  equul  to  the  strength  of  the  undivi<ied  stream.     If,  however,  the  dilTcrcttt  streams  are  diflcrcMM 
regardit  lengrh,  scclimi  and  muierial,  then  ibe  strength  of  the  current  passing  in  each  of  the 
is  inversely  jirop^irtional  to  tlie  resistance  tu  the  conduction. 

Du  Bois-  Rcymond's  Rheocord.—  Tliis  instrument,  constructed  no  the  principle  of  the  ** 
ary  "  or  "  short  circuit,"  enables  ai  to  graduate  the  strength  of  a  galvanic  current  to  asy  tcqiind 

<icgree,  for  the  stimulation  ot  nerve  and  muscle.  Fma  iV 
two  |>olcs  (Fig.  344.,  (I,  b)  of  a  constant  battery  there  are  1*0 
conducting  wires  (r/,  r  and  >/,  h'),  which  go  to  ihc  ncrne  of  a 
frog's  nerve  muscle  preparation  (K).  The  porlvon  of  ocw 
(r,  (i|  introduced  into  this  circuit  (a,  <-,</,  ^i  offentvry^rm' 
resistance.  The  second  strenm  or  secondary  citcait  \iiA, 
b  B),  conducted  Irom  a  and  *,  pa^es  through  1  thick  t»i» 
plate  (A,  H),  consisting  of  seven  {neco  ut  brosv  tl  to  Tt 
placed  end  to  end,  but  not  in  contact.  They  can  all,  vtth 
the  exce[ilion  of  i  and  3,  be  made  to  form  a  cuntinanoteoa- 
ductor  by  pbcing  in  the  spaces  between  them  the  braa 
plugs  (S,  to  Sj).  Evidently,  with  the  arraDgement  ihoai 
■n  Tig.  344,  only  a  minimal  port  of  the  current  will  psa 
through  the  ncr\'e  (r,  d)  owing  to  the  very  great  lesiMiace 
in  it,  while  by  far  Ihe  greatest  part  will  pa^s  thfoU|;lt  iW 
good  conductmg  medium  of  brass  (A,  L,  B).  H  a«« 
resistance  lie  introduced  into  thi*  circuit,  then  the  «,  ^  ^' 
stream  will  be  strengthened.  This  rrsisiAnce  can  beitfR^ 
duced  into  the  latter  circuit  by  mcaus  of  the  this  •*v 
marked  1  a,  I  ^.  I  r,  11,  V.  X.  Suppose  all  the  brus  pllp 
from  S,  to  Sj  to  be  removed,  then  the  cutrent  dttfrt^alA 
must  tra^e^^e  the  whole  system  of  thin  wires.  Th<u.Acn 
IS  more  resistance  to  the  passage  of  this  ctirrenl.  to  tluiifcr 
current  through  the  nerve  must  be  strengthened.  H  o«h 
one  brass  plug  be  lukcn  out,  then  the  current  pa&ses  ibwca 
only  the  corresponding  length  of  wire.  The  reakipets 
offered  by  the  dilTerent  lengths  of  wire  from  1  «  to  X  Mt  • 
arranged  that  I  (7,  I  >and  1  r  each  represent  a  onk  ofieiM' 
once;  11,  double;  V,  five  times;  and  X,  leu  tiDO  tke 
resistance.  The  length  of  wire,  1  «,  can  also  l«  sburtOcA 
by  Ihe  mo%ahle  bridge  (1.)  [composed  ol  a  small  tvWhll^ 
with  mercury,  through  which  the  wires  |wi»»].  the  scsleli.r 
inilicaimg  the  length  ol  the  resistonco  wire^.  It  iseitiiwt 
iliai,  by  means  of  the  bridge  nod  by  the  method  of  uiH'^ 
brass  plugs,  the  apfioratus  can  be  graduated  to  yield  *ov 
variable  currents  for  stimulating  nerve  or  muscle.  When  the  bridge  (L)  is  pushed  bard  «pM  ■.-< 
the  currcni  passes  directly  from  A  to  U,  ond  not  through  the  thin  wires  (1  a).  _^ 

The  rheostat  is  another  instrument  used  to  vary  the  resistance  of  a  galvanic  current  ( lV\i\Ptm\\ 

327.  ACTION  OF  THE  GALVANIC  CURRENT  ON  A  MAGNBTtC  NEBDLK 

THE  GALVANOMETER.— In   iSjo  Ocrstcdi,  of  Copcnh.igcn,  found  thai    a  CDacacttc 

needle  sus[tended  m  the  magnetic  meridian  was  .icHecicd  by  a  const&ni  curreni  vi  clcctnaty  f**td 
along  n  wire  parallel  to  it.  [The  side  to  which  the  north  pole  U  deflected  depends  apaa  lb* 
diiection  of  the  current,  and  whether  it  passes  above  or  below  the  needle.] 

Ampere's  Rule.— Ampire  has  given  a  simple  rule  for  dctcmiining  the  direction.     If  aaotaw^ 
lie  placeil  parallel  lu  and  lacing  the  needle,  and  if  the  current  be  pns-.ing  1mm   his  feet  to  H» 
Ihen  the  nunb  {lole  of  ihc   needle  will  always  be  deflected  to  the  Uft,  and  the  v> 
opposite  directiun.     The  effect  exerted  by  the  constant  current  acts  always  id  a  "-' 

the  so-called  electromagnetic  plane.     The  latter  is  the  plane  passing  ibn.ugh  the  u-nn  p«r  "*  ^ 
needle,  and  two  points  m  the  straight  wire  running  parallel  with  the  needle.     The  force  ol  lh« 
stant  current,  which  cau^s  the  deflection  of  the  magnetic  needle,  is  pio^iortional  to  the 
angle  l>etweeu  the  electro  magnetic  plane  and  the  plane  of  vibration  nf  the  needle. 
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Multiplicator  [or  Multiplier]. — The  deflection  uf  the  needle  caused  by  the  constant  current 
may  U;  increased  ijy  coiUiig  tlie  Cunduciiiif;  wire  many  tinieKiii  the  same  direction  un  a  recUn^^ular 
fnune,  or  merely  .tround  and  in  ihc  same  direction  as  the  nee<lte  [provided  thai  each  turn  of  the 
wire  be  properly  insulated  from  the  other].  An  instrument  constnicied  on  this  principle  is  called  a 
multiplier.  Tlie  greater  ihe  number  of  turns  of  the  wire  the  (greater  is  the  anjrle  of  deflection  of  the 
needle,  although  the  defleaion  is  not  directly  pro[K>nioDal,  as  the  several  turns  or  coiU  are  not  at 
the  u^me  diMancc  from,  or  in  the  same  position  as,  the  needle.  By  means  of  the  muUiplicr  wc  may 
detect  the  pre!>ence  [and  also  ihe  amount  and  direction]  of  yV^j^/^  rurr^n/j  [The  iiistrumeni  U 
now  termed  a  Galvanometer].  Experience  has  shown  thai,  when  great  resistance  (as  in  animal 
tissues)  is  oppoac-J  to  the  wcalt  j;alvantc  currents,  wc  must  use  a  very  lai^c  number  of  lurns  uf  tliin 
wire  round  itic  needle  If,  however,  the  resistance  in  the  circuit  is  but  small,  f^.,  in  tlienno- 
eleclncal  arrangement^,  a  few  turns  of  a  thick  wire  round  the  needle  are  suflicienl.  l  he  multiplier 
may  be  made  more  sensitive  by  tvtaktntng  the  magnttie  dirtctive  jhrce  of  the  netdit^  which  keeps 
it  pointing  to  the  north. 

Galvanometer  and  Astatic  Needles. — In  the  multiplier  of  Schweigger.  used  for  physiological 
pur)fOses,  the  temlenc>  of  the  needle  to  point  to  the  nuith  is  greatly  weakened  by  using  the  astatic 
needles  of  Nobili.  [A  multiplier  or  galvanometer  with  a  single  magnetic  neetlle  always  requires 
comparatively  strong  currents  to  deflect  the  needle.  The  needle  is  continually  acted  ^x\yo\\  by 
the  directive  magnetic  intluence  of  the  eartli,  which  lends  to  keep  it  in  the  magnetic  meridian,  and 
as  soon  as  il  is  moved  out  of  ilie  magnetic  meridian  ihe  directive  action  of  the  earth  tends  lo  bring 
it  back.  Hence,  such  a  simple  form  nf  galvan«>nicter  is  not  sufficiently  sensitive  for  iletecting  feeble 
currents.  In  1S27  Nobili  devised  an  astatic  combination  of  needles,  whereby  the  action  of  the 
earth's  magneti-sm  was  diminished.]  Two  similar  magnetic  needles  are  united  l>y  a  solid  light 
piece  of  horn  [or  tortoise  <thell],  and  arc  so  arrang«l  that  the  north  pole  of  the  one  is  placed  over 
or  opposite  to  the  s^uth  pole  of  the  other  (Ki^.  345).  [If  both  needles  are  equally  magnetized, 
then  the  earth's  inRuence  on  the  needle  is  neuiralized,  so  that  the  needles  no  longer  arijusi  them> 
selves  in  the  ma^etic  meridian  ;  hence,  .sucli  a  system  is  called  astatic]  As  il  is  im|x>ssible  to 
make  boili  needles  of  absolutely  e')ual  magnetic  strength,  one  needle  is  always  stronger  than  the 
other.  The  diflference.  however,  must  not  be  so  great  that  the  stronger  needle  points  to  the  north, 
but  only  that  the  freely  suspended  system  of  needles  forms  a  ceitain  angle  with  the  magnetic  meri- 
dian, into  which  position  the  system  alwajs  swings  after  it  is  deflected  from  this  position.  This 
angular  deviaDon  of  the  astatic  system  toward  the  magnetic  meridian  is  called  the  "  Iree  deviation." 
The  mure  i>erfectly  an  astatic  condition  is  reached,  tlie  nearer  the  an^le  formed  by  the  direction  of 
the  free  deviation  with  the  magnetic  meridian  becomes  a  right  angle.  The  greater,  thcrefure,  the 
astatic  condition,  the  ast-itic  sj-stem  will  make  the  fewer  vihralions  in  a  given  lime,  after  it  has  been 
deflected  from  its  position.  The  duration  '^i  each  single  vibration  is  aUo  very  great.  [Hence, 
when  using  a  galvanometer,  and  adjusting  ils  needle  lo  /cm,  if  the  magnets  dance  about  or  move 
qnickly,  then  the  nyMcm  is  not  sensitive,  hut  a  sensitive  condition  of  the  needles  is  indicated  by  a 
ilcvj  period  of  oscillation.] 

In  makmg  a  galvanometer,  the  turns  of  the  wire  must  have  the  same  direction  as  the  needles. 
In  Nobtli's  galvanometer,  as  improved  by  iJu  llois-Rcymond,  the  upper  needle  swings  above  a  card 
divided  into  degrees  ^Eig.  345)f  on  which  the  extent  of  its  deflection  may  be  read  off.  Even  the 
purest  copper  wire  used  for  the  coils  round  the  needles  always  contains  a  trace  of  iron,  which  exerts 
an  influence  upon  the  needles.  Hence,  a  small  fixed  directive  or  compensatory  magnet  {r)  Is 
placed  near  %m<  of  the  poles  of  the  upper  needle  to  compensate  for  the  action  of  the  iron  on  the 
needles. 

3a8.    ELECTROLYSIS.    POLARIZATION,     BATTERIES.— Electrolyaia.— Every 

galvanic  current  which  traverse^  :t  fluid  conductor  causes  decom {position  or  electrolysis  of  the  fluid. 
The  decomposition  proiluct.s,  cilleil  ions,  accumulate  at  the  poles  (electrodes)  in  the  fluid,  the 
poattive  pole  (  -r  )  being  called  the  anode  [«!*«,  up,  'I*?-'?,  a  way],  the  negative  iK)le  (  — )  the 
csthode  ("'~u,  down,  ^'$c^s',  a  way).  Ihe  anions  accumulate  at  the  anode  and  the  kations  at 
the  cathoile. 

Transition  Resistance. — When  the  decomposition  products  accumulate  upon  the  electrodes, 
by  their  presence  they  either  increase  or  diminish  the  resistance  to  the  electrical  current.  This  is 
Called  tramition  rexiiiancc.  If  the  resistance  within  the  battery  is  thereby  increased,  the  transition 
resistance  is  said  to  be  positive ,-  if  dimini>hed,  negative. 

Galvanic  Polarization. —  The  ions  accumulated  on  the  electrodes  may  also  vary  the  strength 
of  the  current,  by  developing  between  the  anions  and  kations  a  new  galvanic  current,  ju&t  as  occurs 
between  two  dilferent  bodies  connected  by  a  fluid  medium.  This  phenomenon  is  called  gulvanie 
potariztttioH.  Thu».  when  water  is  decomposed,  the  electrodes  l»eing  of  platinum,  the  oxygen 
(negaiivej  accumtiloies  at  llie  f  pole,  aiul  the  hydrogen  ({wsitive)  ai  the  —  pole.  U^^ually,  the 
polanzaiion  current  has  a  direction  opposite  lo  the  original  current;  hence  we  speak  of  uf^attvt 
pularizittion.  When  the  two  currents  have  the  same  direction,  positive  poiutisation  obtatiu.  tJf 
Course,  iraiiiiiion  resistance  and  polarization  may  occur  [ogether  during  electrolysis. 

Test. —  I'otarization,  when  present,  may  I*  $0  slight  as  not  to  l»e  visible  to  the  eye.  Init  it  may  be 
detected  thus:  After  a  time,  exclude  the  primary  source  of  the  current,  esf>ecially  the  element  con- 
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nected  with  the  elHtrodM,  and  place  the  free  projecting  end  of  the  elecirodea  in  cooneoiMi 

a  galvaoomcter,  which  will  at  once  indicate,  by  the  deflection  or  its  needle,  the  presence  of  evatt 

the  sli^hie^t  pulaTi/.ation. 

Secondary  Decompoaitions.-^The  ions  excreted  during  electrolysis  cause,  especially  at  ibcir 
moment  uf  farmatioD,  sccundary  dccnmiiositions.  With  platinum  electrodes  in  a  solution  of  conuwM 
salt,  chlorine  accumulates  at  ttie  aoode  and  sodium  at  the  cathutle;  but  the  latter  at  cmce  decooi- 
poses  the  water,  and  uses  the  oxygen  of  the  water  to  oxidize  itself,  while  the  hydrogen  ia  dcpo«iied 
secondarily  upon  the  cathode.  The  amount  of  {Kilarization  increases,  allhouf^h  only  tn  a  ili^' 
extent,  with  the  j/rirn^vA  a/  the  current,  while  it  is  nearly  proportional  to  the  int  rr.ne  <•/  tXt  tern 
feraturf.  The  Attempts  to  get  rid  of  jH)lari7.alion,  which,  obviously,  mun  very  soon  alter  the  nrenpl 
of  the  galvanic  current,  liavc  led  to  the  discovery  of  two  important  arrangements,  ■y\t.,  to  the  curi 
struction  of  constant  galvanic  batteriea  {Becijw:rei),%\\A  the  so-called  nompolarisable  ele^ 
trodes  {Du  Bois-HeymonJ). 

Constant  Batteries,  Elements,  or  Cells. — A  perfectly  constant  element  ^troduces  a  f^maa^^ 
current,  i.  e.,  one  remaining  of  equal  strength,  by  the  ions  produced  by  the  electrodes  being  got  r-f,/ 
of  the  moment  ihey  arc  formed,  so  that  ihey  cannot  give  rise  to  polarization.     Fcr  this  purpose  cftc^ 
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Scheme  of  the  nlmtnometar.  N,  N,  ftiUtlc  needle*  «tu- 
peflded  by  ine  »lk  Attn,  G;  P.  P,  lUtn-poUnable  rlcc- 
IrtxJe*,  conUiJnliiK  linc-kiiluhntc  «f>lulion,  t,  and  piidi  of 
blotting  poper,  o,  coveted  with  cl«r,  /,  t,  on  which  ihc 
muicle,  M,  U  placed  ;  II,  III,  arrin|{etnmtA  nf  ihe  mi»- 
Cle  on  the  electrode :  IV,  ixm-pntanfable  dectrodet ;  2. 
aiiicwite:  K.curW;  «, /tnctulphnte  toluliun  ;  /, /,  clajr 
polnu. 


L^rigc  Gn>vc'»  eksevt. 


of  the  substances  from  the  tension  series  used  is  placed  in  a  special  fluid  ({  326).  both  flnidi  taflC 
separated  by  a  porous  septum  (porcelain  cylinder). 

Grove's  Element  han  two  metaU  and  two  fluids  (Fig.  346).  The  rinc  Is  in  the  form  of  are^ 
placed  in  dilute  sulphuric  acid  [I  acid  to  7  of  water,  wnich  is  contained  in  a  glaai,  porcdM  « 
ebonite  vessel].  The  platinum  is  in  contact  with  strung  nitric  acid  [u  hich  is  contained  io  a  ponw 
cell  placed  inside  ihe  roll  of  zinc].  The  O,  formed  by  the  electrolysis  and  deposited  od  thcBa^ 
plate,  forms  zinc  oxide,  which  is  at  once  disw^ilvcd  by  the  sulphuric  acid.  The  hydrogen  oa  tlw 
platinum  unites  at  once  with  the  nitric  acid,  which  gives  up  O  and  forma  nitrous  acid  and  water  tbtt^- 
[H,  4-  UNO,  ^  UNO  -f  H,0,] 
[Platinum  is  the  -f-  pole,  and  zinc  the  — .] 

[Grove's  battery  is  very  powerful,  but  the  nitrous  fumes  are  very  disagreeable  and  irriisttn{. 
hence  these  elements  should  be  kept  in  a  spccinl,  welt-ventilated  recess  in  the  laboratory,  in  «n  evt^ 
orating  chamber,  or  under  glass.     The  fumes  also  attack  instruments.] 

Bunaen's  Element  is  quite  similar  to  Grove's,  only  a  piece  of  compressed  carbon  is  satatitBHd 
for  the  platinum  in  contact  with  the  nitric  acid. 

[The  carbon  is  the  +  pole,  the  zinc  the  — .] 
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*Danie11's  Element  (1S36).— It  consists  of  an  outer  vesicl  or  glass  of  earthenware,  and  some- 
es  of  tnctaliic  copper,  611ed  with  a  saturated  solution  of  cupric  sulphate.  A  roll  of  copper,  per- 
ued  with  a  few  h^es,  U  placed  in  the  cnpper  solution,  and  in  order  that  the  latter  he  kept  saiii- 
•d,  and  to  supply  the  place  of  the  cop))cr  used  up  by  the  battery  when  in  action,  there  is  a  small 
If  on  the  copper  roll,  on  which  are  placed  crystals  of  cupric  sulphate.  A  porous  earthenware 
Rel  conlainiog  zinc  in  contact  with  dilute  sulphuric  acid  (l  :  7)  is  placed  within  the  copper 
ndcr.  When  the  circuit  ix  completed,  the  zinc  is  acted  on,  zinc  sulphate  being  formed,  and 
Irogen  liberated.  The  hydrogen  in  statu  nascendi  passes  through  the  porous  cell,  reduces  the 
ric  sulphate  to  metallic  copper,  which  is  precipitated  on  the  copper  cylinder,  so  that  ihe  latter  is 
a.ys  kept  bright  and  clean.  The  liberated  sulphuric  acid  replaces  that  in  contact  with  the  zinc, 
ing  to  the  abi>ence  of  |H)laiizatioa,  the  Daniell  is  one  gf  the  must  cunstani  batteries,  and  is  geD- 
tly  taken  as  the  standard  of  comparison.] 

[The  co[>pcr  is  the  -f-  pole,  zinc  the  — .] 
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ttie  »Dc  in  ihc  fluid  ;  C,  tcnw  to  fix  13. 


K 


Leclarch^'a  clenenL  A,  outer  vc^kI  :  T.  porous  cylinder.  coniainiDg 
K.,  carbon ;  B,  binding  icrew ;  Z,  nnc ;  C,  binding  screw  of  oega- 
livc  pole 


Smee's  Element. — There  is  only  one  fluid,  vie.,  dilute  sulphuric  acid  (1:7),  in  which  the 
mctnlii,  line  and  platinum,  or  zinc  and  platinized  silver,  arc  placed. 
w  The  phitiiiiiTii  is  the  -f  pole,  and  zinc  the  — .] 

Vtennet's  or  the  Bichromate  Element. — tt  consists  of  one  plate  of  unc  and  two  plates 

ioropresicd  carbon  in  a   fluid,  which   consists  of    bichromate  of  potash,  sulphuric  acid,  and 

er.     The  f^uid  consists  of  i  part  of  pola^um  bichromate  dissolved  in  8  paits  of  water,  to  which 

tft  of  sulphuric  acid  is  added.      Mea*urc  by  ur^ii^Af.]      [The  cell  consists  of  a  wide-mouthed 

I  bottle  (Fig.  J47) ;  the  carbons  remain  in  the  Huid,  while  the  zinc  can  be  raise<t  or  deprcsse<i. 

tn  not  in  action,  the  zioc,  which  is  attached  to  a  rod  (Ui,  is  lifted  out  of  the  fluid,  and  hence 

battery  is  very  convenient   for  purposes  of  demonstration,  alihough  it   is  not  a  very  constant 

Ty.     When  In  action,  the  ziuc  is  acletl  on  by  the  sulphuric  acid,  hydrogen  being  liberated, 

Ih  reduces  the  bichromate  of  potash. 

The  carbon  is  the  -1-  pole,  and  the  rinc  the  — ,] 
I^clancbi'i  Element  |  Fig.  34S )  consists  of  an  outer  glass  vessel  containing  rinc  in  a  solution 
immonium  chloride,  while  the  porous  cell  contains  compressed  carbon  in  a  lluid  mixture  of  black 
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oxide  of  nunganese  and  carbon.     It  is  inosi  frequently  used  for  electric  bells,  u  iis  feeble  currci 
lasts  for  a  long  lime. 

The  carbon  is  ibe  4   pole,  and  the  «inc  the  — ,] 

Non-polarixable  Electrodes. — If  a  ct^mstant  curreni  l>e  applied  to  moist  animal  tinan, /.  f_ 
nerve  or  mu-sclc,  by  means  uf  ordinary  clectrtMle^  composcrl  cither  of  copi^er  or  platinum.  »1  oour 
elccirolyns  must  occur,  and  in  con»e«juciicc  thereof  polarization  lake*  place.     In  order  to  *»* 
this,  non-polarizable  electrodes  (Ktgs.  345  and  349I  are  used.     The  rekearchcs  of  Re(^oll.  Mi 
Icucci  and  Du  Dois-Rcymond  bavc  proved  that  Aucn  electrodes  can  be  made  by  taking  tiro 
of  curcfiilly  amalgamated  pure  zinc  wire  (r,z),anil  dipping  thcM  in  a  saturated  solutioa 
sulphate  contained  in  tuties  (a, d),  their  lower  ends  being  closed  by  means  of  modeUer*ft  day  (t^ 
moistcnctl  witb  0.6  per  cent,  nornud  valine  itolutton.     The  contact  of  the  tisftues  with  these  clc^ 
Ifode*  does  not  give  rise  lo  ixjlarity. 

ArrangeTTient  for  the  Miiscle  or  Nerve  Current.— In  ortler  to  investigate  the  electrical  cir- 
rents  of  nerve  or  muscle,  the  tissue  must  be  placed  on  nun  polarir able  eleciiode*,  which  miy  «th«- 
have  the  form  described  above,  or  the  original  form  »*ed  by  I)u  llots-Reymond  (Fig.  3451.  The 
lajrf.  consists  of  two  i:inc  trouglui  (/>./)  thoroughly  amalgamated  inside,  iatulated  on  vulcinile.  ud 
filled  Willi  3  uturated  solution  of  zinc  sulphate  [s.j).  In  each  trough  m  place*!  a  thick  pftd  or 
cushion  of  white  blotting  paper  {/>,  ^|  uturntcd  with  the  same  tluid  [deriving  cushions].  [Tfcc 
cushion  coo5iAt5  uf  many  layers,  almost  sufTictent  to  till  the  trough,  and  they  arc  kept  together  by  a 
thread.  To  prevent  tlie  action  of  tlie  zinc  sulphate  upon  the  tiuue,  each  cuf^ion  u  covered  witki 
thin  layer  of  modeller's  clay  (/,  /),  moistened  with  0.6  per  cent,  saline  solution,  which  it  1  ^M 
conductor  [clay  guard].  The  clay  guard  prevents  the  action  of  the  solution  upon  the  tiiwe 
Connected  with  the  electrodes  are  a  pair  of  binding  Krcws,  whereby  ibe  ap|uraius  is  conDctifd 
with  the  galvanometer  (Fig.  345).] 
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Noii'potariubk  ekdrode  of  Du  BaU  Reyntond.     /,  ut»t ,  II,  raovaUc kwpporl ;  C,  cUy  |M>llu — lb* 

Mbolc  an  a  univenal  joint. 


[Reflecting  Galvanometer. — The  form  of  galvanometer  now  used  in  this  coantry  for bb**^ 

logical  pur|Mj8«  is  that  of  Sir  William  Thomson  (Fig.  350).  In  Gennany,  Wiedemann's  wi  i» 
more  commonly  u&ed.  In  Thomson's  insirumcni  the  astatic  needles  are  very  light,  and  cooaccto) 
to  e.icb  other  by  a  piece  of  oJucninum,  and  each  )ct  of  needles  is  su'ioundcd  by  a  separate  coil  rf 
wire,  the  lower  coil  (/)  winding  in  a  direction  opposite  tn  that  of  the  upper  |v).  A  small,  fomd. 
light,  slightly  concave  mirror  is  ftxe^l  to  the  up[>er  set  of  needles.  The  needles  are  suspcadcd  \ff 
a  delicate  silk  fibnl.and  they  can  be  raised  or  lowered  as  required  by  means  of  a  small  milM  head 
When  the  milled  bead  is  raised  the  system  of  needles  swings  freely.  The  coils  aic  protected  by  • 
glass  shade,  and  the  whole  stands  on  a  vulcanite  base,  which  is  levelled  by  three  screws  (f,  j).  Os 
a  brass  rod  [f>)  \%  a  feeble  magnet  (m),  which  is  used  to  give  an  artincial  meridian.  The  tnigsa 
|(w)  can  be  raised  or  lowered  by  means  of  a  milled  head.] 

[Lamp  and  Scale. — When  the  instrument  \*  to  be  used,  place  it  to  that  the  coils  fiscc  eaA  «■! 
west.  At  3  feet  distant  from  the  front  of  the  galvanometer,  facing  west,  is  fenced  the  lamp  Ml 
scale  ( Fig  35 1 ),  llicrc  is  a  i^mall  vertical  slit  in  from  of  the  lamp,  and  the  lmag(^  of  this  ilJi  it 
projected  on  the  mirror  altached  to  the  upmr  needles,  and  by  it  is  reflected  on  tn  the  pi|>cr  Kill 
fixed  just  atxive  the  hlil.  The  S]xh  of  light  is  focused  at  zero  by  means  of  the  magnet  n.  IV 
needles  are  most  sensitive  when  the  oscillations  occur  slowly.  The  sensilivcnets  of  the  iMsdhs 
can  be  regulated  by  means  of  the  maffnet.  In  every  case  the  instrumcnl  must  be  qnite  level,  nd 
for  this  purpose  there  ts  a  small  spirit  level  in  the  base  of  the  galvanometer] 

[Shunt. — As  the  galvanometer  is  ver\-  delicate,  it  is  convenieiU  lo  have  a  ihunt  tu  tcMlaleloi 
certain  extent  the  amonnt  of  electricity  transmitted  thmugh  the  galvanometer.  The  sniuti  yT% 
353 )  consists  of  a  brass  box  containing  coils  of  German  silver  wire,  and  is  constmcied  on  the  aMW 
principle  as  resistance  coils  or  the  rheocord  {\  326).     On  the  opper  surface  of  the  box  an  acwri 
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pUtes  of  bra&s  Mparaled  from  each  other,  like  those  of  the  rheocord,  but  which  cmn  be  united  by 
brass  plogt.  The  iwu  v,-\tc*  coming  frnm  the  electiTKles  are  connected  with  the  two  binding  screws, 
and  from  (he  latter  Iwn  wires  are  led  lo  the  outer  two  binding  screws  of  the  nalvanoincter.  By 
pUcing  a  plup  between  the  hnss  platen  attached  Ui  the  two  binding  screws  in  the  Hgure,  the  current 
is  short  circuited.  On  removing  iMith  plu^s  ihe  whole  of  the  current  must  pas^throuRh  the  gnlvS' 
nometer.  If  pn^  plu^  tw  pUceit  lietween  the  central  disk  of  brass  and  the  plate  marked  ^  (the  other 
l>cing left  out),  then  ^'^  of  the  current  goef,  through  the  galvanometer  and  ^^J,  to  the  electrodes. 
]f  (he  plug  be  place<l  as  <«hown  in  the  tigiire  oppo&ite  q'j,,  then  ^^g  part  of  the  current  goes  to  the 
galvanometer,  while  y'j"^  arc  short  circuited.  If  the  plug  be  placed  opposite  p^g,  only  n^f 
part  goes,  through  the  galvanometer.] 

Internal  Polarization  of  Moist  Bodies.— Nerves  and  muscular  fibres,  the  juicy  parts  of 
vegetables  and  amnials,  (ilirin  and  other  similar  liodies  poacsMiiy  a  pmous  structure  filled  with 
fluid,  exhiUl  the  phenomena  of  i>olari^aiion  when  subjected  to  strong  currents — a  condition  termed 
iiUemal  polarisation  of  moist  lxj<lics  by  Du  UotsKcymond.     U  i»  assumed  that  the  solid  pailh  in 
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the  iiwcrior  of  these  bodies,  which  are  Iwlter  conductors,  produce  electrolysis  of  ih*  adjoining  flnid. 
jU't  liltc  metals  in  contact  with  fluid.  The  ions  produced  hy  the  rlecom[x»--ilion  of  the  internal 
fluids  give  rise  to  differences  of  polenlial,  and  thus  cause  intemnl  polnrization  (5  333). 

Cataphoric  Action.—  If  the  two  electrodes  from  a  galvanic  battery  be  pLiced  in  the  two  com- 
partments of  a  iluirl,  separated  from  each  other  by  a  porous  sciMum,  we  observe  that  the  fluid  par- 
ticles pass  in  the  direction  of  the  galvanic  current,  from  the  4-  (f*  *hc  —  pole,  so  that  alter  some 
time  the  fluid  in  the  one-half  of  the  vessel  increase^,  while  it  diminii-hes  in  the  other.  The  phe- 
nomctu  of  direct  tran-sfcrcrce  was  called  by  Du  BoisReymond  the  cataphoric  action  of  thf  eon- 
ttaut  currtnt.  The  introduction  of  dissolved  substances  through  the  skin  by  means  nf  a  coiiMsnl 
curretit  dciwnds  upon  this  aciion  (|  290),  and  so  docs  the  so  called  Porret's  phenomenon  in 
livint;  muscle  {\  291.  I,  ;*V 

External  Secondary  Resistance. — This  condition  also  depends  on  cataphoric  aciion.  If  each 
of  the  <<'//v/  elect ro<les  of  a  constant  batter)-  be  placed  in  a  vessel  filled  with  a  solution  of  cupric 
sulphate,  and  from  each  of  which  there  projects  a  cushion  saturated  with  this  fluid,  then»  on  placing 
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a  piece  of  muscle,  cartile^.  vegetaHe  tissue,  or  even  a  prismatic  strip  of  coof^ulalcd  albumin  acroM 
these  ciuhionK,  we  observe  ihii,  very  soon  after  the  circuit  is  dosed,  there  is  a  considerable  varia 
tion  of  the  current.  If  the  direction  of  the  current  be  reversed,  it  first  becomes  stronger,  boi  after- 
ward diminishes.  By  constantly  oltcrinfE  the  direction  of  the  current  ue  cause  tbe  same  chanf^n  in 
the  itileii<bity.  If  a  prismalic  Mrip  of  cnaguloled  albumin  is  used  for  the  experiment,  we  o^oerrc 
that,  simultaneously  with  tbc  enfceblement  of  the  cuneiit  in  the  neighborhood  of  tbr  —  pole.  Ibr 
albumin  loses  water  mid  becomes  mote  iJirivelled,  while  at  the  —  (Kile  the  albumin  i«  swollen  vf^ 
and  contains  more  u-aier.  Tf  the  direction  of  the  current  be  Altered,  the  phenomena  are  ah 
changed.  The  »brivelling  and  removal  of  water  in  the  albumin  at  the  positive  pole  muA  tie  111 
cause  of  the  resistance  in  the  circuit,  which  explains  the  enfceblement  of  tbe  galvanic  cturtn^ 
Thi.s  phenomenon  is  called  "  external  secondary  resistance"  {/)u  fivu  keymond ). 

329.  INDUCTION-EXTRA   CURRENT— UNIPOLAR    INDUCTION  ACTIOl 
— MAGNETIC  INDUCTION.— Induction  of  tbe  Extra  Current. — If  a  galvanic  elemr^ 
is  closed  by  means  of  a  short  arc  of  wire,  at  the  moment  the  circuit  Is  again  opened  or  lirokcft  x 
shf^kt  spark  is  observed.     If.  however,  the  circuit  is  closetl  by  means  of  a  very  long  wire  mllevl  to  j 
end,  then  on  breaking  the  circuit  there  is  a  strong  spark.     If  the  wires  be  connected  with  two  el«t. 
irodes,  so  that  a  person  can  bold  one  in  each  hand,  so  that  the  current  nt  the  moment  it  is  ofMof 
must  pas^  through  the  person's  body,  then  there  is  a  violent  sh'Kk  communicated  (o  the  hand,  TSii 
phenomenon  is  due  to  a  current  induced  in  the  long  spiral  of  wire,  which   Karaday  called  the  cxtn 
current.     It  is  caused  thus  :  Wlien  the  circuit  is  closed  by  means  of  tbe  spiral  wire,  the  galmiir 
current  passinf;  along  ii  excites  an  electric  current  in  the  adjoining  coils  of  the  same  spiral      AtrJic 
moment  of  closing*  or  making  the  circuit  in  the  spiral,  the  induced  current  is  in  the  opposite  direc- 
tion to  the  galvanic  current  m  the  circuit  ;  hence  its  strength  is  lessened,  and  it  caiucv  no  sbodu 
At  the  moment  of  opening,  however,  the  induced  current  has  the  same  direction  as  the  gslniuc 
stream,  and  hence  its  action  is  strcnglhcncd. 

Magnetization  of  Iron  — If  a  rod  of  soft  iron  be  placed  tn  the  cavity  of  a  spiral  of  coppa 
wire,  then  the  soft  iron  remains  magnetic  as  long  as  a  galvanic  current  circulates  in  the  ^irtL  If 
one  end  of  the  iron  rod  be  directed  toward  the  observer,  the  other  away  from  him,  and  if,  (artbcr, 
the  positive  current  traverses  the  ^iral  in  the  same  direction  as  the  bands  of  a  clock,  then  the 
end  of  the  magnet  directed  toward  the  person  is  ihe  negative  pole  of  the  magnet.  The  power 
uf  the  magnet  depends  upon  the  number  of  spiral  windings  and  on  the  thicknesc  of  the  irootar 
As  soon  as  the  curiecii  is  opened,  the  magnetism  of  the  iron  rod  diMapi>ears. 

Induced  or  Faradic  Current. — If  a  ven.'  lung,  in<:ulated  wire  be  coiled  into  the  formof  ikWiI 
roll,  which  we  may  call  (he  secondary  spiral,  and  if  a  similar  spiral,  the  primary  cptrti,faf 
placeil  near  the  former,  and  the  ends  of  the  wire  of  the  primary  spiral  be  connected  with  thtpola 
uf  a  constant  battery,  every  time  the  current  in  the  primary  circuit  is  made  (closed), or  bmM 
(u[>cned),  a  current  takes  place,  or,  as  it  is  .<t3id,  is  induced  tn  the  secondary  spiral.  If  tbc  priWT 
ciicuit  be  kept  closed,  and  if  the  secondary  spiral  be  brought  nearer  to,  or  removed  further  fio«,  iW 
primary  spiral,  a  current  is  also  induced  in  the  secondary  spiral  {Fardday,  /Sjt).  The  cnrttnte 
the  secondary  circuit  is  called  the  induced  ur  Faradic  current.  When  the  jKimiry  circuit  it  rJWM 
or  when  the  twu  spirals  are  brouglil  nearer  to  each  other,  the  current  in  the  secondary  spiral  hai  • 
direction  oMosi'/^  to  that  in  the  pnmar}'  spiral,  while  the  current  prr>dDCed  by  i>/rnin^i\\€  \inaan 
circuit,  or  by  removing  the  spirals  further  apart,  has  the  same  direction  as  the  pnman-.  Dunnj;  llw 
lime  the  primary  circuit  is  closed,  or  when  both  spirals  remain  at  the  »ame  distance  from  each  oibcr, 
there  is  no  current  in  the  stcond.iry  spiral. 

Difference  between  tbc  Opening  and  Closing  Shocks. — Tlie  opening  [break]  and  clanac 
[make]  shocks  in  tbe  secondary  spiral  are  distinguished  from  each  other  in  the  following  mfttU 
(Fig.  353) :  The  amount  of  electricity  is  the  same  iluring  the  opening  as  during  the  dosing  «bock« 
but  during  tbe  opening  shock  the  electricity  rapidly  reaches  its  maximum  of  inicnsiiy  aad  Usi 
but  a  short  time,  while  during  the  closing  shuck  it  gradually  increases,  tnit  does  nut  reach  t!bt 
lame  high  maximum,  and  this  occurs  more  slowly.  [In  1-ig,  353,  H,  and  Sg  are  the  absctae  of 
the  primar>'  (inducing)  and  induced  currents  respectively.  The  vertical  line*  or  orJinatei  icpMUl 
the  intensity  of  the  current,  while  the  length  of  the  ahsdsia  indicates  its  duration.  Tbe  cnrw  t 
in<licattrs  the  courv:  of  the  primary  current,  and  2,  that  in  the  secondary  spiral  (induced)  wbca  iki 
current  is  chieJ,  while  at  I  the  primary  current  is  suddetdy  opened,  when  it  gives  rise  to  the  uidacBi 
current,  4,  in  the  secondary  spiral.]  The  c.iusc  of  thisilifTercnce  is  the  following:  When  the  ffr 
mary  circuii  is  ehsfd  there  is  devefojxd  in  it  the  extra  current,  which  is  opp^iitt  in  dircctinn  to  ibc 
primary  current.  Hence,  it  opposes  considerable  resistance  to  tbe  complete  dcvdopmeul  of  tin 
strength  of  the  primary  current,  so  that  the  current  induced  in  the  secondary  spiral  ma«talso  Jcwk))' 
alowly.  lint  when  the  primary  spiral  is  (|/c«a/,  the  extra  current  in  the  latter  has  the  wnwilOTrt*"" 
as  the  primary  current,  tht-re  is  no  extra  resi^ance.  llie  rafud  and  intense  action  uf  the  9ftmiMf 
induction  shock  is  of  great  physiological  importance. 

Opening  Shock. — [( in  applying  a  singlr  induction  shock  to  a  nerve  or  a  muscle,  the  cJfcct  is 
greater  with  the  e/^nint^  shock.  If  the  secondary  spiral  be  separated  from  the  primary.  10  thai  th* 
induced  currents  are  not  sufficient  In  cause  contraction  of  a  muscle  when  applic*)  to  its  not'* 
nerve,  then,  on  gradually  approximating  the  secondary  to  tbe  primary  ^iral,  the  oftmH;:;  abodt  vlD 
cause  a  contraction  before  the  closing  one  docs  so.] 
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Helmholtx's  Modification. —Under  ccitaia  circti Distances,  itisdesir^le  to  er^ualice  ihe  opening 
nd  closing  shocks.  This  may  b«  done  by  greatly  weakening  the  exlrn  current,  which  may  he 
ccomplished  by  making  ihe  primary  sjiiral  of  only  a  few  coils  of  wire.  v.  Hclmliullz  accomplishes 
be  same  rc^iiU  by  introduclni;  a  secondary  circuit  into  the  primury  currenL  Hy  this  arrao^ment 
he  current  in  the  primary'  spiral  never  completely  di.sappeart.  but  l>y  alternately  closing  and  open- 
ng  this  secondary  circuit  where  the  resistance  is  much  less,  it  ts  alternately  weakened  and  i^trength- 
ned. 

[In  Fig.  354  a  wire  is  intmriiiced  between  a  and/,  while  the  binding  scr  -w,  /.  is  separated  from 
lie  platinum   contact,  i-,  of  Nccfs  hammer,  but  at  the  same  time  the  screw,  i/,  is  rairted  so  that 

touches  Neefs  hammer.  The  current  pasf^es  from  tlie  battery,  K,  through  the  pillar,  a,  to /"  in 
be  direction  of  the  arrow,  throngh  the  primary  spiral.  I*,  to  the  coil  of  soft  wire,^,  and  back  to  the 
«ttery,  through  A  and  f.  But^  is  magnetized  thereby,  and  when  it  is  so  it  attracts  r  and  makes  it 
Mich  the  screw,  i^.  Thus  a  secondary  circuit,  or  short  circuit,  is  formed  llirough  a,  6.  c,  t/,  e,  which 
'Cakens  the  current  passing  through  the  electro-magnet,  ^,  so  that  the  elastic  metallic  spring  Riei 
p  again  aud  the  cum  nt  through  the  primary  spiral  is  long  circuited,  and  thus  the  process  is  repealed. 
n  Fig.  353  the  lines  i  and  7  in:licate  the  course  of  the  current  in  the  primary-  circuit  of  closing  (/t), 
nd  opening  {cj.  It  roust  Ik:  remembered  that  in  this  arrangement  there  is  al'Any<  n  current  paiistng 
brough  the  primary  spiral,  P  (Fig.  354).  The  dotted  lines,  6  and  8  alnive  and  below  S„.  represent 
1e  course  of  the  opening  (a)  and  closing  shocks (i-)  in  the  secondary  spiral.  Kven  with  this  arrange 
lent  the  opening  is  still  slightly  stronger  itiaii  the  closing  shock.]     The  two  shock*,  however,  may 


\ 


35). — Scheme  of  the  inducnl  cumenf^.  P, ,  iib«c)««A  of  the  primar)*,  and  !>„  uf  the  lecondtry  current.  A,  bei;iii- 
tiinc  AihI  t,  «nii  iif  ilic  irduclfiB  ciirrcni ;  i.  curve  cif  the  p'Jm;>ry  curretit  weakened  hy  the  cxtn  current ;  j, 
wbcTv  ihe  pnmor>'  curreni  1*  operveJ ;  s  and  4,  correfcpor(Iin([  currents  induced  in  tlie  »e<:ondkr>'  spiral,  P-, 
height ;  r  r,  ilie  MrcoKih  of  the  cnr^iuni  indibciitt;  ciirreni ;  5  and  7,  the  curve  of  the  indiiring  currcni  when  It 
it  opened  jnd  cli»ed  during  Helinh-lix'k  modification ;  6  und  B,  the  curKAponding  currenit  inducctl  in  the 
wcitDilAry  citLuii,  h'ig  j\f. — Hcltnhf>lii'«  modific-.ttinn  of  Necf^»  hammer.  A»  long  a^  f  ii  not  in  coni.tct 
with  d.e  ^  remain*  maenettc  ;  thus  c  it  altnicted  to  d,  and  a  lecoiidary  circuit,  a,  h,  c,  4,  *,  l»  formed ;  e  then 
tprinsi  T)«ick  acain,  and  thiM  tlie  pruccuguc*  on.     Aticw  wire  is  introduced  ui  connect  *  with^    K,  battery. 


;  completely  equalized  hy  placing  a  resistance  coil  or  rheostat  in  the  short  circuit,  which  increases 
le  reustance,  and  thus  increases  the  current  through  the  primary  spiral  when  the  sboit  circuit  is 
'osed. 

Unipolar  Induction. — When  there  is  a  Tcr>'  rapid  current  in  the  primary  spiral,  not  only  is  there 
current  induced  in  the  secomiary  spiral  when  its  free  ends  arc  closed,  e.  ^.,  by  being  conncclcd 
ith  an  anim.il  ti&sue,  but  there  is  also  a  current  when  one  wire  is  attached  to  a  biadiii;^  scre\«  con. 
scted  with  one  en'l  of  the  wire  of  the  secondary  spiral  (p.  572).  A  muscle  of  a  frog's  teg,  when 
»nikecled  with  thl*.  wire,  contracts,  and  this  is  called  a  unif>oi<jr  mduced  nmtradion.  It  usually 
:curs  when  the  primary  circuit  is  opened.  The  occurrence  of  tht^e  contractions  )<i  favored  when 
le  other  end  of  the  spiral  is  placed  in  connection  with  the  ground,  and  wheu  the  frog's  muscle 
reparation  is  not  coTpletelv  insulated. 

Magneto  Induction. — If  n  magnet  be  tirought  near  to,  or  thrust  into  the  interior  of,  a  coil  or 
ire.  it  cxctles  a  current,  and  also  when  a  piece  of  soft  iron  is  suddenly  rendered  ma^tictic  or  5ud> 
enly  dcmagneii/ed.  The  direction  of  the  current  so  induced  in  the  spiral  is  exactly  the  same  as 
lat  with  Faradic  electricity,  i.  e.^  the  occurrence  of  the  m;igneti»m  on  approximating  the  spiral  to 
magnet,  excites  an  induced  current  in  a  direction  opposite  to  that  sup|)oscd  to  circulate  in  the 
Lagnet.  (lon^crsely,  the  demagnetization,  or  the  removal  of  the  spiral  from  the  m^nct,  causes  a 
1  rent  in  the  same  direction. 

Acoustic  Tetanus. — If  a  magnet  be  rapidly  moved  to  and  fro  near  a  spiral,  which  can  easily 
:  done  by  fixing  a  vibrating  magnetic  rod  at  one  end  and  allowing  the  other  end  to  swing  freely 
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near  the  sural,  Ihcn  the  pilch  of  rhc  note  of  the  vibrating  rod  gives  ns  the  rkpiHttjr  of  the  MacAn 
shocks.  If  a  frog's  nerve-rau&cle  prcpanUiou  be  stimulated  we  get  what  GroMmann  called  *■  iooosk 
lelanus." 

330.  DU  BOIS-REYMOND'S  INDUCTORIUM-MAGNETO-INDUCTION  AP- 
PARATUS. — Inductorium  of  Du  Bois-Reymond. — The  imluctton  spp^rutus  of  Im  K>«- 
KcymotKl,  which  is  used  for  |»hy>iij|oiTicaI  jiurjioses,  is  a  moditicaliim  uf  the  mayncto-clcaiinudr 
a]>|)Brj|u!>  of  Wagner  ami  Nccf.  A  scheme  ol  the  apparatus  is  given  in  Fig.  355.  D  rr\nt^-u 
the  constant  element,  r.  t.,  the  galvanic  batter)-.  The  wire  from  the  positive  pule,  a,  |aml»i 
metatlic  culuinn,  S,  which  ha^  a  horitontal  vibrating  apring,  F.  attached  tu  its  upper  eoil  TolW 
uuler  end  of  the  spiin^  n  iM^uare  piece  of  iron,  f,  ts  attached,  llie  mithlle  point  of  the  upper  m- 
face  of  the  spring  [covered  with  a  little  pi^ce  of  platinum]  is  in  contact  with  a  movable  icm,l 
A  moderately  thick  copper  wire,  e,  pasAes  frnm  the  screw,  l>,  tu  the  primary  spiral  or  coil,  j,  1, 
which  conlninx  in  its  interior  a  number  of  pieces  of  '^oft  iron  wire,  1,  I,  mvnnrvl  with  a»  inuibUf 
varnish.  The  copper  wire  which  surrounds  the  primary  spiral  is  covered  with  silk.  Tht  ^at^i^ 
is  cuntinued  from  the  primary  spiral  to  a  horseiho^  piece  of  soft  iron,  H.  around  which  it  iscoW 
!>pirallv.  and  Trcim  thence  it  proceeds,  aty.  hack  to  Ihc  negative  pole  of  the  battery^^.  Wbnidic 
current  in  this  circuit — cilled  the  primary  circuit — is  closed,  ihe  following  effects  are  pnxIsaJ: 
The  boraeshoe,  H,  becomes  nM^iicLic,  in  consequence  of  which  it  atiractb  the  movable  sfmsf  o 
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Scheme  of  Oii  IkiU-Ki  ymoml'K  Aleitgr-inilurttan  machine,     t),  coutiant  clement;  «,  wlir  (rota 
pole:  S,  trruvk  iipriclil :  P,  claitUt:  %pHni! :  h,  hin<)tnfE«crew  ;  c,  wire  ruund  primary  spiral  Ir.jrt.c 
toll  trim  wirr  ;   K,   K,  wcnnilnry  •ipiril,  wilh  Iwarrl  (/.  ^)  do  which  it  can  be  n»oveo  ,    H,  «aft 
ciirrriit  {4,f\  pjviing  roun<t  ii.   II,  Lev  for  bccniidary  ciri:uit,  iu  shown  it  i»  short  citcuiled.  Ill,  dacirvdisl 
witb  a  key  (K)  for  breskinu  the  clrcutl. 


NeePs  hammer,  t,  whereby  the  contact  of  the  spring,  F,  with  the  screw,  b,  is  broken.  Tha>^ 
current  is  broken,  the  horseshoe  is  demagnetiied,  the  spring,  e,  is  liberated,  and,  being  eliilic.* 
springs  upward  again  to  its  original  po«iiion  in  contact  with  A,  and  thus  the  current  is  re^estaUi^d- 
The  new  contact  causes  tl  to  tie  mngncti/:e<i,  so  that  it  must  alternately  rapidly  attract  andliNr* 
the  spring,  t,  whereby  the  primary  current  is  rapidly  made  and  broken  between  F  and  h. 

A  aecondary  Spiral  or  coin K,  K)  is  placed  in  the  same  ilirection  as  the  primarr  f  J,  »  .^ 
hiving  no  connection  with  it.  U  moves  in  grooves  ujwti  a  long  piece  of  wood  \f;  p\.  The  »ecc«"**T 
spiral  consists  of  a  hollow  cylinder  of  wood  covereil  with  numerous  coils  nf  thin  silk-covcrtd"* 
llie  secondary  spiral  moving  in  slots,  can  be  approximated  to  or  even  poshed  eirtirtly  irrer  As 
primary  spiral,  or  can  be  rcmovtrd  from  it  to  any  diMance  desired. 

fFiii.  356  show*  the  actual  arrangement  of  Du  Bois-Reymond's  inductorium.  TW  pfnatf? 
coil  (R')  consists  of  about  150  coils  of  thick  in^fulnicd  copi>cr  wire,  the  wire  l^ing  lh»cl,tfl  ^ 
slight  resistance  to  the  galvanic  current.  The  secondary  coil  (R")  cunsi>ts  of  6000  lurasn'tWB 
insulated  copper  wire  arranged  on  a  wooden  liobhin  ;  tlie  whole  spiral  can  be  moved  alnoji* 
hoard  (H),to  which  a  millimcire  scale  (I)  is  attochetl.  so  that  the  di<.tance  of  Ihe  secondary  hwBl^ 
primary  spiral  may  be  a'iceriaincd.  At  the  left  end  of  the  apparatus  is  Wagner's  bamncr  ■ 
adapted  bv  Neef.  which  is  jus*  an  automatic  arrangement  for  opening  and  Iitcaking  ihep*^'? 
circuit.     When  Neefs  hammer  is  used,  the  wires  from  the  battery  are  connected  as  io  tbe6{<in* 


loduction  JLppkniuior  Dii  BntvRcymond.     R'.  primary.  R",  %ecoiidary  *pirjl ;     B.  board  on  *»hicli  R"  moves  ;   I, 

»  scale;  -i ,  nfirt*  rmrn  baitery;  P'.  P".  pilUni;  H,  NccP*  liaiptncr;  U'.  clcciro-ina){aci  ;  S',  ttirdini;  Krvw 
Uiuchiiu;  ibc  tied  «|jring  ( H) :  S^  and  S*",  bindiog  screw*  to  which  U>  »tuu:h  wires  when  N««f 's  hamiaer  U  nut 
required  {iHliatl  BrcikerM). 

ihc  iaduced  current  ha^  (he  same  direction.  Further,  according  lo  ihe  laws  of  magneto  induciioii. 
there  is  the  mognctizatian  of  the  iron  rotJs  \J^  i)  within  the  primary  spiral  (.r,  .r),  that  causw  a 
revert*  ctkntoi  in  the  secondary  spiral  (K,  K),  while  the  dcmi^netizaiion  of  the  iron  rods  on  opening 
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The  magneto- induction  (R)  ap^iaratus  of  Pixii  ( l8p),  improved  by  SaictoD,  and  ttiU 
improved  by  Sidhrer,  consists  of  a  very  powerful  horseshoe  steel  magnet  (Fig.  357). 
its  two  poles  (N  and  S)  is  a  hoiseslioe  shaped  piece  of  iron  (II).  which  rotates  on  a  be 
axis  (a,  &).  On  the  ends  of  the  horseshoe  arc  6xed  wooden  bobbins  (r,  1/],  with  an  insolilcd  vRt 
coiled  round  them.  When  the  horseshoe  is  at  rest,  as  in  the  figure,  it  becomes  ougnetiied  hjtUi 
steel  magnet,  while  id  the  wires  of  both  bol>t)ins  ic  and  J)  an  electric  cutrrnt  is  developed  ftrf 
time  the  horseshoe  is  demagiietiied  and  a^in  magncdud.  When  the  bobbins  rotate  io  fivatof 
the  magnet,  as  each  cnil  approaches  one  pole  a  current  is  induced,  and  similarly  when  (t  iteutcd 
past  the  pc^Ie  of  the  nm^^nci,  so  that  four  currents  are  induced  in  each  coil  hy  a  single  rotuUuL  9f 
means  of  Stdhrer's  commutator  [m,  w)  ailached  to  the  spindle  (a,  S),  and  the  divided  metal  pliM 
(y,  :  \  which  pass  lo  the  electrodes,  the  two  currcnta  induced  in  the  bobbins  are  obtained  bi  the  wk 
airecliDn. 

Keys,  or  arrangements  for  opening  or  breaking  a  circuit,  arc  of  great  use-  Fig.  555.  II,  thm 
a  scheme  of  a  friction  key  uf  Da  Bois-RcymoDd,  introduced  into  the  secondary  ctrcuir.  It  a» 
ststB  of  two  brass  bars  (3  and  y)  fixed  to  a  plate  of  ebonite,  and  as  long  as  the  key  is  down  on  tbe 
metal  bridge  (y,  r,  t)  il  is  "  sAort  circuiert/J"  i.  f.,  the  conduction  is  so  good  through  the  thick  tn* 
bars,  that  none  of  the  currcnr  rocs  through  the  wires  leading  from  the  left  of  the  key.  Whea  tke 
bridge  (r)  is  lifted  the  current  ii  opened.  [The  term  accessory  circuit  is  also  uwrd  for  shon  ciraA  1 
[Fig.  358  shows  the  actual  fnrm  of  the  key,  v  being  a  sCTew  wherewith  to  clamp  it  lo  tbe  tiMe,) 
Similarly,  the  key  electrodes  (III)  may  be  used,  the  current  being  made  as  soon  as  the  spring  con 
necting  plate  {e)  is  raised  by  preying  upon  k.  This  instrument  is  opened  by  the  hand ;  4,  /  an  tf« 
wires  from  the  battery  or  induction  machine  ;  r,  r,  tboae  going  to  the  tissue ;  G,  the  haadle  of  iht 
instrument. 

[Plug  Key. — Olher  forms  of  keys  are  in  use,  ^.^.,Fig.  359.  the  plug  key,  the  two  ttrutplilBi'i 
which  the  wires  arc  attached  being  fixed  on  a  plate  of  ebonite.     The  brass  plug  is  used  to 


Fic  359. 


Fig.  pS9. — Plug  key      Fig.  j6o. — Capillary  coniact.     e,  vlbratlns  plaiinuni  «yle  sdjiuublc  by  /  »nA  f,\ 
inio  mercury  ai  tf ;  ^,  bent  tube  filled  wiih  mercury,  into  whkh  di[>s  a  wuc  (i/j :  a,  upcniog  in  cm*  1 
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the  two  brasH  plates.  All  these  are  dry  contacts,  but  sometimes  %fiuid  contact  is  used,  ai  is  tW 
mercury  key,  which  merely  consists  of  a  block  of  wood,  with  a  cup  of  mercury  in  it*  cnilrc.  TW 
crids  uf  the  wires  from  the  botrery  dip  into  the  mercury;  when  both  wires  dip  into  the  mercury. i^ 
circuit  is  made,  and  when  one  is  nut  it  is  broken.] 

[Capillary  Contact  Key. — When  an  ordinary'  mercury  key  is  used  to  open  and  close  the] 


circuit,  the  layer  of  oxide  formed  on  the  surface  by  the  opening  spark  disturbs  the  condooioi''^ 
a  shon  time;  hence,  it  is  advisable  lo  wash  the  surface  of  the  mercury  with  a  dilute  tototios  '^ 
alcohol  and  water  {  W.  Siirlinif).  A  handy  form  of  '*  capillary  contact  "  is  shown  in  Fig.  36a aA 
as  was  used  by  Kronecker  and  Stirling  in  their  experiments  on  the  heart.  "  A  glass  T  tuW  '*  P^ 
vtded  at  the  crofisirig  point  with  a  small  opening  (<?).  The  vertical  tube  (*|  is  )>em  in  the  fofmi-f^U. 
and  filled  so  full  with  mercury  that  the  convex  surface  of  the  latter  projects  within  the  lumen  fift^ 
transverse  tube  (r).  f)ne  end  of  .'  is  connected  with  a  Mariotte's  flask  containing  diluted  ikoiwi* 
and  the  supply  of  the  latter  can  be  regulated  by  means  of  a  stop  cock.  The  Huid  (lows  owr 
apex  of  the  mercury  and  keeps  it  clean.  The  vibrating  platinum  style  {e\  i*  attached  to  the  eiJl 
a  rod,  which,  in  turn,  is  connected  with  the  positive  pole  of  the  battery,  while  tbe  platinum  vtrel 
is  connected  with  the  negative  pole  nf  the  battery."] 

331.  ELECTRICAL  CURRENTS  IN  PASSIVE  MUSCLE  AND  NERVE- 
SKIN  CURRENTS.— Methods. -In  order  to  invesiigate  the  laws  of  the  mu'^le  rurrr*.*' 
must  use  a  muscle  composed  of  parallel  hbres,  and  with  a  simple  arrangement  of  v.  '^^ 

form  of  a  pri'-m  or  cylinder  (Fig.  361.  I  and  II).     The  sartorius  muscle  i»f  ihc  frot;  ' 

conditions.  In  such  a  muscle  we  distinguish  the  surface  or  the  natural  longitudtutfi  b^v.^o. 
its  tendinous  ends  or  the  natural  transverse  section ;  further,  when  the  latter  ts  divulctl  Ut*- 
vcrsely  t>  tlie  tang  axis,  the  artificial  transverse  section  1  Fig,  361,1,1,^1:  lastly, the  IP* 
equator  (a,  ^w,  h)  is  applied  to  a  line  so  drawn  as  exactly  to  divide  the  length  of  the  nuwleii** 
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lives.  As  ihe  currents  nre  very  feeble,  it  isneces&ary  In  use  a  galvanometer  with  a  periodic  damped 
AgnM  (Up*-  345,  I,  and  350),  or  a  tangent  mirror  t»ous*nle  similar  to  that  lucd  for  thcrmo- electric 
arposes  (Fig-  216).  Tbe  wires  leading  from  the  li&sue  are  connected  with  non-polahuble  etec- 
od«(Fig.  345,  I'.  P). 

The  capillary  electrometer  of  Lippmann  may  be  used  for  detecting  the  cnrrent  (Fig.  36a).  A 
ire«d  of  mercui7  encloMd  in  a  capillary  lube  and  touching  a  conducting  fluid,  e.g.,  dilute  sulphuric 
;id,  Is  displaced  by  the  constant  current  in  consequence  of  the  polarization  tailing  place  at  ihc  point 
r  contact  altering  the  constancy  of  the  capillarity  of  the  mercury.  The  displacement  of  the  mcr- 
iry  which  the  observer  (B]  detects  by  the  ?.u\  of  the  microscope  (M)  is  in  the  direction  of  ihe 
ositive  current.  In  i~ig.  363.  K  is  a  capillary  glass  tulie,  hlled  from  above  with  mercury,  and  from 
rlow  with  dilute  sulphuric  acid.  Its  lower  narrow  end  0|>en<i  into  a  wide  glass  lube,  provided 
elow  wiih  a  platinum  wire  fjscd  into  it  and  filled  with  Hg  {q),  and  this  again  is  covered  with 
Uule  sulphuric  aciil  {s).  The  wires  are  connected  with  non-polariuble  electrodes  applle*!  lo  the 
-  and  —  surfaces  of  the  muscle.  On  closing  the  circuit,  the  thread  of  mercury  paucs  downward 
Tim  r  in  the  direction  of  the  arrow.  [A  very  simple  and  convenient  modilicalion  of  this  tnstru* 
lent  for  studying  the  muscle  current  has  recently  been  invented  by  M'Kendrick.] 

Coropenaation.— The  strength  of  the  current  in  animal  tissues  is  best  measured  by  the  com* 


Kin.  361. 


Fic.  36a, 


-■--M 


III. 


M    ^ 


Scfacne  of  ibv  nuMrlc  currcBl. 


Capillary  elcctrvtncccr  laflcr  Ckrtithtmi).  R, 
mercury  in  tube;  ^.  c;!!!!)!!;^  tube;  t,va\- 
phuHc  Bdd;  f,  Hs;  B.  oburvsr;  M. 
tnicrofcopc. 


maatioa  method  of  Toggendorf  and  Do  Hois  Reymond.  A  current  of  known  strength,  or  which 
in  be  accurately  graduated,  is  parsed  in  an  opposite  direction  through  the  same  galvanometer  or 
jnssolc,  until  the  current  frum  the  animal  tissue  is  just  neuLraliied  or  compensated.  [When  this 
rcura.lhe  ueedlc  dcllcctcd  by  the  tissue  current  returns  to  zero.  The  principle  is  exactly  the  same 
that  of  weighing  a  body  in  terms  of  some  standard  weights  placed  In  the  opposite  scale  pan  of 
e  balance.] 

1.  Perfectly  fresh,  uninjured  muscles  yield  no  current,  and  the  same  is 
■ue  of  dead  muscle  (L.  Hermann ^  1867). 

2.  Strong  electrical  currents  are  observed  when  the  transverse  section  of  a 
luscle  is  placed  on  one  of  the  cushions  of  the  non-polarizabie  electrodes  (Fig. 
45»  I,  M"),  while  the  surface  is  in  connection  with  the  other  [Nobiliy  Maitttiui^ 
>w  BoiS'Rcyfnond).  The  direction  of  the  current  is  from  the  (positive)  iongi- 
idinal  section  to  the  (negative)  transverse  section  in  the  conducting  wires  (/.  ^., 
ithin  the  muscte  itself  from  the  transverse  to  the  longitudinal  section  (Figs.  345, 
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I,  and  361,)  I).  This  current  is  stronger  the  nearer  one  electrode  is  to  tht 
equator,  and  the  other  to  the  centre  of  the  transverse  section  ;  while  the  »lrcn|;th 
diminishes  the  nearer  the  one  electrode  is  to  the  end  of  the  surface,  and  the  uihrr 
to  the  margin  of  the  transverse  section. 

Smooth  mutcles  also  yieM  limibr  currents  between  iheir  transverte  and  longitadinal  nrfiR* 

(8  33-».  ")■ 

3.  Weak  electrical  rurrcnis  are  obtaineU  whtn — ((/)  two  points  at  unequaldis* 
tances  from  the  equator  are  connected  ;  the  current  then  passes  from  the  \u\al 
nearer  the  equator  (-}-)  to  the  point  lying  further  from  it  ( — ),  but  of  course lh» 
direction  is  reversed  within  the  muscle  itself  (Fig.  361.  II.  Jtf  and  /t).  (A)  Simi- 
larly weak  currents  are  obtamed  by  connecting  points  of  the  transverse  section  il 
unequal  distances  from  the  centre,  in  which  case  the  current  outside  the  musck 
passes  from  the  point  lying  nearer  the  edge  of  llie  muscle  to  that  nearer  tbecentrt 
of  the  trans^'eree  section  (Fig.  361,  II,  /,  r). 

4.  When  two  points  on  the  surface  arc  equidistant  from  the  equator  (Fig.  j6r, 
I,  jr,_y,  p,  s, — 11,  r,  r),  or  two  equidiiianl  irom  the  centre  of  the  transven* sec- 
tion (II,  c)  are  connected,  no  current  is  obtained. 

5.  If  the  transverse  section  of  a  muscle  be  oblique  (Fig.  361,  III),  so  thai  the 
muscle  forms  a  rhomb,  the  conditions  obtaining  under  III  are  disturbed.  Tltf 
point  lying  nearer  to  the  obtuse  angle  of  the  transverse  section  or  surface  ispu«i* 
tive  to  the  one  lying  near  to  the  acute  angle.  The  equator  is  oblique  (*/,  f).  These 
currents  are  called  ** tirviaihn  currents**  by  Du  Bois-Reymond,  and  their  counr 
is  indicated  by  the  lines  1,  2,  and  3. 

Strength  of  Electro-motive   Force. — The  electro- motive  force  of  %  ttramg  mm$<te  <Bm^ 

{frog)  is  equal  to  0.03  to  0.08  of  a  Uanicll's  element :  whil«  the  strongest  devidhoii  current  u^U 
o.il>aniell.  The  muscles  of  a  curariccd  animul  01  lirv  yivld  tttiun^cr  curnrms :  />j/rxi*f  A*  ^ 
muscle  diminishes  ihc  sircnKih  of  the  current  \Ji»fber),  while  11  is  cumpletely  ntwh-'  •-'  •»»■"  'W 
muscle  dies.     Nenttnt;  a  muscle  increases  the  current ;  but  above  40^  C  it  is  dimii  •>. 

Loolmg  diminishes  the  electroniotive  lurce.     The  wannetl  iivtrtji  muscular  a»d  ncr  '^t 

\ifermann.  Worm  Afiititr,  Gr&nnff)  '\%  positive  to  the  cooler  |Mtni*»n» ;  while,  if  the  J^.i  '  ^ 
be  heated,  they  t«ha%-c  practically  as  indifferent  lx»lie:i  as  rcgardi  tlie  tiuuc*  that  are  noi  ii'ji><-- 

6.  The  passive  nerve  behaves  like  muscle,  as  far  as  2,  3,  and  4  are  cooctmtd 

The  electro-motive  fnrce  of  the  strongest  nerve  current,  according  to  t>u  Hnii  Reymoiid.  t*  00) 
of  a  I^anicll,  Heating  a  ner\'C  to  t5°*25°  C.  incrcaKS  the  nerve  curtcnt,  while  hi|;h  temperanuB 
diminish  it  {Steiner). 

7.  If  the  two  transversely  divided  ends  of  an  excised  nerve,  or  two  poinlson 
the  surface  equidistant  from  the  equator  be  tested,  a  current — the  axial  current 
— flows  in  the  nerve  fibre  in  the  opposite  direction  to  the  direction  of  the  nonuil 
impulse  in  the  nerve  ;  so  that  in  centrifugal  nerves  it  flows  in  a  centripetal  direc- 
tion, and  in  centripetal  nerves  in  a  centrifugal  direction  i^M^mietst^hH  ai$J  t"3^^^ 
tiam ). 

Rheoscopic  Limb.^-The  existence  of  a  muscle  current  may  Ije  proved  witfi- 
out  the  aid  of  a  galvanometer  :  i.  By  means  of  a  sensitive  nervc-mtiscle  prepa"' 
tion  of  a  frog,  or  the  so-called  " physio/oguai  rheos^ope.'*  Place  a  moist  conducw* 
on  the  transverse  and  longitudinal  surtace  of  the  ga>trocncmius  of  a  frog.  Oo 
placing  the  sciatic  nerve  of  a  nerve-muscle  preparation  of  a  frog  on  this  conduct"'" 
50  as  to  bridge  over  or  connect  these  two  surfaces,  contraction  of  the  mtuclr  coti- 
nected  with  the  nerve  occurs  at  once ;  and  the  same  occurs  when  the  nerve  v> 
removed. 

[Uk  a  nerve-muscle  preparaltoa,  or,  as  ii  it  called,  a  physiological  limb.  Hold  tbe  pmaiiw* 
by  the  femur,  and  allow  its  own  nerve  to  fall  upon  the  gastrocnemius,  and  the  niu>clc  will  conDA 
but  it  i«  better  to  allow  the  nerve  to  fall  surlilcnly  upun  (tie  cross  section  i>r  the  muwle.  Umb"^ 
then  completes  the  circuit  between  the  lungitudinal  and  transverse  section  of  ihr  muscle,  w  iM* 
is  stimulated  by  tbe  current  from  the  latter,  the  nerve  is  simulated,  and  through  it  the  M'^ 
That  it  is  so,  is  proved  by  tyrng  a  thread  ruund  the  nerve  neir  the  inu»cle,  when  the  Utter  wi  ^"^ 
contracts.] 
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Contraction  without  Metals. — Make  a  transverse  section  of  a  gastrocnemius 
muscle  of  a  frog's  nerve-must le  preparation,  and  allow  the  sciatic  nerve  to  fall 
upon  this  transverse  section,  when  the  limb  contracts,  as  the  muscle  current  from 
the  longitudinal  to  the  transverse  surface  now  traverses  the  nerve  {Git/vaniyAL  v. 
Bumboidt), 

2.  Self- stimulation  of  the  Muscle. — We  may  use  the  museh  atmnt  of  an 
isolated  muscle  to  stimulate  the  latter  directly  and  cause  it  to  contract.  If  the 
transverse  and  longitudinal  surfaces  of  a  curarized  frog's  nerve-muscle  preparation 
be  placed  on  non-polarizuble  electrodes,  and  the  circuit  be  closed  by  dipping  the 
wires  coming  from  the  electrodes  in  mercury,  then  the  muscle  contracts.  Simi- 
larly a  nerve  may  be  stimulated  with  its  own  current  (Z>«  Bois-ReymonJ  and 
others).  If  the  lower  end  of  a  muscle  with  its  transverse  section  be  dipjjcd  into 
normal  saline  solution  (o.G  [)er  cent.  NaCl),  which  is  quite  an  indifferent  fluid, 
this  fluid  forms  an  accessory  circuit  between  the  transverse  and  adjoining  longi- 
tudinal surface  of  ihe  muscle,  so  that  the  muscle  contracts.  Other  indifferent 
fluids  used  in  ihe  same  way  produce  a  simitar  result. 

3.  Electrolysis. — If  the  muscle  current  be  conducted  through  starch  mixed 
unth  potassic  iodide^  then  the  iodide  is  deposited  at  the  -J-  pole,  where  it  makes 
the  starch  blue. 

Prog  Current. — It  is  asserted  that  the  total  current  in  the  Iwdy  is  the  sum  of  Ihe  electrical  cur- 
icnls  uf  Ihe  Mvetitl  niiisdefrnnd  nerves  which,  in  a  frog  deprived  of  its  skin,  parses  frum  the  tip  of 
the  (oc»  toward  the  trunk,  and  in  the  trunk  from  the  anus  to  the  head.  1  \\&  is  ihc  *•  corratte  firt>- 
prut  d* Hit  rena"  uf  Leopoldo  Nobili  (1827),  or  the  "fro^  lurrett/"  of  iJu  Buis  Reyniond.  In 
mammals  the  corrcspoiidin({  current  (>asAes  in  the  opjKwiie  direction. 

After  death  the  currents  disappear  sooner  than  the  cxcitaMlity  (^  t'a/c/t/in) ;  they  remain  longer 
iu  tlic  mukclc  than  the  nerves,  imd  in  the  latter  Ihcy  disappear  sooner  in  the  central  portions.  Jf 
the  nerve  current  after  a  time  l»ecomes  feeble,  it  may  be  strengthened  hy  making  a  new  tmnM\cnte 
section  of  the  ner^c.  A  motor  nerve  completely  paralyzed  by  curara  ^wcs  a  current  (/w«.t<'j,  and 
10  does  a  nerve  beginning  to  undergo  degencr.iiion,  even  two  weeks  alter  ii  })a5  lust  it!»  excitability. 
Muscles  in  a  stale  of  rieor  mortis  give  currents  in  the  opposite  directiun,  owing  in  inequalities  m 
Ihe  decomposition  which  takes  place.  The  nerve  cunent  u  revcnted  by  the  action  of  boiling  water 
or  drying. 

Currents  from  Skin  and  Mucous  Membranes. — In  the  skin  of  the  frog 
the  outer  surface  i:>  -|-  ,  the  inner  is  — ,  {Du  Bois  Reymotid,  Jiudge),  and  the  same 
is  true  of  the  mucous  membrane  of  the  iniesiinal  tract  (Rosentha/),  the  cornea 
{Oriinhagen),  as  well  as  the  non-g/dnduiar  skin  of  fishes  {//ermafin)  and  molluscs 
(  Oehler). 

Stimulation  of  the  Secretory  Nerves  of  the  glandular  memhrancs,  besides  causing  secretion, 
affects  the  current  of  rest  {Hvtber).  This  secretion  current  (>asscs  in  the  ;<iiw/r  direction  in  the 
skin  of  the  frog  and  warm  bluodcd  animals  as  the  current  of  re^it,  al'hough  m  llie  fri>g  ii  is  occa- 
sionally in  the  opposite  direction  yUermann).  If  the  current  Iw  conducted  uniformly  from  b<Jth 
the  hind  feet  of  a  cat,  on  stimulating  the  sciatic  nerve  of  one  side,  not  only  is  there  a  secretion  of 
sweat  {\  zSSi,  but  a  secietitm  current  is  dcvelope<i  (LucMstn^cr  and  //t-rmann).  ll  two  ^ymmet• 
rical  pans  of'  the  skin  in  the  leg  or  arm  of  a  man  be  similarly  tested,  and  the  muscle  of  one  side 
he  coniracicJ,  a  similar  current  U  developed.  Des'.ruction  or  atrophy  of  the  glands  aU>lishes  both 
the  jJMwer  of  secretion  and  the  secretion  current.  There  is  no  secretion  current  from  skin  covered 
with  hairs,  but  devoid  of  glan<ls  t^HufiHoff').  [The  secretion  current  from  the  submaxillary  gland 
is  referred  to  in  }  145  (Baylus  and  Bradford),'\ 

33a.  CURRENTS  OF  STIMULATED  MUSCLE  AND  NERVE. 
— 1.  Negative  Variation  of  the  Muscle  Current. — If  a  muscle,  which 
yields  a  strong  electrical  current,  be  thrown  into  a  state  of  tetanic  contraction  by 
stimulating  its  motor  nerve,  then,  when  the  muscle  contracts,  there  is  a  diminu- 
tion  of  the  muscle  current,  and  occasionally  the  needle  of  the  galvanometer  may 
swing  almost  to  zero.  This  is  the  negative  variation  of  the  muscle  current  i Du 
Bois-Reymond).  It  is  larger  the  greater  the  primary  deflection  of  the  galva- 
nometer needle  and  the  more  energetic  the  contraction. 

After  tetanus  the  muscle  current  is  weaker  than  it  was  before.  If  the  muscle  was  so  i>laced  upon 
the  electrodes  that  the  current  was  *'  feeble,"  equally  during  tetanus,  there  is  a  diminution  of  this 
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current.  In  the  ioaaive  amngeraent,  the  contraction  of  the  muscle  has  oo  rflect  on  the  wttAt. 
If  the  muscle  be  prevented  from  shortening,  as  by  keeping  U  tense,  the  negative  TamiioowU 
takes  place. 

2.  Current  during  Tetanus. — An  excised  frog's  muscle  ietanized  through  m 
nen>e  shows  clcciro-nioior  force — the  so*called  "  action  current."  In  a  tctM- 
ized  frog's  gastrocnemius  there  is  a  desceruiing  c\xxrcni.  In  completely  uniojarrd 
human  muscles,  however,  thrown  into  tetanus  by  acting  on  their  ner\es,  thcrra 
no  such  current  (Z.  Hermanri)  ;  similarly,  in  guite  uninjured  frog's  musclrt,  li 
well  as  when  these  muscles  are /iVWr/^  and  compleie/y  ietanized,  there  is  no  cur- 
rent. 

3.  Current  during  the  Contraction  Wave. — If  one  end  of  a  muscle  be 
directly  excited  with  a  momentary  stimulus,  so  that  the  contraction  ware  (ji  vf^\ 
rapidly  passes  along  the  whole  length  of  the  muscular  fibres,  then  each  pirtoif 
the  muscle,  successively  and  immediately  before  it  contracts,  shows  the  negative 
variation.  Thus  the  *'  contraction  wave'*  is  preceded  by  a  **  negative  tinJve"o( 
the  muscle  current,  the  latter  occurring  during  the  /atent period.  Both  wtves  hifc 
the  same  velocity,  about  3  metres  per  second.  The  negative  wa%-e,  which  fini 
increases  and  then  diminishes,  lasts  at  each  point  only  0.003  second  (Bernstein). 

4.  During  a  Single  Contraction. — A  sing/e  contraction  aUo  shows*  muscle 
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S«coMlary  cnninictjon.    The  sdfttlc  nerve  of  A  Iks  on  B: 
E,  dectriKlM  BppHid  to  the  sdatic  ntrvw  of  B. 
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current.  The  best  object  to  use  for  this  purpose  is  a  contracting  heart,  which  «* 
placed  upon  the  non-polarizable  electrodes  connected  with  a  sensitive  gal**' 
nometer.  Each  beat  of  the  heart  causes  a  deflection  of  the  needle,  which  ofons 
before  the  contraction  of  the  cardiac  muscle  {KoHiker  and  H.  Muiler),  The 
electrical  disturbance  in  the  muscle  causing  the  negative  variation  always  precede 
the  actual  contraction  {v.  Helmkoitz,  1834),  When  the  completely  uninjured 
frog's  gastrocnemius  contracts  by  stimulating  the  nerve,  there  is  at  first  a  descend- 
ing and  then  an  ascending  current  {Sig.  Meyer,  §  344,  II). 

Secondary  Contraction.— A  nerve-muscU  prcjaration  may  be  used  w 
demonstrate  the  electrical  changes  that  occur  during  a  single  contraction.  IH?*^ 
sciatic  nerve,  A,  of  such  a  preparation  be  placed  upon  another  muscle,  f*»  **  IJ 
Fig.  363,  then  every  time  the  latter,  B,  contracts,  the  frog's  muscle,  A.  connect" 
with  the  nerve  also  contracts. 

If  the  nerve  of  a  frog's  nerve-muscle  preparation  be  placed  on  a  contracting 
mammalian  heart,  then  a  contraction  of  the  muscle  occurs  with  every  beat  of  the 
heart  {Afatteucci,  1S42).  The  diaphragm,  even  after  section  of  the  phrenic  ncnf, 
especially  the  left,  also  contracts  during  the  heart  beat  (Schiff).  This  i»thc 
** secondary  contraction"  of  Galvani. 
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lecondary  Tetanus. — Similarly,  if  a  nerve  of  a  nerve-muscle  preparation  be 
placed  on  a  muscle  which  is  tetanized,  then  the  former  also  contracts,  showing 
*' secondary  tctaiwis"  (Du  BoiS'/^^ym^fti/).  The  latter  experiment  is  regarded 
as  a  proof  that,  during  the  process  of  negative  variation  in  the  muscle,  many 
successive  variations  of  the  current  must  take  place,  as  only  rapid  variations  of 
this  kind  can  produce  tetanus  by  acting  on  a  nerve — ioniinutms  variations  being 
unable  to  do  so. 

Usually  there  is  no  secondary  tetanus  in  s  frog's  nerve  muscle  preparation  when  it  is  laid  upon  a 
muscle  which  is  tefanized  voluntarily,  or  by  chemical  sticnuli,  or  by  polsoiiinK  with  strychnin  {Her. 
tng  anJ  Friedreich,  Kiihne) ;  Biill,  Lov£n  has  observed  secondary  strj-chnin  tetanus  composed  of 
MX  10  nine  shocks  per  second.  Observations  with  a  sensitive  ^Ivanometer,  or  Liupmann's  capil- 
lary electrometer  i  Fig.  362J,  show  that  the  spasms  of  strychnin  p<>i$oning,  as  well  as  a  voluntary 
contraction,  are  disconliuuous  pruc<:sses  [Lov^n,  p.  521), 

[Nerve-muscle  Preparation. — This  term  has  been  used  on  several  occasions. 
15  simply  the  sciatic  nerve  with  the  gastrocnemius  of  the  frog  attached  to  it 
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Dcfpttcin't  diffcrcntiiil  rhcoiomc:  N  «,  nerve  :  J.inJuctioo  machine:  G,  Kalnnometer;  ^,  j",  <Lefl«ciion 
.-  .  £.  ttiittery  aiiJ  primary  circuit  with  C  for  opening  it  at  ^;  c,  for  dosing  gKlranomcterciicuit :  a,  m, 
to  in  galvanometer circLJii :  S,  motor. 


fFig.  364).  The  sciatic  nerve  is  dissected  out  entire  from  the  vertebral  column 
to  the  knee ;  the  muscles  of  the  thigh  se[>arated  from  the  femur,  and  the  latter 
divided  about  its  middle,  so  that  the  preparation  can  be  fixed  in  a  clamp  by  the 
remaining  portion  of  the  femur  ;  while  the  tendon  of  the  gastrocnemius  is  divided 
near  to  the  foot.  If  a  straw  flag  is  to  be  attached  to  the  foot,  do  not  divide  the 
tendo  Achilles.] 

5.  Negative  Variation  in  Nerve. — ^Ifa  nerve  be  placed  with  its  transverse 
section  on  one  non-polanzable  electrode,  and  its  longitudinal  surface  on  the  other, 
and  if  it  be  stimulated  electrically,  chemically  or  mechanically,  the  nerve  current 
is  also  diminished  (Du  Bois-Reymond).  This  negative  variation  can  be  prop- 
agated toward  hoik  ends  of  a  nerve,  and  Is  comjjosed  of  very  rapid,  successive, 
periodic  interruptions  of  the  original  current,  just  as  in  a  contracted  muscle  {Btm- 
stein) ;  while  Hering  succeeded  in  oDtaining  from  a  nerve,  as  from  a  muscle,  a 
secondary  contraction  or  secondary  tetanus.  The  amount  of  the  negative  varia- 
tion dejjcnds  upon  the  extent  of  the  primary  deflection,  also  upon  the  degree  of 
38 
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nervous  excitability,  and  on  the  strength  of  the  stimulus  employed.  ThencgitWr 
variation  occurs  on  stimulating  with  tetanic  as  well  as  with  single  shocks.  Tbe 
negative  variation  is  not  observed  in  completely  uninjured  nerves. 

Ilcring  found  that  the  ne^^alivc  variation  of  the  nerve  current  canaed  by  Ictantc  ttttBvtjitioi  u 
followed  by  a  f>oiithe  variation,  which  occurs  innned lately  after  the  former,  li  incmm  la  x 
cenain  degree  ^viih  the  duration  of  the  stimulation,  2a  well  as  with  the  stiengih  of  Lbe  ttimhu 
{Effect  of  EUrtrotnnus,  \  335,  I). 

Negative  Variation  of  the  Spinal  Cord, — This  is  the  same  as  in  nerves  generally.  If  aw^ 
rent  be  conducted  from  the  transverse  and  longitudinal  surfaces  of  the  upper  port  of  the  ■mtifti 
oblongata,  we  observe  spontanettm  intermittent  nti^iUn't  varinfivnty  perhaps  due  lu  the  ieMrariBM 
excitement  of  the  nerve  centres,  more  es^Kcially  of  the  respiratory  centre.  Snndar  varultow  in 
obtained  rellexly  by  single  uiinuli  applied  to  the  sciatic  nerve,  while  strong  ttimulatioo  by  coubgh 
salt  or  induction  shocks  inhibits  them. 

Velocity. — The  process  of  negative  variation  is  propagated  at  a  measureahle  velocity  ilonf  itw 
nerve,  most  rapidly  at  15°  to  25°  C.  {Sieiner).  and  at  the  ^ame  rale  as  the  velocity  of  the  Dnwo 
impulse  itself,  about  27  to  28  metres  per  second.  The  duration  of  a  single  variaiion  (of  wUcktbc 
process  of  negative  variation  is  composed]  is  only  o.cxx>j  10  0.0008  second,  while  the  wave  kifth 
in  the  nerve  is  calculated  by  Bemstetn  al  18  mm. 

Differential  Rheotome. — j.  Bernstein  estimated  the  velocity  of  the  Degatire  varittion  tt  « 
nerve  by  means  of  a  ditfcrcotial  rhcolomc  (Fig.  365)  thus:  A  long  suetch  of  a  nerve  (Nb)  ii « 
arranged  tbsl  at  one  end  of  it  (N)  its  transvcr>e  and  longitudinal  surfaces  arc  cunnccieJ  «nIi  t 
galvanometer  ((i),  while  at  ihc  otAtr  end  (n)  arc  placed  the  electrodes  of  an  induction  onchisc 
(J).  A  disk  (B),  rapidly  rotating  on  its  venical  axis  (A|,  has  an  arrangement  ^C*  at  one  poiri  «f 
its  circumference,  by  means  of  which  the  current  of  the  primary  circuit  (E)  i*  rapidly  opcactl  wd 
clo»ed  during  each  revolution.  This  causes,  with  each  rotation  of  the  disk,  an  opcotng  siul  1 
closing  shock  to  be  applied  to  the  end  of  the  nerve.  At  the  diametrically  opposite  pan  of  tbt  or 
cumference  is  an  ftrrangement  (r)  by  which  the  galvanometer  circuit  is  clcksed  and  opcneil  tlunif 
each  revolution.  Thus,  the  stimulation  and  the  closing  of  the  galvanometer  circuit  occur  itik 
same  moment.  On  rapidly  rotating  the  disk,  the  galvanometer  indicates  a  strong  nerve  cunot. 
ao  excursion  of  the  magnetic  needle  to  y.  Al  the  moment  of  stimulation  the  negaiive  vstuiuB 
has  not  yet  reached  the  other  end  of  the  nerve.  If,  however,  the  anangenient  which  cIcmb  Ik 
galvanometer  circuit  be  so  displaced  (to  0)  along  Ihc  circumfctcnce  that  the  gAlvonometcr  circoit  a 
closed  somewhat  inter  than  the  ner^e  i!>  stimulated,  then  the  current  is  weakened  \yf  tbe  n«g*n*> 
variation  (the  needle  jm&sing  liackward  to  s).  When  we  know  the  velocity  of  rotatioa  ofihcdtek. 
it  is  cosy  lo  calculate  the  ntte  at  which  tlie  impulse  causing  the  negative  variation  paawi  alosi* 
given  distance  of  nerve  from  \  to  n. 

1'he  negative  variation  is  altsent  in  degenerated  nerves  as  soon  as  they  lose  their  excitsUlil^. 

Eye  Currents.— If  a  freshly  excised  eyeball  be  placed  00  the  non-polarluble  elecncda  «* 
necied  with  a  galvanometer,  and  if  tight  fall  upon  the  eye,  then  the  normal  eye  cuneei  inm  tfct 
cornea  (  4-  )  to  the  transverse  section  of  the  optic  nerve  (  —  )  is  at  first  increased,  Vclkiw  Uglt  ** 
most  powcrfol,  ond  less  10  the  other  colors  {Ifelmgren,  M' A'emirui  ami Dtwar).  The  inner  wjfcc 
of  the  panive  retina  is  positive  to  the  jK^stenor.  When  the  retina  is  illnminaied  there  b  a  div^ 
variation,  a  negative  variation  with  a  preliminary  positive  increase;  while,  when  the  ligbl  MSB* 
there  is  a  simple  positive  variation.  Kelln;e  in  which  the  visual  purple  boa  disappeared,  o«iag  B 
the  acnon  of  light,  show  no  variations  ( Kukne  and  Stiiner). 

333.  ELECTROTONIC  CURRENTS  IN  NERVE  AND  MUS- 
CLK. —  I.  Positive  Phase  of  Electrotonus. — If  a  nerve  be  so  arranged  upon 
the  clertrudcs  (Fig.  366,  i)  that  its  transverse  section  lies  on  one,  and  its  toat^' 
tudinal  on  the  other,  electrode,  then  the  galvanometer  indicates  a  strong  current. 
If  now  a  constant  current  be  transmuted  through  the  end  of  the  ticrve  ixo* 
jecting  beyond  the  electrodes  (the  so-called  '•^ poiarizin^^'  end  of  the  nerve),  itiii 
if  the  direction  of  this  current  coincuies  with  that  in  the  nerve,  then  the  roagftctic 
needle  gives  a  greater  deflct  tion,  indicating  an  increase  f:i{\\\t.  nerve  current — "the 
positive  phase  of  electrotonus,"  The  increase  is  grcatcrihe  longer  the  stretch 
uf  nerve  traversed  by  the  curreni,  the  stronger  the  galvanic  current,  and  the  1» 
the  distance  between  the  part  of  the  nerve  traversed  by  the  constant  curreni  *od 
that  on  the  electrcKles. 

2.  Negative  Phase  of  Electrotonus. — If  in  the  same  length  of  nerte  the 
constant  current  passes  in  the  opposite  direction  to  the  nerve  currmt  (Fij:. 
366,  II),  there  is  a  diminution  of  the  electro-motive  force  of  the  Utter— 
"  negative  phase  of  electrotonus." 
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Equator. — ii  two  poinis  oi  the  nervi 
distant  Irom  the  equator  be  placed  on  the  electrodes 
(111),  there  is  no  deflection  of  the  galvanometer 
Deedie  (p.  590,  4).  If  a  constant  current  be 
passed  through  one  free  projecting  end  of  the 
nerve,  then  the  galvanometer  indicates  an  electro- 
motive effect  in  the  same  direction  as  the  constant 
current. 

Electrotonus. — These  exi>eriments  show  that 
a  constant  current  causes  a  change  of  the  electro- 
motive force  of  the  part  of  the  nerve  directly 
traversed  by  the  constant  current,  and  also  in  the 
part  of  the  nerve  outside  the  electrodes.  This 
condition  is  called  electrotonus  i^Du  BoisReymond^ 

The  elccirotonic  current  is  strongest  not  far  from  the  clec- 
trode&,  and  it  may  l>e  twenty-five  limes  as  strong  as  the  nerve 
current  of  rest  {\  331,  5> ;  it  is  greater  on  the  am-xle  than  on 
the  cathode  side;  it  undergoes  a  negative  vnnniion  like  the 
resting  nerve  current  during  tetanus;  it  occurs  ai  once  on 
cloAine  the  constant  current,  although  it  diminishes  unintcr- 
rupletUy  ai  the  cathotie  (/>w  Bois-fteymorui).  These  phe* 
nomefUL  lake  place  only  ss  long  a.s  the  nerve  ii  excitable. 

If  the  nerve  be  ligatured  in  the  projecting  part  in  the  galvanometer  circuit,  the  phenomena  cease 
ID  the  ligatured  part.  The  negative  variation  (|  332)  occurs  matt  rapidly  than  the  elccirotonic 
increase  of  the  current,  so  that  the  former  is  over  before  ihe  electro-motive  increase  occurs.  The 
velocity  of  the  clcctroionic  change  in  the  current  is  less  than  the  rapidity  of  propagation  of  the 
excitement  in  the  ncrvci — being  only  S  to  10  metres  per  second  (  Tsckirjew^  Bernstein). 

•'  The  secondary  contraction  from  a  nerve"  depends  upon  the  elecirotonic  state.  If  the 
sciatic  nerve  uf  a  frog's  ncrvc-muscle  preparation  be  placed  on  an  excised  nerve,  and  if  a  constant 
current  l>c  passed  through  the  free  end  of  the  latter — nonelectrical  stimuli  being  inactive— the 
muscles  contract.  Thiii  occurs  becauM  the  electroioni/ing  current  in  the  excised  nerve  stimulates 
the  nerve  lying  on  it.  By  rapidly  cloMng  arid  opening  the  current,  we  obtain  *'■  sttondnry  tetanus 
from  a  neri'i'*  (p.  593). 

Paradoxical  Contraction.— Exactly  the  same  occurs  when  the  cunent  is  applied  to  one  of  the 
two  branches  into  which  the  sciatic  nerve  (cut  through  above)  of  the  frog  divides,  i.e.,  the  muscles 
attached  tn  Urth  branches  of  the  nerve  contract. 

Polarizing  After-Currents. — WJicn  the  consiant  current  is  opened,  there  are  after-currents 
dcpenHrling  uptn  internal  polarization  (jj  32S).  In  /k'/m;'' nerves,  muscle  and  cledricat  organs  this 
internal  polarization  current,  wlien  a  strung  primary  current  of  very  short  duration  is  used,  i&  always 
fosi/ti'e,  i.e.,  has  the  same  direction  as  the  primary  current.  Prolonged  duration  of  the  primary 
current  ultimately  causes  negative  polarization.  Between  these  two  is  a  ttagc  when  there  is  no 
polarization.  Positive  polarization  t»  especially  strong  in  nerves  when  the  primary-  current  has  the 
direciion  of  the  impulse  in  the  nerve  ;  in  muscle,  when  the  primary  current  U  directed  from  Ihe 
point  of  entrance  of  the  nerve  into  the  niubclc  toward  the  end  of  the  mu»cle  ({  334,  llj. 

4.  Muscle  Current  during  Electrotonus. — The  constant  current  also  pro- 
duces an  electrotonic  condition  in  muscle  ;  a  constant  current  in  the  same 
direction  increases  the  muscle  current,  while  one  in  an  opposite  direction  weakens 
it,  but  the  action  is  relatively  feeble. 

334.  THEORIES  OF  MUSCLE  AND  NERVE  CURRENTS.— 

I.  Molecular  Theory. — To  explain  the  currents  in  muscle  and  nerve,  Du  Bois- 
Reymond  proposes  the  so-called  molecular  theory.  According  to  this  theory,  a 
nerve  or  muscle  fibre  is  composed  of  a  series  of  small  electro-motive  molecules 
arranged  one  behind  the  other,  and  surrounded  by  a  conducting  indifferent  fluid. 
The  molecules  are  supposed  to  have  a  positive  equatorial  zone  directed  toward  the 
surface,  and  two  negative  polar  surfaces  directed  toward  the  transverse  section. 
Flvery  fresh  transverse  section  exposes  new  negative  surfaces,  and  every  artificial 
longitudinal  section  new  positive  areas. 

This  scheme  explains  the  strong  currents— when  the  -p  longitudinal  surface  is  connected  with 
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the  —  tnnsvtrse  surface,  a  current  is  obtained  from  the  former  to  tlie  latlcr — hut  i\  i 

the /fi't/e  ciirrenis.     To  explain  their  occurrence,  wc  mnst  assume  that,  nn  the  one  hand,  ihc  cleur-*' 

motive  force  of  the  molecules  is   weakened   with  varying  rapidity  at  unet^ual  didiance*  from  th! 

equator ;  on  the  other,  at  unequal  distances  from  the  transverse  sccti'  ii.     Then,  of  connc.  di 

of  electrical  tension  obtain  between  the  stronger  and  the  feebler  molecules. 

Parelectronomy.—  Bui  the  natural  transverse  section  of  a  mu&cle,  r>.,  the  end  of  the  (endoa, 
not  negative,  but  more  or  less  positive  electrically.     To  explain  (his  condition,  Da   ItoisRe; 
assumes  thni  on  the  end  of  the  tendon  there  is  a  layer  of  electropositive  mu»clc  subaunce. 
supposes  thai  each  of  the  peripolar  elements  of  muscle  consists  nf  two  bipolar  elements,  and  that 
layer  of  this  half  element  lies  at  the  end  of  the  tendon,  so  that  its  jxisitivc  side  is  turned  le 
the  free  surface  of  the  tendon.    This  layer  he  calls  the  "  parelectronomic  layer."  It  i«  never 
plelely  absent.     Sometimes  it  is  so  marked  as  to  make  the  end  of  the  tendon   -•-  in  relation 
surface.     t.'a  uteri  ration  destroys  it. 

The  negative  variation  is  explained  by  supposing  that,  during  the  action  of  a  muicle  and 
the  electro-motive  force  of  all  the  niolccalex  b  diminished.     During  partial  contraction  of  *  rooacX^ 
the  contracted  {>art  assumes  more  the  characters  of  an  indifferent  conductor,  which  now  b«OQO«a 
connected  with  the  negative  zone  of  the  passive  contents  of  the  muKular  fibre*. 

The  electrotonic  currents  beyond  the  clcctrudcs  in  nerves  niuM  be  explained.  To  explnia  thr 
electrolonic  condition  It  is  assumed  that  the  bipolar  molecules  are  ca^Mible  of  rotation.  The  poUf 
izing  current  acts  upon  the  direction  of  the  molecules,  so  that  they  turn  their  negative  smficci 
touard  the  anode,  and  their  (w^itive  nurface^  to  the  cathode,  whercliy  the  molecules  of  the  loirs- 
potar  region  have  the  arrangement  of  a  Volta's  pile.  In  the  part  of  the  nerve  oaiside  the  cIrC' 
trodes,  the  further  removed  it  ii  the  less  precisely  arc  the  molecules  arranged.  Hence,  the  swiag 
of  the  needle  is  Ies>  ihe  funhcr  the  exirapolar  portion  is  from  the  electrodes. 

II.  Difference  Theory. — The  difference  theory  was  proposed  by  L.  Her- 
mann, and,  according  to  him,  the  four  following  considerations  are  sufficient  to 
explain  the  occurrence  of  the  galvanic  phenomena  in  living  tissues:  (i)  Proto- 
plasm, by  undergoing  partial  deafh  in  its  continuity,  whether  by  injury  or  by 
(homy  or  mucous)  metamorphosis,  becomes  negative  toward  the  uninjured  part 
(2)  Protoplasm,  by  be^ng  partially  excited  m  its  continuity,  becomes  negative  CO 
the  uninjured  pari.  (3)  Protoplasm,  when  partially  healed  in  its  continuity,  br- 
comes  positive,  atid  by  cooling  negative,  to  the  unchanged  part.  (4)  Protoplasm 
is  strongly /f^/arrsu/z/t*  on  its  surface  (muscle,  nerve),  the  polarization  constants 
diminishing  with  excitement  and  in  the  process  of  dying. 

Streamless  Fresh  Muscles. — It  seems  that  passive,  uninjured,  and  abso- 
lutely fresh  muscles  are  completely  devoid  of  a  current,  e.^.^  the  heart  (^£%tl' 
manfi)t  also  the  musculature  of  fishes  while  still  covered  by  the  slcin. 

As  the  skin  of  the  frog  has  currenu  peculiar  to  itself,  it  is  possible  with  cettAin  precaudons,  after 
destroying  the  skin  with  alkalies,  to  show  the  streamless  character  of  frugs'  muscles.  1^  Hermaan 
also  6nd$  that  the  muscle  current  is  always  develoj>cd  after  a  time,  which  is  very  short,  when  a  nc* 
Iran^iversc  section  is  made. 

Demarcation  Current. — Every  injury  of  a  muscle  or  nerve  causes  ai  the  point  of  injury  (iS^ 
marcatioH  surface)  a  dying  mlistance  which  behaves  n^atively  to  the  poaitivc  intact  vobBtaiice. 
The  current  thus  produced  is  called  by  Hermann  the  "  dtmar.-atien  currtnt."  If  iodividnal  pafti 
of  a  muscle  be  moistened  with  potash  sails  or  muscle  juice  they  become  negatively  dectrksl;  if 
these  feubdances  t>e  removed,  these  |>ans  cease  to  be  negative  {Htfdermantt). 

It  appears  tliat  all  living  protoplasmic  substance  has  a  special  property,  whereby  injury  of  a  ptft 
of  it  makes  it,  when  dying,  negative,  while  the  intact  parts  remain  positively  electric*!.     Thai 
alt  transverse  sections  of  living  jKins  of  plants  are  negative  to  their  surface  \,iiuff )%  and  tbc 
occurs  in  animal  parts,  /.  g  ,  glands  and  bones.     Engclniann  made  the  remarkable  ofaacfraKioa 
the  hean  and  smooth  muscle  again  lose  the  negative  condition  of  their  transverse  section,  w 
muscle  cells  arc  completely  dead,  as  far  as  the  cement  substance  of  the  nearest  cells;  in  nerves. 
when  the  di\-ided  portion  dies,  as  far  as  the  hrsi   node  of  Ranvicr.     When  all  the»e  orgaiu 
again  completely  streamless,  then  the  absolutely  dead  substance  trehaves  es»enrially  as  an  mdidcnnt 
moist  conductor.     Muscles  divided  sut>cntancously  and  hc&Icd  do  not  exhibit  a  ncgalt%-c 
the  surface  of  their  section. 

All  these  considerations  go  to  show  that  the  pre-existence  of  a  current  in  living 
uninjured  tissues  is  very  doubtful,  and,  perhaps,  can  no  longer  be  maiolaioed. 

Theoretical. — (.jrllnhagen  and  L.  Hermann  explain  the  clectroConic  currents  as  being  doc  10 
internal  polarization  in  the  nerve  fibres  between  the  conducting  nucleus  of  the  nerve  and  the  o* 
closing  sheaths.  Maiteucci  found  that  when  a  wire  is  surrounded  with  a  moist  conductor,  and  tbc 
covering  placed  in  connection  with  the  electrodes  of  a  constant  current,  currcnis  siBilar  lo  iIm 


:al.  lltai 
i  tbc  aaa^ 
raskotf^H 
,  wbes^^H 
in  nerves,  V 
>rgBiu  art  H 
mdidcnnt  ■ 
rcaciioaof      H 


VAklATIONS  OF   THE    EXCITABILIT\'    DURING    ELEC1*R0T0NUS.     597 

dectrolonic  cmrents  in  nerves.  anJ  due  to  polari/Aiion.  .ire  devetnped.  If  either  the  vrire  nr  the 
moist  coTcriiig  be  mierrujjicil  at  any  part,  iheii  ihc  polari?ation  currcfit  does  not  extend  beyond  the 
rapture.  The  [wlariitalion  developed  on  the  surface  of  the  wire  causes  the  conducted  current  to 
extend  beyond  the  electrodes.  Mu!>cles  and  nervex  consiM  of  BbreK  !>urTnunded  by  indifferent  con- 
ductors. As  soon  as  a  constant  current  is  closed,  on  their  surface,  internal  pularizuiion  is  developed, 
which  produces  the  eleclroionic  variation  ;  it  disappeura  again  on  opening  or  breaking  the  current. 
Polarization  is  delected  by  the  fact  that  in  a  living  nerve  the  galvanic  rcsista.nce  to  conduction  acro>s 
a  tibre  is  about  five  ttines.  and  in  muscles  al>out  seven  times  greater  than  in  the  longitudinal 
direaion. 

Action  Currents  — The  term  "action  current"  is  a|^ilicdby  I..  Hermann  to  (he  ccrrenis  obtained 
during  (he  activity  of  a  muscle.  When  a  single  stimulation  wave  (contraaion)  passes  aton^ 
muscular  fibres,  which  are  conneaed  at  two  points  with  a  galvanometer,  then  that  i>oint  through 
which  the  wave  is  just  passing  is  negative  to  the  other.  Occasionally,  in  excised  muscles,  local 
contractions  occur,  and  these  points  are  negative  to  the  fthcr  pa-sive  parts  of  the  muscle  (fiifi/er- 
niamn).  In  order,  therefore,  to  explain  the  currents  obtained  frum  a  frog's  leg  during  tetanus,  we 
must  assume  that  the  end  of  the  fibre  which  is  negative  patlici  atcs  le^s  in  the  excitement  than  the 
middle  of  (he  fibre.     Hut  this  is  the  case  only  in  dying  or  fatigued  muscles  (p.  591,  2). 

According  to  ^j  336,  D,  the  direct  apjilication  of  a  constant  current  to  a  muscle  causes  contraciiun 
first  at  the  cathode,  when  the  current  is  eK>sed,  and  when  il  is  o|>cned,  at  the  anode.  This  is  ex- 
plained by  afsuming  that,  during  ihc  closing  contraction,  the  muscle  is  negative  nt  the  cathode, 
while  with  the  n|>ening  contraction  the  negative  condition  is  at  the  anode. 

If  a  muacle  be  thrown  into  contraaion  by  stimulating  its  nerve,  then  the  wave  of  excitement 
travels  from  the  entrance  of  the  nerve  to  both  ends  of  the  muscle,  which  also  behave  negatively 
to  the  passive  parts  of  the  muscle.  Acconling  to  the  point  at  which  the  nerve  enters  the  muscle, 
the  ascending  or  descending  wave  of  excitement  will  reach  the  end  (origin  or  insertion)  of  the 
muscle  sooner  than  the  other.  t)n  placing  such  a  muscle  in  the  galvanometer  circuit,  then  at  first 
that  end  of  the  muscle  will  be  neg.-itive  which  hcs  neiirest  to  the  point  of  entrance  of  the  nerve 
(t.^.,  the  upper  end  of  the  gastrocnemius),  and  afterward  the  lower  end.  Thus  there  appears  rap- 
idly after  each  oilier,  at  fir.«,:  a  tlcscrn<ling  and  then  an  ascending  current  in  the  galvanometer  circuit 
(of  course,  revcrseii  wiihin  the  muscle  itself)  (A"ii'-  Meyer)  (g  332,4). 

The  same  occurs  in  the  muscles  of  the  human  forearm.  When  these  were  caused  to  contract 
through  their  nerves^  at  first  the  point  of  entrance  of  the  nen  e  ( to  cm,  above  the  eUxjw  joint)  was 
negative,  and  then  followed  the  ends  of  the  muscles  when  the  contraction  wave,  with  a  velocity  of 
10  to  13  metres  per  second,  reached  them  {L.  Hermann)  ({  399,  r). 

If  a  completely  uninjured,  sireamlcss  muscle  be  made  to  contract  Srtctly  and  in  toto.  then 
oeithcr  during  a  single  coptraction  nor  in  tetanus  is  there  a  current,  because  the  whole  uf  the  muscle 
passes  at  the  same  momfnt  into  a  Condition  of  conlraciion. 

Nerve  Currents. — Hermann  also  supposes  that  the  cuntenls  of  dying  or  active  nerves  behave 
negatively  to  the  passive  normal  portion^. 

[mbibilion  Currents — When  water  flows  through  capillar)*  spaces,  Ibis  Is  accompanied  by  arv 
electrical  movement  in  the  same  dirrciion  ( Qutntke^  ZoUner).  Similarly,  the  forward  movement  of 
water  in  the  capiParj*  interspaces  of  non-living  parts  fporcs  of  a  jxircckin  platej  is  also  connected 
with  electrical  movcmcnis,  which  have  the  same  direction  as  the  currctitof  water.  The  sauicclTect 
occurs  in  the  movcnirnt  of  water,  which  results  in  that  condition  known  as  imhibition  of  a  body. 
We  must  remember  that  at  the  demarcation  surface  of  an  injured  nerve  or  muscle  imbibition  takes 
place;  that  also  at  the  conlrnclcd  pans  of  a  muscle  imbi)>itioo  of  fluid  occurs  (g  227,  II) ;  and 
that  during  secretion  there  is  a  movement  of  the  fluid  particles. 

In  Plants,  electrical  phenomena  have  been  observed  during  the  panivt  bending  of  vegetable 
parts  (leaver  or  stalks],  as  well  as  during  the  mtive  movements  which  arc  associated  with  the  bend- 
ing of  cerliin  parts,  e.g..  as  in  the  mimosa  and  dionara  |p.  317I  {Burdon  Sanderson).  These  phe- 
nome<)a  are  perhaps  explicable  by  the  movement  of  water  which  must  take  place  in  the  initrior  of 
ihe  veKCtablc  p.irts  (.7.  G.  A'untel).  The  root  cap  of  a  sprouting  plant  is  negative  lo  llie  seed 
cnvenngs  {/hrmann\\  the  cniylednns  posiiiie  to  the  other  parts  of  (he  seedling  {MiilUrlfcU- 
Hngen),     In  the  incubated  hen's  egg  the  embryo  is  -(-  ,  the  yelk  —  (Hermann  mid  v.  Omdre). 
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ELECTRONIC  ALTERATION  OF  THE  EXCITABIL- 
-Cause  of  Electrotonus. — if  a  certain  stretch  of  a  living  nerve  be  trav- 
ersed by  a  constant  eleclricjl  1  *' po/arizing*^)  current,' it  passes  into  a  condition 
of  altered  excitability  {RitUr^  iSoSy  and  others),  which  Dti  Rois-Reymond 
called  the  eleclroionic  condition,  or  s\m\Ay  ^/ectmfonus.  This  condition  of  altered 
excitability  extends  not  only  over  the  part  actually  traversed  by  the  current,  infra- 
jM/ar  portion,  but  it  is  commnnicaterl  to  the  entire  nerve.  Pflilger  (1859)  dis- 
covered the  following  laws  of  electrotonus  : — 

At  the  positive  pole  an,hi^  (I'ig-  367,  ^^)  the  excitability  is  diminished — this  is 
the  region  of  anelectrotonus  ;  at  the  negative  pole  {cathode — K)  it  is  increased 
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— this  is  the  region  of  cathelectrotonus.  The  changes  or  excitability  uc  mnt 
marked  in  the  region  of  the  poles  themselves. 

Indifferent  Point. — In  the  intrapolar  region  a  [Hjint  must  exist  where  the 
anelcctrotunic  and  cathelectrotonic  regions  meet,  where  therefore  the  cxcitalnlity 
is  unchanged  ;  this  is  called  the  indifferent  or  neutral  point.  This  jHnni  lies 
nearer  the  anode  (/)  with  a  weak  current,  hut  with  a  strong  i  urrcnt  nearer  ibc 
cathode  (t\^) ;  hence,  in  the  first  case,  almost  the  whole  intraiKjIar  portion  is  niOTt 
excitable  ;  in  the  latter,  less  excitable.  [Expressed  otherwise,  a  weak  current  in- 
creases the  area  over  which  the  negative  pole  prevails,  while  the  reverse  is  the  caie 
with  a  strong  current.]  Very  strong  currents  greatly  diminish  the  conductiviljr 
at  the  anode,  and  indeed  may  make  the  nerve  completely  incapable  of  conductioo 
at  this  part. 

Extrapolar  Region. — The  ex(ra|K)lar  area,  or  that  lying  outside  the  electrodes, 
is  greater  the  stronger  the  current.  Further,  with  the  weakest  currents,  the  cxln- 
polar  anelectrotonic  area  is  greater  than  the  extrapolar  cathelectrotonic.  With 
strong  currents  this  relation  Ls  reversed. 

Fig.  367  shows  the  excitability  of  a  nerve  (.V,  m)  traversed  l>y  a  cnnctant  current  in  ihe  direoiM 
of  the  arrow.  The  curve  shows  the  degree  of  increased  excitability  in  the  neight>orbood  «f  tit 
cathode  (A^  as  on  elevation  above  the  ner^'c,  diminution  at  the  anode  [A)  a»  a  dcpfeasion.    T>c 

Etc.  367. 
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Scheme  of  the  dcctrotonic  cacitabUlly. 


curve  m,  0,  i,^,  /,  r,  shows  the  degree  of  excilabitity  with  a  strong  currrot ;  t^/,  $',,  i,  i,  with  i 
mediam  carrent ;  lastly,  a,  ^,  r,  c,  t/,  with  a  weak  cuirenl. 

The  clcctrolonic  effect  increases  with  the  length  of  the  nerrc  traverwd  by  the  correDl.  T)k 
changes  of  the  excilahility  in  rlectrotonuE  occur  instantly  when  the  circuit  it  ctoM-d,  while  inclic- 
irotonus  develops  and  extends  more  slowly.  Cold  diminisbes  eleclrotonus  {//frmann  icW  *■ 
Gntt/re). 

When  the  polarizing  current  is  oi>ened,  at  first  there  is  a  reversal  of  the  rell* 
tions  of  the  excitability,  and  then  there  follows  a  transition  to  the  normaj  condi* 
tion  of  excitability  of  the  |Kissive  nerve  {P/fuger).  At  the  very  first  moment  of 
closing,  Wundt  observed  that  the  excitability  of  the  whole  nerve  was  increaieii 

I.  Proof  of  Electrotonus  in  Motor  Nerves. — To  test  the  laws  of  elecirocnous,  uke  a  fttf'i 
nerve-muscle  prqiaration  (Fir.  J64).  A  constant  current  (p.  577J  is  applied  to  a  hmttctf  nft of 
the  nerve  by  means  of  non-pulanfalilc  clccttudcs  A  stimulus,  clectiicsl.  cttrmical  1  jaluratra  tah- 
tion  of  common  salt),  or  mechanical  is  apfdicd  either  in  the  region  of  the  anode  or  car^odf;  »^ 
we  observe  whether  the  contraction  which  results  is  greater  when  the  poUrixiOf  curreol  b  opratti 
or  clDScr?.      Wt*  will  consider  the  followlni;  cascK  (Fig.  36S): — 

ta  ;<Ur  unelectrotonus,  r.  r.,  with  a  descending  current  w*  h»v»  lo  *•* 

lh»*  >■  'Ur  rrpiuii  .It  ihr  nn™tr       If  the  stimulus  (cttnunon  ultl  ijijilied  »*  f^, 

I  ■  \ratcly  stnpO(;  cunt'  ilirltmUi^ 

II  ooMiinni  cuneni  ■'*""*^*} 

I.  I  .i.'i,^( iuceU  by  the  sail  aj;-i.. -^LWi  Mi  Uied'ip''" 
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Fig.  368. 


I  Descending  cxtrapolar  cathelectrotonus  (AJ.  The  stimulus  (salt)  is  at  R,  and  the  con- 
tractions thereby  produced  are  at  once  inereaied  after  closing  the  polarizing  current.  On  opening 
il  they  are  again  weakened. 

(CI  Ascending  extrapolar  anelectrotonus  (R).  The  salt  lies  at  r.  In  this  case  we  must 
distinguikh  the  jfrent^/A  ni  the  pulari/in^j  current:  (i)  When  ihe  current  is  r/zry  i/vu^.  which  can 
\t:  obtaiDed  with  the  ai"i  «f  the  rheocnrd  (Fig.  344I.  on  closing  the 
polarizing  current,  there  is  an  itii:rean  of  the  contraction  produced  by 
the  salt.  (2}  If.  however,  the  current  is  stroH^t:r,  the  contractions 
become  either  smaller  nr  cease.  This  is  due  to  the  fact  that  with 
strong  currents  the  conductivily  of  the  anode  is  diminishcil  or  even 
abolished  (p.  597).  Although  the  sail  acts  on  the  excitable  nerve, 
there  is  no  coniracrion  of  the  muscle,  as  the  conduction  of  an  impulse 
is  nrevenicd  by  the  resistance  in  the  nerve. 

The  law  of  electrotonus  may  also  he  demonstrated  on  a  completely 
isolated  nerve.  TT»c  end  of  the  nerve  is  properly  disposed  upon 
electrodes  couaected  with  a  galvaiiomelrr,  so  as  to  obtain  a  strong 
current.  If  the  nerve,  when  the  eonyant  curreni  is  closed,  is  siima- 
lated  in  the  anelectrotonic  area,  ^.  r-,  by  an  induction  shock,  then  the 
m^gaiive  z'ariatitm  is  iveaker  than  when  the  polarizing  circuit  was 
Open.  Conver>ely,  it  is  Hronger  when  it  is  Mimulaicd  in  the  cathelec- 
trotonic  area  {BfrnstHn).  The  currents  from  the  extrapolar  areas  of 
a  nerve  in  a  condition  of  electrotonus  exhibit  the  negative  variation 
when  the  nerve  'v>  stimulated. 

Proof  in  Man.— In  performing  this  experiment  it  is  imporUnt  to 
remember  the  distiibuiion  of  the  current  in  the  body.  If  liolh  elec- 
trodes, for  example,  be  placed  over  the  course  of  the  ulnar  nerve 
(Fig.  369),  the  currents  entering  the  nerve  at  the  anode  (-f-  a  a)  must 
diminish  the  excitability ;  only  above  and  below  the  anode  (at  r  t)  the 
positive  current  enier^^es  from  the  nerve  and  excites  cathelectrotonus 
at  these  points.  Similarly,  where  the  cathode  is  applied  ( —  c  c)  there 
i«  increased  excitability;  but  in  higher  and  lower  parts  of  the  nerve, 
wltere  (at  a  a)  Ihe  [wsilive  current  (coming  from  4-)  enters  the  nerve,  the  excitability  is  diminished 
(a-) electrotonus)  {%>.  Hilmhclii,  Ert>).  If  wc  desire  to  stimulate  in  the  neighborhood  of  an  elec- 
triMlc,  then  we  cannot  act  upon  that  part  of  the  nerve  whose  excilabtUty  is  influenced  by  the  electrode. 


C  JJ''. 


Method  of  (entins   the  excila- 

liililjr  ill  cleclrii[[)niis.  R,  r, 
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Scfaerac  oi  the  diilribulion  of  an  electrical  current  in  the  nerve  oa  g^lruiiring  the  uIdaf  nerv«. 


In  order,  therefore,  to  stimulate  directly  the  same  point  on  which  the  electrode  acts,  it  is  necessary 
to  apply  the  stimulus  at  the  ^ame  liuic  by  the  electrode  itself,  e.  g.,  either  incchanically  or  by  con- 
ductin};  ihe  siinuilaiing  current  throLii;h  the  polari^irifc;  circuit  ( lyii/Zer  and  de  IViUtrvitU). 

TI.  Proof  of  Electrotonus  in  Sensory  Nerves. —  Isolate  the  sciatic  nerve  of  a  decapitated 
frog.  When  this  nerx'e  is  stimulated  in  its  course  with  a  saturated  solution  of  common  salt,  r/flex 
movements  are  excited  in  the  other  leg,  the  spinal  cord  being  still  intact.  These  disappear  as  soon 
as  a  constant  current  is  applied  to  the  nerve,  provided  the  salt  lies  in  the  anelectrotonic  area  ( P/fiigtr, 
and  ZHrhetlf^  f/al/sten). 

111.  Proof  of  Electrotonus  in  Inhibitory  Nerves. ^To  show  this,  proceed  thus :  On  causing 
dyspticca  in  a  rabbit,  the  number  of  heart  beats  is  diminished,  owing  to  the  action  of  the  flyspnn^ic 
blood  on  the  cardio. inhibitory  centre  in  the  medulla  oblongata.  If,  after  dividing  the  vagus  on  one 
ride,  a  constant  descemUn(»  current  be  passed  through  the  other  intact  vagus,  the  number  of  pulse 
beats  is  again  increased  [descending  extrapolar  anelectrotonus).     If,  however,  the  current  through 
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the  nerve  be  an  ascending  one,  then  with  vMok  currents  the  nnmber  of  heut  beats  in 
more  (ascending  cxtrapolor  cathelectrolonuc),  Hence,  the  action  of  inhibitory  nerves  in 
is  ihc  opposite  of  thnl  in  motor  nerves. 

During  the  electrotonus  of  muscle,  the  excitability  of  the  intrapolar  portioo 
is  altered.     The  delay  in  the  conduction  is  confined  to  this  area  alone  {v.  Bt 
— compare  §337,  i. 

336.  ELECTROTONUS— LAW  OF  CONTRACTION.— Opening 
and  Closing  Shocks. — A  ner^'e  is  stimulated  both  at  the  moment  of  the  occu- 
rence and  that  of  disappearance  of  electrotonus  (/.  r.,  by  closing  and  opening  the 
current — UttUr):  (1)  When  the  cuirenl  is  closed,  the  stimulation  occurs  only 
at  the  cathode, ;.  <r.,  at  the  moment  when  the  electrotonus  takes  place,  (i) 
When  the  current  is  opened,  stimulation  occurs  only  at  the  anode,  /.  r.,  At  the 
moment  when  the  electrotonus  disappears.  (3)  The  stimulation  at  the  occurrcDce 
of  cathelectrotonus  is  stronger  than  at  the  disappearance  of  anelectroioun 
{PJiSger). 

Kilter's  Opening  Tetanus. — Thai  stiniulalion  occurs  only  at  (he  anode,  when  the  current  ii 
opened,  was  proved  by  l*flilgcr  by  means  of  "  Kilter's  opening  tetftniu."  KiUcr's  letannt  cowfat 
in  (his,  (hat  when  a  constint  current  is  parsed  for  a  long  time  through  a  lung  stretch  of  iM!inre,oa 
opening  (he  current,  tetanus  lasting  for  a  considerable  time  results.  If  the  current  was  a  dctceodiBC 
one,  then  this  tetanus  ceases  at  once  after  section  of  Ihc  intrapolar  area,  a  proof  that  tbc  leiaiHi 
resulted  from  the  now  separated  anode.  If  the  current  was  an  aKcnding  one,  section  of  the  ncne 
has  no  effect  on  the  tetanus. 

Pfliiger  and  v.  Bezotd  also  proved  that  the  closing  contraction  at  (he  cathode  preceda  thai  ■!  the 
anode.  Thus,  they  observed  that  with  a  descending  current  the  closing  contraction  in  the  mvictc 
at  (he  moment  of  closing  occurred  earlier  than  (he  uj>ening  contraction  al  the  moment  of  opentof; 
and.  conversely,  with  an  ssconding  current,  (he  closing  contrac(ion  occurred  later,  and  the 
contraclinn  sooner.  The  difference  in  time  corresponds  to  (he  time  required  for  ihe 
(he  impulse  in  (he  intrapolar  region  {\  337).  If  a  large  part  of  the  intrapolar  re^on  in 
nerve  be  rendered  ineacitable  by  applying  ammonia  tu  it,  then  only  (he  clectTDdc  nest  the  UM^ 
cle  stimulates,  i.  ^.,  always  on  cloaing  a  descending  current  and  on  opening  an  ascenciing  ant 

A.  The  law  of  contraction  is  valid  for  all  kinds  of  nerves. — I.  Thecontnc- 
tion  occurring'  at  the  closing  or  opening  of  a  constant  current  varies  with  (a)  the 
direction  {Pf<iff ),  and  (//)  the  strength  of  the  current  {H^idfnhain). 

(i)  Very  feeble  currents,  in  conformity  with  the  third  of  the  above  stale- 
tnents,  cause  only  a  closing  contraction,  both  with  an  ascending  and  a  destrend- 
ing  current.  The  disappearance  of  electrotonus  is  so  feeble  a  stimulus  as  not  to 
excite  the  nerve. 

(2)  Medium  currents  cause  opening  or  closing  contractions  both  with  u 
ascending  and  a  descending  current. 

(31  Very  strong  currents  cause  on\y  a.  dosing  contraction  with  a  ti&tcen/iing  vax- 
rent  ;  the  opening  shock  does  not  occur,  because,  with  very  strong  current*,  al- 
most the  whole  of  the  intrapolar  portion  of  the  electrotonic  nerve  is  incapabkof 
conducting  an  impulse  (p.  598).  Ascending  currents  cause  only  an  optning  (en- 
traction  for  tlie  same  reason.  VV^ith  a  certain  strength  of  current,  the  muscle  re- 
mains tetanic  while  the  current  is  closed  (**  closing  tetanus*^). 

[The  iaw  of  contraction  is  formulated  : — R  =  rest  ;  C  =  contraction.] 
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II.  In  a  dying  ner\*e,  losing  its  excitability,  according  to  the  Ritter-Valli  law 
(§  325,  7),  the  law  of  contraction  is  modified.  In  the  stage  of  increased  excita- 
bility a/i?tf^  currents  cause  only  closing  contractions  with  both  directions  of  the 
current.  In  the  following  stage,  when  the  excitability  begins  to  diminish,  weak 
currents  cause  opening  and  closing  contractions  with  hoth  currents.  Lastly,  when 
the  excitability  is  very  greatly  diminished,  the  descending  current  is  followed  only 
by  a  closing  contraction,  and  the  ascending  by  an  opening  contraction  (J^iitcr, 

III.  As  the  various  changes  in  excitability  occur  in  a  centrifugal  direction 
along  the  nerve,  wc  may  detect  the  various  stages  simultaneously  at  different  parts 
along  the  course  of  the  nerve.  According  to  Valentin,  Kick,  CI  Bernard,  and 
Schiff,  the  living  intact  nerve  shows  only  a  closing  contraction  with  both  direc- 
tions of  the  current,  and  opening  contractions  only  with  very  strong  currents. 

Pleischl's  Law  of  Contraction. — v.  Fleischl  and  Strieker  have  slated  a  (JifTcreni  law  in  re- 
spect to  the  fact  that  the  excitability  varies  at  certain  points  in  the  course  of  0  ner>-e.  lite  sciatic 
Dcrve  i»  (Iivi(le<l  into  three  areas :  (i)  Stretches  from  the  muscle  to  the  place  where  the  branches 
for  the  thigh  muscles  are  pven  ofT;  (2)  from  here  lo  the  intervertebral  eongUun  :  (3)  from  here 
into  the  npinal  cord.  Each  of  these  three  areos  cnnsists'of  two  p«rts  ("  upper  and  lower  pole"), 
whicb  adjoin  each  other  at  nn  ei^uator.  In  each  upper  pole  the  exciiahiliiy  of  ihe  nerve  is  greater 
for  descending  currents,  and  in  each  lower  p<'le  for  ascending  ones.  At  each  e<juator  the  excitabil- 
ity of  the  nerve  is  the  same  for  ascending  and  descending  currents.  The  dilfcrencc  in  the  activity, 
due  to  the  direction  of  the  current,  is  greater  for  each  stretch  of  nerve  the  greater  this  stretch  is  dis* 
tani  from  the  ci]uator.  The  excitability  is  le&s  at  those  poinls  of  the  nerve  where  the  ihtee  areas 
join  each  other. 

Eckhard  observed  that,  on  opening  an  ascending  medium  current  applied  to  the  hypoglossal  nerve 
of  a  rabbit,  one-half  of  ihe  tongue  exhibited  a  trembli*ig  movement  instead  of  a  contraction,  while 
on  closing  a  descending  current  the  same  result  occurred  (Jl  297,  3).  According  to  rflUgcr.  the 
molecules  of  the  passive  nerve  are  in  a  certain  state  of  medium  mobility.  In  cattielectrotonus  the 
mobility  of  the  molecules  is  increasc<i,  in  anelectrotonus,  diminished. 

B.  The  law  for  inhibitory  nerves  is  similar.  Moleschott,  v.  Bczold,  and 
Donders  have  found  similar  results  for  the  vagus,  with  this  difference,  that,  instead 
of  the  contraction  of  a  muscle,  there  is  inhibition  of  the  heart. 

C.  For  sensory  nerves,  also,  the  result  is  the  same,  but  we  must  remember 
that  the  perceptive  organ  lies  at  the  central  end  of  the  nerve,  while  in  a  raotor 
nerve  it  (muscle)  is  at  the  periphery.  Pfliiger  studied  the  effect  of  closing  and  open- 
ing a  current  on  sensory  nerves  by  observing  the  reflex  movement  which 
resulted.  Weak  currents  cause  only  closing  c:onlrai:lions ;  meMum  currents  both 
opening  and  closing  contractions  :  descending  j/r,:/fl;^  currents  only  opening  con- 
tractions; and  ascending  only  closing  contractions,  ff>a-i' currents  applied  to 
the  human  ^^/>/ cause  a  sensation  with  both  directionsof  the  current  only  at  closing  ; 
strong  tUscemiing  ^\\xx<^w\%  a  sensation  only  at  opening;  strong  ascending  Q\ixxtxi\.%  a 
sensation  only  at  c\o%\x\%{Marianim^  Matfcucci).  When  the  current  is  closed  there 
is  prickly  feeling,  which  increases  with  the  strength  or  the  current  ( Vo/ta').  Analo- 
gous phenomena  have  been  observed  in  the  sense  organs  (sensations  of  light 
and  sound)  by  Volta  and  Ritter. 

D.  In  muscle,  the  law  of  contraction  is  proved  thus — by  fixing  one  end  of  the 
muscle,  keeping  it  tense,  so  that  it  cannot  shorten,  and  opening  and  closing  the 
current  at  this  end.  The  end  of  the  muscle,  which  is  free  to  move,  shows  the 
same  law  of  contraction  as  if  the  motor  nerve  was  stimulalcd  (t'.j^cW*^/).  On 
closing  the  current,  the  contraction  begins  at  the  cathode  :  on  opening,  at  the 
anode  { Eftgelmann).  K.  Hering  and  Hiedermann  showed  more  clearly  that  both 
the  closing  and  opening  contractions  are  purely  polar  effects  ;  when  a  weak  cur- 
rent applied  to  a  muscle  is  closed,  the  first  effect  is  a  small  contraction  limited  to 
the  cathodic  surface  of  the  muscle.  Increase  of  the  current  causes  increased  con- 
traction which  extends  to  the  anode,  but  which  is  weaker  there  than  .it  the 
cathode  ;  at  the  same  time,  the  muscle  remains  contracted  ^Mxxwg  the  time  Ihe  cur- 
rent is  closed.   On  openings  the  contraction  begins  at  the  anode ;  even  after  open- 
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ing,  the  muscle  for  a  time  may  remain  contracted,  which  ceases  od   closing  tbe 
current  in  the  same  direction. 

By  killing  the  eml  of  a  muscle  in  various  ways,  the  excit&bitity  is  diminished  near  thii  put 
Hence,  at  such  a  place  the  polar  action  is  feeble  fvan  Leon  and  En:^clmanH,  Bir.frrwta9m\. 
Touching  a  part  with  extract  of  (lesh.  iiota^h,  or  alcohol  diminishes  locally  the  potar  acbnn,  «wr 
kkIa  salts  and  vcratrin  incrcnse  it  {Bmirrmnnn'). 

Closing  Continued  Contraction. — The  moderate  continued  controction,  which  b  JonwtiM 
olwerved  in  a  muscle  while  the  current  is  closed  (Fie.  30i.  6),  de|)end&  upon  the  abnonBal  pa- 
longation  of  the  closing  contraction  at  the  cathode  when  a  strong  stimulus  is  used,  or  danaf  lilt 
static  of  dying,  or  in  cooled  winter  frogs;  sometimes  the  opening  of  the  current  is  acoomptiiicd  by 
a  similar  contraction  proceeding  from  the  anode  (/fi></c»Tw.j«w).  This  tctanas  is  also  due  to  Ik 
summation  of  a  •tericK  of  simple  contractions  {\  29S,  HI).  By  acting  on  a  muscle  with  i  tm^ 
cent,  saline  solution  containing  sodic  carbonate,  the  duration  of  the  contraction  is  increased  oooad* 
erably,  and  occasionally  the  muscle  shortens  rhythmically  (§  296)  {^Biedemtanm), 

If  the  whole  muscle  is  placed  in  the  circuit,  the  dosing  contraction  is  stronjest 
with  both  directions  of  the  current ;  during  the  time  the  current  is  closed  a  coo- 
tinued  rnntrartion  is  stronpest  when  the  current  is  ascending  {^Wundf). 

Inhibitory  Action. — The  constant  current,  when  applied  to  a  muscle  in  1 
condition  of  continued  and  sustained  contraction,  has  exactly  the  opposite  effect 
to  that  on  a  relaxed  musric.  If  a  constant  current  l>e  applied  by  means  of  non- 
polarizable  electrodes  to  a  muscle  in  a  state  of  continued  contraction,  ^.  ^.,  after 
poisoning  with  veratrin  or  through  the  contracted  ventricle,  when  the  current  ij 
closed  there  is  a  relaxation  beginning  at  the  anode  and  extending  to  the  other 
parts;  on  opening  the  current  applied  to  muscle  in  continued  contraction,  the 
relaxation  proceeds  from  the  cathode.  Pawlow  fotmd  nerve  fibres  in  the  adductor 
muscle  of  the  mussel,  whose  stimulation  caused  relaxation  of  the  mtiscular  con- 
trartion. 

Ritter's  Opening  Tetanus. — If  a  nerve  or  muscle  be  traversed  by  a  constant 
current  for  some  time,  we  often  obtain  a  prolonged  tetanus^  after  opening  the 
current  (Ritter's  opening  tetanus,  1798).  It  is  set  aside  by  closing  the  onginal 
current,  while  closing  a  current  in  the  opposite  direction  increases  it  ("  VotU's 
alternative*^^.  The  continued  passage  of  the  current  increases  the  excitability 
for  the  opening  of  the  current  in  the  same  direction,  and  for  the  closing  of  the 
reverse  current ;  conversely,  it  diminishes  it  for  the  closing  of  the  current  in  the 
same  direction,  and  for  the  opening  of  the  reverse  current  (K^/Cd,  /iosenthat. 
Wumff). 

In  a  nen-e-muKle  prepanUion  Dsed  to  prove  the  law  of  contraction,  of  coane  a  deroucatton  e«r 
rent  is  developed  in  the  nerve  ({  334, 11)^     If  an  artificial,  weak  stimulating  current  be  applied  lo 
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such  a  nerve,  we  obtain  an  interference  effect  due  to  these  two  currents;  closing  a  w< 
cau'ea  a  contraction,  which,  however,  is  not  pm|>erly  a  closing  contraction,  but  depcnda  upr«  the 
opening  of  a  branch  of  the  demarcation  current ;  conversely,  the  opening  of  a  weak  CDrrenl  bi^ 
excite  a  contraction,  which  is  really  due  to  the  closing  of  a  side  branch  of  the  nerve  current  in  s 
secondary  circuit  through  the  electrodes  {Iferiuj^,  /ii/iierm/tnn,  CrUttner).  According  to  Grilwacr 
and  Tiegerstcdt,  the  cause  of  the  opening  contraction  is  partly  due  to  the  occurrence  of  poIarisiaK 
after.cur rents  (\  333). 

Kngelmann  and  Orllnhagen  explain  the  occurrence  of  opening  and  closing  ictanos  thas«  as  dae 
lo  latent  stimulations,  drying,  variations  of  the  tcnkpcraturc  of  the  prepared  nerve,  which  of  ihca- 
selves  are  loo  feeble  to  cau&e  tetanu<,  but  which  become  effective  if  an  increased  caciubihty  oiiuuii 
at  the  cathode  after  closure,  and  at  the  anode  after  opening  the  current. 

Biedermaan  showed  that,  under  certain  conditions,  two  succes<iive  openirkg  contractions  cui  hf  ob- 
tained in  a  fret's  nerve-muscle  preparation,  the  second  and  later  one  corrrspoDdin^  to  IUbo'* 
tetanus.  The  first  of  these  contractions  i<t  due  to  the  disa[){>earaiicc  of  anclectrutonus  in  rflBfU'a 
sense;  the  second  is  explained,  like  Ritter's  opeoing  tetanus,  in  Engelmaon's  and  Gfluhi(|H»^ 
sense. 

337.  TRANSMISSION  OF  NERVOUS  IMPULSES.— t.  If  ■ 
motor  nerve  bf  stimuluted  at  its  central  end  ( 1 )  a  condition  of  excitation  is 
set  up,  and  fa)  an  impulse  is  transmitted  along  the  nerve  to  the  muscle  with  1 
certain  velocity.  The  latter  depends  on  the  former  and  represents  the  fimction 
of  conductivity.     The  velocity  is  about  27*^  metres  [about  90  feel]  per  second 
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(p.  Heimhoit%)  and  for  the  human  motor  nerves  33.9  [100  to  t20  feet  per  second] 
(f.  Heimhoitz  and  Baxi),     The  second  depends  on  the  first. 

The  velocity  is  less  (n  the  visceral  nerves,  e.g.,  in  the  phan'ngeal  brancheit  of  ihe  vagus  S.2 
metres  [26  feet]  {Chatrveait)  ;  in  the  motor  nerves  of  the  lobster  6  metres  [18  frei]  ^Fridirieq  and 
van  df  I'flde). 

Modifying  Conditions.— The  velocity  is  influenced  by  various  conditions: 
Temperature. — It  is  lessened  considerably  by  cold  {v.  Helmhoitt),  but  both  high 
and  low  temperatures  of  the  nerve  (above  or  below  15°  to  25°  C. )  lessen  it 
{Steiner  and  Trojtzky) ;  also  curara^  the  eiectrotonic  cotuHtion  {v.  Bezoid)  \  or  only 
anelectrotonus,  while  cathelectrolonus  increases  it  {Rutherford^  IVumit).  It 
varies  also  with  the  length  of  the  conducting  nerve,  but  it  increases  with  the 
strength  of  the  stimulus  {y.  Helmkoltz  and  Baxt)^  although  not  at  first  (p.  Vint- 
schgaii). 

Methods. — ft)  V.  Hclmholtz  (1850)  estlmalcfl  the  velocity  of  the  ncnx  impuhe  in  a  frog's 
motor  nerve,  after  (he  mcthm)  of  Pouillct.  The  method  depends  upon  the  fact  that  the  needle  of 
a  galvanometer  is  defleaed  by  a  current  of  very  short  duration  ;  the  extent  of  the  deflection  being 
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^mportional  to  (he  duration  and  stren|i!tb  of  the  current.  The  aoparatus  is  so  arranged  that  the 
"time-marking  current "  is  closed  at  the  moment  tbi;  nerve  is, stimulated,  and  o^wned  a^^ain  when 
the  muscle  contracts.  If  the  nerve  attached  to  a  muscle  be  now  stimulated  oi  (he  further  point 
from  the  moscle,  and  a  second  liinc  near  its  entrance  to  the  muscle,  then  in  the  latter  case  the  time 
between  the  ap[ilicaiion  of  the  Rlimiilus  and  the  beginning  of  the  contraction  of  the  muscle,  1.  r, 
the  deflection  uf  tlic  (;nlvanometcr,  tvill  be  less  than  in  the  former  case,  ax  the  impulse  has  to  traT> 
erse  the  whole  length  of  live  nerve  to  reach  the  muscle.  The  difference  between  the  two  limes  is 
the  time  required  by  the  impulse  to  traverse  a  given  distance  of  nerve.  Fig.  370  shows  in  a 
Hiagranimatic  manner  tlic  arrangement  of  the  experiment.  'X\\^  gah'anomttfr ,  (1,  vf,  placed  in  the 
lime-marking  circuit  (open  at  first),  a,  b  (element),  <  (piece  of  platinum  on  a  key,  W),  introduced 
into  the  time-marking  circuit,  d,  f,/.  k.  The  circuit  is  wade  by  closing  the  key,  .S.  when  (/  dc- 
presses  the  platinum  plole  of  the  key,  W.  At  onee,  when  the  current  is  closed,  (he  magnetic 
needle  is  deflected,  and  its  cttem  noted.  At  the  sarre  moment  in  which  (he  current  between  c  and 
d  is  closed  the  primary  circuit  of  the  inducthn  machitu  is  opened,  the  circuit  t>eing  1,  k^  I  ( element ), 
m.  O  (primary  spiral).  /».  Thereby  an  o^ing  sho<k  is  induced  in  the  s-ccondarj-  spiral.  R.  which 
siimuKiies  the  nerve  of  the  frog's  leg  at  «.  Tlius,  the  closing  of  the  gnlvaniimeier  circuit  exactly 
coincides  with  the  stimulation  of  the  nerve.  Ihe  impulse  is  propagated  (hrough  the  nerve  to  the 
muscle,  M,  and  the  latter  contracts  when  the  impuUe  reaches  it,  at  the  same  time  opening  the  (ime- 
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measuring  circuit  at  the  double  contact,  *  end  /,  by  raising  the  lever,  II.  which  rotoles  on  j.  At 
the  moment  of  upcning,  the  fuithcr  deflection  of  the  magnetic  needle  ceases.  The  contutu/ii 
mndc  by  a  pointed  cupola  of  mercury.  WTien  the  lever,  H,  falls  after  the  contact  of  ihe  mvKte, 
sn  that  the  point,  <.  C(ime«  into  contact  with  the  underlying  ioUd  pUte,  i'.  the  omlMCt  it  /still  n- 
maini^  open,  i.  €.,  ihroufrh  the  ealvanocneter  circuit.  If  the  nerve  be  stimulated  with  the  opoiag 
shock,  lint  at  n,  and  ihcn  at  N,  the  detlection  of  the  needle  is  greater  in  the  former  thaa  ia  iW 
latter  case.  Fnim  the  difference,  we  calculate  the  time  for  the  conduction  of  llic  impube  b  tk 
stretch  of  the  nerve  between  m  and  N. 

[3.  A  simpler  method  is  tliat  shown  in  the  scheme,  Fig.  371.     Use  a  peodnloB 
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Scheme  for  mc-uurtng  ibe  vclocUy  of  norve  energy-  /^  clamp  Ibr  fcuur  ;  m,  nuwl* ,  N,  nerve : 
from,  C,  c-Drnmikiainr;  II,  aecondAry  :  1,  pnmary  ipiral  of  inJucUoa  macbiae  :  B,  twllcry, 
on  (be  smuked  pUte  P. 


■1.  near,>.  ni 
I.  «,  Wy  :  J. 


or  spring  myograph  (Fig.  294),  and  suspend  a  frog's  gastrocnemius  («),  withi 
long  portion  of  the  sciatic  nerve  (N)  dissected  out,  by  fixing  the  femur  in  a  cluDp 
(/),  while  the  tendo  Achilles  is  fixed  to  a  lever,  which  inscribes  its  movemeotioa 
the  smoked  glass  plate  (P)  of  the  myograph  ;  place  the  key  of  the  myograph  (if 
in  the  circuit  with  the  battery  (B),  and  the  primary  circuit  of  the  inductwn 
machine  (I).  To  the  secondary  coil  (II)  attach  two  wires,  and  connect  tbew 
with  a  coniniutator  without  cross-bars  (C).  Connect  the  other  binding 
of  the  commutator  with  two  pairs  of  wires,  arranged  so  that  one  pair  can  Hi 


Fig,  372. 
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I.  curVK  obtained  on  ttliauUihtf  a  nerve  (nan)  near  th«  muaclc  :  t,  when  the  •timulua  wm  applied  to  ihc  ncrw  •!  * 
ditunce  Inini  ihe  Mutcle :  D,  vibraikma  6f  a  tuning  fork  (>so  per  teeeno). 


late  the  nerve  near  the  muscle  (a),  and  the  other  at  a  distance  from  it  (^).  Worn 
the  glass  plate  swings  from  one  side  to  the  other,  the  tooth  (3)  on  its  framework 
opens  the  key  (2)  in  the  primary  circuit,  and  if  thecomtnutalor  be  in  the  (xitilioo 
indicated,  then  the  induced  current  will  stimulate  the  nerve  at  t/,  and  a  curve  will 
be  obtained  on  the  glas^  plate.  Rc'arrange  the  pendulum  as  before,  but  turti  the 
handle  of  the  commutator,  and  allow  the  pendulutn  to  swing  again.  This  lime 
the  iudticed  current  wilt  stimulate  the  nerve  at  ^,  and  a  second  contraction,  a 


DOUBLE  CONDUCTION   IN   NERVES. 


605 


to/r  later  than  the  first  one,  will  be  obtained.  Register  the  velocity  of  the  swing 
by  means  of  a  tuning  fork,  and  the  curve  obtained  will  be  something  like  Fig. 
373,  although  this  curve  was  obtained  on  a  cylinder  traveling  at  a  uniform  rate. 
The  difference  between  the  beginning  of  the  a  and  b  curves  indicates  the  time 
that  the  nerve  impulse  took  to  travel  from  b  to  a.  This  time  is  measured  by  the 
tuning  fork,  and  if  the  distance  between  the  points  a  and  b  is  known,  then  the 
calculation  is  a  simple  one.  Supfwse  the  stretch  of  nerve  between  a  and  b  to  be 
2  inches,  and  the  time  retiuired  by  the  impulse  to  travel  from  b  to  a  to  be  ^^ 
second,  then  we  have  the  simple  calculation — 2  inches  :  12  inches:  :  ^^'  :  ^\ 
or  80  feel  [>er  second.  In  Fig.  372  the  experiment  was  made  on  man  ;  me  curve 
I  was  obtained  by  stimulating  the  nerve  near  the  muscle,  and  2  when  the  nerve 
was  stimulated  at  a  distance  of  30  centimetres.  The  interval  between  the  ver- 
tical lines  corresponds  to  y^  second,  ;>.,  the  time  required  by  the  nerve  impulse 
to  pass  along  30  centimetres  of  nerve,  which  is  equal  to  a  velocity  of  30  metres 
{90  feet)  per  second.] 

In  man  v.  Helmholtz  and  Bait  eitimated  the  velocity  of  the  impulse  in  the  mtifian  nerx'e  by 
catuJDg  the  muscles  uf  the  bfill  of  the  thumb  lo  write  ofT  their  contractions  on  a  rapidly  revolving 
cylinder.  [In  this  case  the  pincc  myographique  of  Marey  (J  708)  may  be  used.  The  ends  of  the 
pince  are  applied  so  ns  10  embrace  ihe  ball  of  the  thumb,  so  that  when  the  muscles  contract  the 
increase  in  thieknea  of  tlit  muscles  expands  the  pince,  which  acts  on  a  Marcy's  tambour,  by  which 
the  movement  is  transmiued  to  another  tambour  provided  with  a  writing  style,  and  inscribing  its 
movements  upon  a  rapidly  moving  surface,  either  rotary  or  swinging.]  'i'hc  nerve  Is  stimulated  at 
one  time  in  the  axilla  and  again  si  the  wnst.  Two  curves  are  obtained,  which,  of  cuursc.  do  not 
begin  at  the  same  time.  The  difference  in  time  between  the  becinning  of  the  two  curves  is  the 
time  taken  W  the  impulse  to  traverse  the  above-mentioned  length  of  nerve.  [The  time  is  easily 
uceitained  by  causing  a  tuning  fork  of  a  known  rate  of  vibration  to  write  its  movements  under  the 
curve*.] 

3.  In  the  sensory  nerves  of  man  the  velocity  of  the  impulse  is  probably 
about  the  same  as  in  motor  nerves.  The  rates  given  vary  between  94-30  metres 
[280-90  feet]  per  second  (r.  Helmhoitt^  Kohlrausch,  v.  Wittiih,  Schelske  and 
others). 

Method.— Two  points  are  chosen  as  far  apart  as  possible,  and  at  unequal  distances  from  the 
brain,  and  they  are  successively  excited  by  a  momentary  stimulus,  e.g.^  an  opening  induction  shock 
applied  successively  to  the  tip  uf  the  car  and  the  great  toe.  The  moment  the  stimulus  is  applied, 
U  is  indicated  on  the  registering  surface.  The  person  experimented  on  is  provided  with  a  key 
attached  to  an  electric  arrangement,  by  which  he  can  mark  on  the  registering  surface  the  moment  he 
feels  ibe  sensation  in  each  case. 

Reaction  Time.— Tne  lime  which  elapses  between  the  application  of  the  stimulus  and  the 
reaction  is  called  (he  "  reaction  tinif."'  It  ik  made  up  of  the  time  necessary  for  conduction  in  the 
sensjry  nerve,  thai  for  the  process  of  perception  in  the  brain,  the  conduction  in  the  motor  ner^*es  to 
the  muscles,  by  which  the  signs  on  the  registering  surface  were  made,  and  los.ly  by  the  latent 
period  [p.  516).      The  rcactiun  lime  15  usually  alxiul  0.135  to  o.a  second. 

Pathological. — The  conduction  in  the  cutaneous  nerves  is  sometimes  greatly  delaytd  in  altera- 
tions of  the  cutaneous  sensibdity  in  cenain  di&eases  of  the  spinal  cord  [^  564}.  The  semaiioH  itself 
may  be  unchanged  Sometime.^  only  eKc  cimdnction  (or  painful  impressions  is  retarded,  so  that  a 
painful  impression  on  the  skin  is  first  perceived  as  a  tactile  sensation,  and  afterward  as  pain,  or  con- 
verwly.  When  the  interval  of  time  between  these  two  sensations  is  long,  then  there  is  a  distinctly 
tiimhle  sensation  yN'aunyn^  Kemak,  EuUnburg).  It  is  rarely  that  volunt.iry  movemcnis  arc  exe- 
cuted much  more  slowly  Irom  causes  de^H-iiding  on  Ihe  Mo/(»r  nerves,  but  occasionally  the  lime 
between  the  volunt.iry  impulse  and  the  contraction  is  lengthened,  but  there  may  be  in  addition 
slower  or  longer  continued  contraction  of  the  muscle.  In  tabes  dorsal  is  or  locomotor  ataxia,  the 
discharge  of  reJUx  mavemfnts  is  delayed  ;  it  is  slower  with  thermal  stimuli  [60°)  than  with  cold 
ones  J5°  C,  Ewald). 

338.  DOUBLE  CONDUCTION    IN    NERVES.— Conductivity   is 

that  property  of  a  living  nerve  in  virtue  of  which,  on  the  apjilication  of  a 
stimulus,  it  transmits  an  impu/se.  [The  nature  of  a  nerve  impulse  is  entirely 
unknown  ;  we  may  conveniently  term  the  process  nerve  motion,  but  there  js 
some  reason  to  believe  that  nerve  energy  is  transmitted  by  some  sort  of  molec- 
ular vibration.]     The  conductivity  is  destroyed  by  all  influences  or  conditions 
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which  injure  the  nerve  in  its  continuity  (section,  ligature,  compression,  dc^lradion 
by  chemical  agents);  or  which  abolish  the  AV(7/(/^///y»' at  any  part  ofibcoorK 
(ab!>olute  deprival  of  blood  ;  certain  poisons,  e.g.,  curara  for  motor  nerves;  tin 
strong  aneicctrotonus,  tj  335). 

La\v  of  Isolated  Conduction. — Conduction  always  takes  place  only  in  the 
contintuty  uf  fibres,  the  impulse  never  being  transferred  to  adjoining  nerve  6bra. 

Double  Conduction. — Although  apparently  conduction  in  motor  ncr»a 
lakes  place  only  in  a  centrifugal  direction  toward  the  muscles,  and  in  Kntoty 
nerves  in  a  C£ntripitat  direction,  />.,  toward  the  centre  ;  nevertheless,  cxperirocol 
has  proved  that  a  nerve  conducts  an  impulse  in  both  directions.  If  a  pure  loolof 
or  sensory  ncr\'e  be  stimulated  in  its  course,  an  impulse  is  propagated  at  thcniDC 
time  in  a  centrifugal  and  in  a  centripetal  direction.  This  is  the  phenomenon  of 
•'  doubU  (omiuction,'* 

Proofs. —  I.  If  a  ner\'C  be  stimulated,  its  fUctnhmoHve prttperfies  9Jt  aflfecuii 
both  above  and  below  the  point  of  stimulation  (see  Nrgative  Variation  in  Sitm^ 

§  332)- 

3.  Union  of  Motor  and  Sensory  Nerves. — If  the  hypoglossal  and  Itogol 
nerves  be  divided  in  a  dog,  and  if  the  peripheral  end  of  the  hypoglosstl  be 
stitched,  so  as  to  unite  with  the  central  end  of  the  lingual  {Bitider),  then,  sevenl 
months  after  the  union  and  restitution  of  the  nerves,  stimulation  of  the  ceniral 
end  of  the  lingual  causes  contraction  in  the  corresponding  half  of  the  tongue. 
Hence,  it  has  been  assumed  that  the  lingual,  which  is  the  sensory  nerve  of  the 
tongue,  must  conduct  the  impulse  in  a  peripheral  direction  to  the  end  of  ihc 
hypoglossal. 

This  experiment  b  not  conclusive,  as  ihe  trunk  of  the  lingual  receives  high  up  the  ceiitfihpl 
ftbrcK  from  the  seventh,  viz.,  the  chorda  lympani,  which  may  unite  with  those  of  the  ^y\n)^nm. 
Further,  if  the  chorda  be  divided  and  allowed  to  degenerate  before  the  at»ve  described  cxfchoctf 
i»  made,  then  nu  Cuuliactiuns  occur  on  Mtmulalinj;  the  Iin|>ual  uLkjvc  the  point  uf  union  ((  349;. 

3.  Bert'a  Experiment. — I'aul  Itcrt  removed  the  skin  fiom  the  lip  of  the  taii  <ff  a  fj:,tid 
stiichcd  it  into  the  skin  of  the  back  uf  the  anirual,  where  it  united  with  the  tisAuex.  Aiter  the 
first  union  had  taken  place,  the  lail  was  then  divided  al  its  base,  so  that  the  tail,  as  it  weTe,ffv* 
out  ol  the  skin  on  the  back  of  the  animal.  l)n  stimulating  the  tail,  the  animal  exhibited  lipttf 
Ktikalton,  so  that  the  impulsci  in  the  keniury  nerves  must  have  traversed  (he  ner«-e*  froa  ihebif 
to  the  tip  of  the  tail  (Ij,  325). 

4.  Electrical  Nerves. — If  the  free  end  of  the  electrical  centrifugal  nen^ 
of  the  malaptenirus  be  stimulated,  the  branches  given  off  above  the  poiai  of 
stimulation  are  also  excited,  so  that  the  whole  electrical  organ  may  dischirgeiti 
electricity  yBabu^hin^  Mantey). 

339.  ELECTRO-THERAPEUTICS— REACTION  OF   DBQBNERAT10N.'Q«- 

tricity  is  frequently  employed  fur  therapeutical  purposes,  the  rapidly  intcmiptcd  carreot  of  the  M- 
duction  machine,  or  Furaihc  curtt^f,  (King  frequently  used  (especially  smce  I  nichenne.  iS47)<^ 
magtuio-etgelrital  f^iamtus,  and  the  fxtnt'Currtnt  apfiaraias.  'Ilie  (onii'tni  or  |>alvanic  caned 
is  also  used,  especially  since  Kemak'aumc,  183$  (|  Jjo). 

1.  In  paralysis,  t-'armtu  cutrcois  are  applied  cither  to  the  muscles  thenuelvet  {Dmkin»t)%* 
the  iKJinia  of  entrance  ot  the  motor  nerves  \y.  Ziemsstn),  by  means  of  suitable  electrodes,  or  M^ 
phorcs  covered  with  sp^^n^e,  etc.,  and  moistened. 

[Rheophores. — Many  different  forms  are  used,  according  to  the  or^^an  or  piirt  10  l>e 
or  the  effect  desired.  When  cicctncity  is  applied  to  the  skin  to  remove  an^i.-ithrsia,  liy| 
or  altered  sensibility,  and  vrc  desire  to  Itmit  tlie  effect  to  the  skin  alone,  then  ihe  rh< 
applied  dry,  and  arc  usually  made  of  metal.  If,  huwever,  deeper-seated  siruciurei,  m 
nerve  trunks,  are  to  Ijc  a/Tcctcd,  the  skin  must  be  well  moistened  and  soUcncd  l})r  cpoogliiCl 
warm  water,  while  the  rhcophore«  are  fitted  with  sponges  moistened  with  common  nit  aiod  vAff 
which  diminishes  the  resistance  of  the  skin  to  the  passage  of  electricity  (Kigs.  373-375)-] 

In  faradifing  the  paralyzed  muscle,  the  object  is  to  cause  ortitictal  movemcDls  in  it,  knd  ikuipT 
vent  the  degcrieration  which  it  would  othcrwiite  undcrgu,  merely  from  inaction.  If,  in  addHiottn 
the  motor  nerves,  its  Irephu  nerves  are  also  paralyzed,  then  a  muscle  atrophies,  noiwith^tandtn^tbi 
faradization  (j  325,  4).  The  use  of  the  induced  current  also  im|intvcs  a  paraly/e«l  muv.lc,i>  It  «>■ 
creases  the  blood  stream  through  it.  while  it  affects  the  metabohsm  of  the  muscle  reflesly.  1* 
addition,  weak  cuaetus  may  restore  the  eaciubiJity  of  enfeebled  nerves  (v.  Brt-td,  £M£fimmm^ 
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le  Figs.  376,  377,  378,  and  379  indicate  the  positiocs  of  the  motor  points  of  the  extremities, 
«,  by  stimulattn)^  at  the  entrance  of  the  nerve,  each  muscle  may  be  caused  to  contract  singly. 
349  the  motor  [loints  of  the  face,  and  in  §  347  those  ol   the  neck,  are  indicated. 
le  constant  current  may  be  employed  as  a  bllmulus  when  tt  ui  clu5cd  and  opened  in  the  form 

/»/frrM//f(/ current,  by  altering  it^  direction  and  increasing  or  diminishing  ii&  mtcnsity,  but  it 
causes  a,  polar  action.  Ud  eioitn^  the  current,  the  nerve  at  the  calhodt  is  stimulated  ;  similarly, 
Uning  the  current,  at  the  anode  \\  336).  Tluib,  wticn  the  current  is  closed,  the  excitability  of 
lerve  is  increased  ai  the  cathode  ({  33S)>  which  may  act  favorably  upon  the  nerve.     Increased 

bility  in  clcctrotonus  at  the  anode,  although  feebler,  has  been  observed  during  percutaneous 
icizaltun  in  man.  This  is  especiaJly  the  case  by  repeatedly  reversing  the  current,  sometimes 
by  o^tening  and  cliising.  or  even  with  a  uniform  current.  If  the  increase  of  the  exciiabihiy  is 
ned,  then  the  direction  of  the  curicnt  iacrea&cs  the  excitability  un  closing  the  reverse  cuircnt, 
on  opening  ih«  one  in  tlie  same  direction. 

estorative  Effect. — Further,  in  u&ing  the  constant  current,  we  have  to  consider  its  rcMorative 
t&,  especially  when  it  \s,  aatHding.  K.  Heidenhain  found  that  feeble  and  lattgued  muscles  re- 
r  after  the  pasMge  of  a  coiutaut  current  through  them. 

Fio.  375. 


yw.  373- 


Fio.  374 


OcNibl*  sponge  rhcophorc. 


Diak  rhvDphorc. 


Metallic  liruih  (J/Wm). 


•stiy,  the  constant  current  may  l>e  tiieful  firom  its  catalytic  or  cataphoric  action  {\  328).  The 
t  i»  diructly  upon  the  li&sue  elements,  h  may  also  act  directly  or  retiexly  upon  the  blood  and 
pih  vessels. 

aradliation  in  Paralyais.  — If  the  primary  cause  of  the  paralysis  is  in  the  muscles  themselves, 
ithc  iWMroi' current  is  generally  applied  directly  to  the  mu.^clea  themselves  by  means  of  sponge 
(Todes  (Fig.  373) ;  while,  if  the  muior  nerves  arc  the  primary  scat,  then  the  electrodes  are 
led  oifcr  ihem,  The  current  used  must  be  only  of  very  moderate  strength  ;  strong  tetanic  con- 
tons  are  injurioufi,  and  so  is  loo  prolonged  application  (Alb.  Eulenbur^). 
he  galvanic  current  may  also  \,t  applied  to  the  muscles  or  to  iheirmotornervcs,  or  to  thecen- 
Df  the  latter,  OT  to  both  muscle  and  nerve  simuluneously.  As  a  rule,  the  <atko<ie  is  placed  n^ar/r 
tntre,  at  it  increases  the  cxciiability.  When  the  electrode  is  moved  ainng  the  course  of  the  nerve, 
*en  the  Mrcngth  of  tJie  current  is  varied,  the  action  is  favored.  If  the  seat  of  tht:  legion  ia  in 
Eentrol  nervous  system,  then  the  electrodes  are  applied  along  the  vertebral  column,  or  on  the 
*ral  column,  and  the  course  of  the  nerves  at  the  same  time,  or  one  on  the  head  and  the  other 
point  as  near  as  possible  to  the  supposed  seat  of  the  lesion.  The  current  must  not  be  loo  strong 
Ipplied  too  long. 

iduced  V.  Constant  Current :  Reaction  of  Degeneration.— Paralyied  nerves  and  muKclei 
ivc quite  differently  a»  regards  the  induced  frapidly  mterrupicd)  and  the  fonj^aW current.  This 
lied  the  "  reaction  of  degeneration."  We  mmi  remember  the  physiological  fact  thai  a  djing 
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cen  as  nfutUy  as  the  Fara<lic  current  is  hrolccn,  then  the  constant  current  docs  not  cause  contrac- 
tion. Conversely,  the  induced  cunenl  may  he  rendered  effective  by  causing  tt  In  last  longer.  We 
may  also  keep  the  primary  circuit  of  the  induction  machine  closed,  and  move  ihe  secondary  spiral 
to  and  fro  along  the  slots.  Thus  we  obtain  sluw  gradations  of  the  induced  current  which  act  ener- 
getically upon  ciirarifcd  muscles  {Ifr^iie).  Hence,  in  stimulating  a  muscle  or  nerve,  we  have  to 
consider  not  only  the  strenfrtb,  but  also  the  durstion,  of  the  current,  just  as  the  deflection  of  the 
magnetic  needle  depends  upon  these  two  factors. 

[Galvanic  excitability  is  the  term  applied  to  the  condition  of  a  nerve  or  muscle,  whereby  it  re- 
sponds to  the  opening  or  closing  of  a  continuous  current.  The  cffeas  differ  according  as  the  current 
is  opened  or  closed,  and  according  to  its  strength.     A^  a  rule,  the  cathode  catuca  a  contraction 

Fic.  378. 


N.  cntrolii. 


N.  obturator. 

M.  pcctineus. 

M.  Adductor  nuignus. 

M   idducL  longut. 


N.  peroiKiu, 

M.  tibiil.  antic. 

M.  cjitcn.  dig  com.  long. 

M.  pereoeu*  loogus. 

M .  peronnift  brwt&. 

U   extiM.  hallucU  long. 


brevl 


M.  t«iuor  (uciclaia 
(Nn.  glut.  sup.). 


M.  quftdriceps  femoris 
(general  centre). 

M.  rectus  fenoris. 

M.  cniTBtU. 

M .  vastus  cjitsnuu. 

M.  vailuk  iaicmu!^ 
M.  gaitrocuctn.  extern. 
M.  soletu. 


M>  fleju>t  hallucis  long. 
^  M.  abductor  dlgltL  min. 


Mm.  iDierotsei  doiules. 


Motor  pofnu  eit  th*  peroneal  and  tibial  nerve*  on  the  Tront  of  the  leg ;  the  peroneal  00  the  left,  the 
tibial  on  the  riuht  (after  EicMurtJ). 


chiefly  at  clnmre,  the  anode  at  opening  the  current,  while  the  cathode  is  the  stronger  stimulus. 
With  a  ufeak  current  the  cathode  produces  a  simple  contraction  on  closing  the  current,  but  no  con- 
traction from  the  anode.  With  a  mfJium  curretii  u-e  get  with  the  cathode  a  strong  closing  conlraC' 
tion  but  no  ofjcning  contraction,  while  the  anode  excites  feeble  opening  and  closing  contractions. 
With  a  strong  current  wc  get  with  the  cailiodc  a  tetanic  contraction  at  closure,  and  a  perceptible 
contraction  at  opening,  while  with  the  anode  there  is  contraction  both  at  opening  and  closing.] 

[The  law  of  contraction  is  usually  expressed  by  the  following  formula  [Jioss,  after  Erb) :  An  ^ 
■node,  Ca  =:  cathode,  C  ^^  contraction,  c  :=  feeble  contraction,  C  ^^  strong  contraction,  S  ^ 
closure  of  current,  O  —  opening  of  current,  Te  =  tetanic  contraction ;  so  that,  expressing  the 
above  statements  briefly,  we  have — 
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Weak  currents  produce  Ca  S  C ; 

Medium   ••  "        Ca  S  C\  An  S  r.  An  O  <•; 

Strong      "  "        Ca  S  Tc,  An  S  C,  An  O  C,  Ca  Or.] 

[Typical  Reaction  of  Degeneration. — When  the  reaction  of  the  nerve  and 
muscle  tu  electrical  stimulation  is  altered  both  qualitatively  and  quantitatively, 
we  have  the  reaction  of  degeneration,  which  is  characterized  essentially  by  the 
following  conditions]  :  The  excitability  of  the  musdes  is  diminished  or  abolished 
for  the  Faradic  current,  while  it  is  increased  for  the  galvanic  current  from  the 
3d-58th  day;  it  again  diminishes,  however,  with  variations,  from  the  7id-So(h 
day  ;  the  anode  closing  contraction  is  stronger  than  the  cathode  closing  contrac* 
tioD.    The  contractions  in  the  affected  muscles  occur  slowly  in  a  peristaltic  manner, 

Fig.  379. 


U.glutcufti 


>M.  biceps,  fern.  (cap.  lonB.) 
(gn.  »CM(.). 


\A.  biccpK.  fem.  (cap.  brcv.) 
(grt.  ncbu). 


N.  UchfauUoH. 
M.  idduet.«nKnui  (a.  «(it.|. 
M.  •«niiicndtno«uft  (<n.  MCtu.) 
M.  Mmimenibrancatu  \gjfl. 


N.  ribiaU*. 


}(•  pCTOWUt. 


M.  fuirocncm.  (cap  ua  1 


M.  £urn>cne«.  (cap. 


II.  flex.  dig.  csna.  Um| 
M.  Aaaor  liiHiiclft  loafM. 

N.  tlbialU. 


Motor  potnU  of  the  adatlc  ncrv*  aad  bi  bnnche* ;  the  peroneal  and  tibtal  nenra. 


and  are  local,  in  contrast  with  the  rapid  contraction  of  a  normal  muscle.  The 
diminution  of  the  excitability  of  the  nen-es  is  similar  for  the  galvanic  and  Faradic 
currents.  If  the  reaction  of  the  nerves  be  normal,  while  the  muscle  during  direct 
stimulation  with  the  constant  current  exhibits  the  reaction  of  dcgeneralioQ,  we 
speak  of  ** partial  reaction  of  degeneration"  {£rfi),  which  is  coastakllf 
present  in  progres.sive  muscular  atrophy  (£rfi,  Gunther), 

[The  "  reaction  of  degeneration"  may  occur  before  there  i&  actual  paralyus,  a>  in  ]e«d 
ing.     \VIien  it  occurs,  we  have  to  deal  with  lome  affection  of  the  nerve  hlirrs  or  of  tbc 
ncnre  cells.     When  it  is  established,  (i)  stimulation  of  the  nerve  wtUi  Faradic  and  (jaJranic 
tricUy  does  not  cause  contraction  of  the  muscle;  (3)direct  Faradic  flimulKiion  of  the  tnitacka 
not  cause  contraction ;  (3}  the  galvanic  current  usually  excites  contracUon  more  reaMiity  thai 
normal  muscle,  so  that  the  muscle  responds  to  much  feebler  currents  than  act  on  healthy 
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bol  the  contraction  h  longer  and  more  of  a  tonic  character,  and  showt  a  tendency  to  become  tetanic] 
[The  electrical  excitaUlit)'  is  generally  unatfected  in  pamlyus  of  cerebral  origin,  and  in  some  forms 
of  spinal  paralyus,  as  primary  lateral  sclerosis  and  transverse  myelitis  (/^ossf ;  but  the  "  reaction  of 
d^eneration  "  occurs  in  traumatic  parELty*it>  due  to  injury  of  the  nerve  trunks,  neuritis,  rheumatic 
baal  paralysis,  learl  palsy,  and  in  affections  of  the  ner^■c  cirlls  in  the  naterior  comu  of  the  gray 
nuutcr  of  the  5j>inal  cord.]  In  rare  case*,  ihe  contractiun  of  the  muscles,  caused  by  applying  a 
Faradic  current  to  the  nerve,  follows  a  slow  peristaltic- like  course — "J-'aradit  rttiftinH  of  degenera- 
tion" i&.  Kemak,  A'aU,  Erb). 

IL  In  Various  Forms  of  Spasm  (spa&ros,  contraciore,  muscular  tremor)  the  constant  current 
ii  most  eflcctive  (A'cmaJi).  Hy  liie  action  of  anelectruinnut,  a  paihological  increase  of  the  excita- 
bility is  subdued.  Hence,  the  anode  ought  tn  be  applied  to  the  pan  with  increased  excitability,  and 
if  it  be  a  case  of  reflex  s;»ism,  to  the  points  which  are  ihe  origin  or  scat  of  the  increased  excitability. 
Weak  currents  of  uniform  intensity  arc  most  effective.  The  constani  current  may  also  be  uselul 
(rom  its  cataphorii  action,  whereby  it  favors  the  removal  of  stimuli  from  the  seat  of  the  irntaiiun. 
Further,  the  coiiMant  current  increases  the  voluntary  fontroi  over  the  affected  muscles.  In  spasms 
of  central  origin  the  constant  current  may  be  applied  to  the  central  organ  itself  (Fig.  387).  Fva- 
diaalion  is  used  in  spasmodic  atfecttons  to  increase  the  vigor  of  enfeebled  antagonistic  muscles. 
MuKles  in  a  condition  of  contracture  are  said  to  become  more  cxtcn>ihle  under  the  inHuence  of 
the  Karadic  current  {Hemafc)^  as  a  normal  muscle  Is  more  excitable  during  active  contraction 

In  cutaneous  anasthesia,  the  Faradu  currenf  applied  to  the  skin  by  means  of  hair-brush 
electrodes  (Fig.  375)  if  frequently  u^cd.  When  using  the  ctms/tJHf  current,  the  cjthodc  muit  be 
applied  to  the  parts  with  diminished  sensibility,  llic  constant  current  alune  is  apphe<l  to  the  cemfrai 
•eu  of  the  lesion,  and  care  must  be  taken  to  what  extent  the  occurrence  of  catheleclrotonus  in  the 
centre  affects  the  occurrence  of  sensation. 

in.  In  Hypers  St  hesia  and  Neuralgias,  Faradic  currents  are  applied  with  the  object  of  over- 
stimulating  Ihe  hvfiersensitive  p:irtK,  and  thus  to  benumb  them.  Besides  these  powerful  currents, 
iDtai  currents  act  reflexly  and  sccclcrnte  the  blood  stream,  increase  the  heart's  actitfti,  and  constrict 
the  blood  vessels,  while  Urong  turrcnis  cause  the  opi>osiie  effects  (O.  Nanmann).  Both  may  be 
usefnl.  In  employing  the  constant  current  in  neural^a  (A'erNtii),  one  object  is  by  exciting  aiielec- 
trotonu.*;  in  the  hyper>ensilivti  nerves,  to  cause  a  diminution  of  the  excitability.  Acconling  lu  the 
nature  of  the  case,  the  onode  is  placed  either  on  the  nerve  trunk  or  even  on  the  centre  itself,  and 
the  cathode  on  an  indifferent  part  of  the  body.  The  cotalyiu  and  iiUnphorii  effects  also  are  most 
impunani,  for  by  means  of  them,  especially  in  recent  rheumatic  neuralgias,  the  imtating  intlamnia- 
tory  products  ore  distribute*!  atid  conducted  away  from  the  port.  A  descending  current  is  trans- 
miued  continuously  for  a  time  through  the  nerve  trunk,  and  in  recent  cases  its  effects  are  sometimes 
fery  striking.  Lastly,  of  course  the  constant  current  may  be  used  as  a  cntaneotu  stimulus,  while 
the  Fanulic  current  also  acts  reflexly  on  the  cardiac  and  vascular  activity. 

Recently,  (..'harcot  and  Badei  have  used  the  electric  spark  from  an  electrical  machine  in  cases  of 
an.x^hesia,  facial  paralysis  and  paralysis  agitaus.  In  M>nic  cases  of  spinal  paralysis,  muscles  can 
be  made  to  contract  with  the  electric  spark,  which  do  not  contract  to  a  Foradic  current.  [Elec- 
tricity is  S'>metirae4  used  to  distinguish  real  from  feigned  disease,  or  to  ilistinguish  death  from  a  con- 
ditioa  of  trance.] 

Galvano  Cautery. — The  electrical  current  is  used  for  thermal  purposes,  as  in  the  galvano 
cautery. 

Galvano  Puncture. — The  eUitre>lytic  properties  of  electrical  currents  arc  employed  to  cause 
coagnlation  in  aneurisms  or  varix.  [If  the  electrodes  from  a  constant  battery  in  aaion  be  inserted 
in  an  aneuhsmol  s;ic,  after  a  time  the  fibrin  of  the  blood  is  deposited  in  the  .uc,  whereby  the  cavity 
of  the  aneurism  is  gradually  tilled  up.  A  galvanic  current  passed  through  dctibrinatcd  blood  causcB 
the  formation  uf  n  coagulum  of  proteid  matter  at  the  positive  pole  and  bubbles  of  gu  at  the 
negative.] 

340.  ELECTRICAL  CHARGING  OF  THE  BODY.— Saussure  tnvesrigated  by  means 
of  the  cleciroscoi>c  the  "  cliargc  "  of  a  [>crson  standing  on  au  insuhited  stool.  The  phcmtmciYa 
observed  by  him,  which  were  always  Jncun^iant,  were  due  to  kV^  friction  of  the  clothes  upun  the 
skin,  (jardini,  Hcmmer,  Abrens  (1817),  and  Nassc  rc^rded  the  body  as  normally  charged  with 
p«titri'f  electricity,  while  Sj^slen  and  others  regarded  it  as  negatively  charged.  Most  probably  all 
these  phenomena  are  due  to  friction,  and  are  modified  efTects  of  the  air  in  Cfintact  with  the  bctero. 
geneous  clothing  [J/aHket).  A  strong  charge  resulting  in  an  actual  spark  has  frequently  been 
deicribed.  Cardanus  ( 1553)  obtained  sparks  from  the  tips  of  the  hair  of  the  head.  According  to 
Horsford  (1837),  long  sparks  were  obtained  from  the  tips  of  the  tingere  of  a  nervous  woman  in 
Oxford,  when  she  stood  u^ion  an  in.tulated  carpet.  Sparks  have  often  been  observed  on  combing 
the  hair  or  stroking  the  back  of  a  cat  in  the  dark.  Freshly-voided  urime  is  negatively  electrical 
(  ynsalli  /ioMdi,  I'olta] ;  so  is  Ihe  freshly- formed  web  of  a  spider,  while  the  bhi^i  is  positive. 

34"-  COMPARATIVE— HISTORICAL.— Electrical  Fishes.— Some  of  the  most  inler- 
esiing  phenomena  conncctetl  with  animal  electricity  ore  obtained  in  electrical  fishes,  of  which  there 
are  alimit  fifty  species,  including  the  electrical  eel,  oxOymitotus  elertrirus,  of  the  lagoons  of  the  region 
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of  iHe  Orinoco  in  South  America;  it  may  measure  over  7  feet  in  lenRlh.  The  Terfrda 
and  some  atliril  species,  30  (o  70  cetilinietre&  [t  10  2%  feet],  in  the  Adriatic  anil  McdiiemBMib 
the  Afalapffrttrus  tlfttricus  of  the  Nile,  and  toe  Marmyrus,  also  of  the  feame  ri««t.  bjr  mwaiaf 
s|x;cial  electrical  organ>i  |  Redi^  /{V)6), these  animals  can  in  part  voluntarily  (gjninuCDs  and  nd^ 
lerurus),  and  in  pan  reHexly  (torpedo)  give  a  very  powerful  electrical  shock.  The  electrical  orgak 
consists  of  "  com|)anmeats  "  of  vartou&  forms,  separated  from  each  uther  by  connective  iiMnc,  awl 
filled  with  a  jelly-like  substance,  wliich  the  nerves  enter  on  one  surface  and  ramify  to  produce  a 
plexus.  Krom  this  plexus  there  proceed  branches  of  the  axial  cylinder,  which  end  in  a  nucioaied 
plate,  the  "  electrical  plate  *'  {BWharz,  M.  Sckuhe).  When  the  "  electrical  nerves  "  prucccihng  to 
the  organ  are  stimulated,  an  electrical  discharge  is  the  result. 

In  Gymnotus  the  electrical  organ  consists  of  several  rows  of  columns  arranged  along  both  sidti 
of  the  spmal  culumn  of  the  animal,  under  the  &kin  as  far  as  the  tntl.  It  receives  on  the  anterior 
surface  several  branches  from  the  intercostal  nerves.  Besides  this  large  organ  there  is  a  smaller  one 
l)ing  on  both  rides  above  the  anal  tins.  Here  the  plates  arc  vertical,  and  the  durciioo  of  the  elec- 
trical current  in  the  fish  is  ascending,  so  thai,  of  course,  it  is  descending  in  the  surrounding  watei 
{^/•'aradav,  Du  Bou-Heymond). 

In  Malapterurus  the  organ  surrounds  the  body  like  a  mantle,  and  receives  only  one  nerve  fibre 
(p.  521],  wliose  axis  cylinder  arises  near  the  medulla  oblongata  from  one  gigantic  gaiig1i<inic  c^t 
i^tiiilhart),  and  is  coni|>ose<I  of  protoplasmic  processes  [ArifsiA).  The  plaieii  are  also  vctlicstl,  aod 
receive  their  ner>es  from  tlie  poMenor  surface.  The  direction  of  the  current  is  descending  m  the 
fisb  during  the  discharge  {Du  Boit  HfymomiV 

In  the  Torpedo  the  organ  lies  immediately  under  the  skin  laterally  on  each  side  of  the  bead, 
reaching  as  far  as  the  pectoral  lius.  It  receives  several  nerves  which  arise  Oom  the  lobus  eleancua. 
between  the  corpora  quadrigemina  and  the  medulla  oblongata.  The  pLiles,  which  du  not  increaM 
in  numl>er  with  the  growth  of  the  animal  {Delle  Chtajt,  Babuck\n\,X\t  horizontally,  while  the  ncrrr 
hbre»  enter  tbciu  on  their  dorsal  surfaces,  the  current  in  the  fish  being  from  the  abdominal  to  the  donal 
surface  ( Galvoni).  It  is  extremely  probable  that  the  electric  organs  are  modified  muscles,  in  whicft 
the  nerve  terminations  arc  highly  develo]>cd,  the  electrical  plates  corresponding  to  the  motorial  end 
plates  of  the  muscular  fibres,  the  contraclile  substance  having  disappcaied,<oi}iat  during  phjmiatogicaJ 
activity  the  chemical  energy  is  changed  into  electricity  alone,  while  there  is  no  "  work  "  wdc. 
This  view  is  supported  by  the  ut)scrvation  of  Babuchin.  that  during  development  the  orgva  are 
origiually  formed  like  muscles;  further,  that  the  organs  when  at  rest  are  neutral,  but  wltcn  active (H 
dead,  acid;  and  lastly,  they  contain  a  substance  related  10  myosin  which  coagulates  after  death 
({295 — Weyt).  The  organs  manifest  fatigue  ;  they  have  a  "latent  penud  "  of  0.016  aecoixl,  while 
one  >hock  of  the  organ  (comparable  to  the  current  in  an  active  muscle  |  lasts  ox>7  second.  Afaoitt 
twenty  five  of  these  shocks  go  to  make  a  discharge,  which  lasts  about  0.23  second,  lite  disdiarsc 
like  tetanus,  is  a  discontinuous  process  {AJarey).  .Mechanical,  chemicaJ,  thermal  and  eJc«trical 
stimuU  cause  a  discharge;  a  single  induction  shock  is  not  effective  ySathi),  During  the  electrinl 
discharge  the  current  traverses  the  muscles  of  the  animal  itself;  the  latter  contract  in  the  torpedo, 
white  they  do  not  do  so  in  the  gyninutus  anil  malapterurus  during  the  discharge  iStnmfr).  A  tot- 
pcdu  can  give  about  fifty  shocks  per  minute;  it  then  becomes  fatigued,  and  requires  some  line  to 
recover  itAelf.  It  may  only  partially  discharge  its  organ  (.^A  v.  Humboidtx  SarAs).  Cooling  nukn 
the  orgau  less  active,  while  healing  il  to  22°  C.  makes  it  more  so.  The  oi^an  becomes  tetanic  «tth 
strychnin  {Brc^ttcr^/),  while  curara  paralyses  it  (SatAt).  htimulalion  of  the  electrical  organ  of  tW 
loqietlo  causes  a  discharge  {A/aftttm-i);  cold  retards  it,  white  section  of  the  electrickt  oencs 
j>.-\ralyzcs  the  organ.  The  electrical  tithes  themselves  are  but  slightly  affected  by  very  straag  iadoc- 
tiun  shocks  traoitmitied  through  the  uaicr  in  which  they  are  swimming  (Z^w  Stnj-A'^ymfim^.  Tbe 
substance  of  the  electrical  organ.^  ts  singly  refractive ;  excised  portions  give  a  currenl  dunn|*  res, 
which  has  tbe  same  direction  as  the  shock  ;  tetanus  of  the  ur^aii  weakens  tbe  current  (5«r£,  Dm 
BoisHfymonJ). 

Historical. — Richer  (1672)  made  the  first  communication  about  the  gymnotus.  Walsh  {1773,1 
made  investigations  on  the  torpedo^  on  its  discharge,  and  its  power  of  cummunicatit^  a  shock,  j- 
Davy  magnetized  iiarticles  of  steel,  caused  a  deflection  of  the  magnetic  needle,  and  otxained  elcc 
trolysis  with  the  elearical  discharge.  Ilec<iucrel,  Ifrechet  and  Matieucci  stuilied  tbe  <A>nAV«  of 
the  discharge.  Al.  v.  Humboldt  described  the  liubits  and  actions  of  the  gymnotus  of  Sooth  America. 
Hausen  {1743)  and  dc  Sauvagcs  (1744I  Bupp<iMsl  that  electricity  was  the  active  force  in  nenes 
1lie  actual  investigations  into  animal  clcctncity  began  with  G.  Aloisio  (jaJvani  (1791^,  who 
observed  that  frogs'  legs  connected  with  an  electrical  machine  contracted,  and  also  when  they  vcre 
tonched  with  two  different  metals,  He  believed  that  nerves  and  muscles  genenled  elettriciiy. 
Alessandro  Volta  ascribed  the  second  expcnment  to  the  electrical  current  produced  by  the  concaa 
of  dissimilar  metals,  and  therefore  outside  the  tissues  of  the  frog.  The  contracuon  without  DMCab 
described  by  Galvani  was  confirmed  by  Alex.  v.  Humboldt  ( 1798).  I*faff  (1*93  \  tint  olverved  tbt 
effect  of  the  direction  of  the  current  upon  the  contraction  of  a  frog's  leg  obtained  by  stimolattqi  tt> 
nerve.  Bunzen  made  a  galvanic  pile  of  fru^s'  legs.  Tlic  whole  subject  enleieii  on  a  sew  pnM( 
with  the  construction  of  the  galvanumcier  and  since  the  introductKm  of  the  ^ft*!tf<^*  iiillwill 
devised  by  iJu  Bois.Reymond,  1./.,  from  1843  onwards. 
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342.   FUNCTIONAL  CLASSIFICATION  OF  NERVE  FIBRES, 

— As  nerve  fibres,  on  being  stimulated,  are  rapiihle  of  condiining  impulses  in  both 
directions  {§  338),  it  is  obvious  that  the  physiological  position  of  a  nerve  fibre 
must  depend  essentially  upon  its  relations  to  the  peripheral  end  organ  on  the 
one  hand,  and  its  central  connection  on  the  other.  Thus,  each  nerve  is  dis- 
tributed to  a  special  area  within  wliich,  under  normal  circumstances,  in  the  intact 
body^  it  performs  its  functions. 

I,  Centrifugal  or   Efferent   Nerves. — ^a)  Motor. — Those  nerve   fibres 
fhose  perijihcral  end  organ  consists  of  a  muscle,  the  central  ends  of  the  fibres 
being  connected  with  nerve  cells  : — 


1.  Motor  fibres  of  striped  itiuscle  (5  292  to  320). 

2.  Moior  nerves  of  the  heart  [?  S7l. 

3.  Motor  nerves  of  smooth  muBcle,  ^.  ^.,  the  intesdae  (J  i?!}. 
;cial1y  treated  of  in  ^  371. 


The  vasomotor  ner\'cs  are 


(b)  Secretory. — Those  nerve  fibres  whose  peripheral  end  organ  consists  of  a 
secretory  cell,  the  central  ends  of  the  fibres  being  connected  with  nerve  cells. 

Examples  of  secretory  nerves  are  the  secretory  nerves  for  saliva  (^  145)  and  those  for  sweating 
{\  2$g,  II).  It  is  to  Ik  remembered,  however,  that  these  fibres  not  unfrequently  lie  in  the  same 
sheath  with  other  nerve  fibres,  so  thai  stimulation  of  a  nerve  may  give  rise  to  several  results. nccor<l- 
ing  to  the  kind  of  nerve  fihren  present  in  the  nerve.  Thus,  the  secretory  and  vasomotor  nerves  of 
glands  may  be  excited  simultaneously. 

I  (c)  Trophic. — The  end  organs  of  these  nerve  fibres  lie  in  the  tissues  thera- 

^fcelvcs,  and  arc  as  yet  unknown.     These  nerves  are  called  trophic,  because  they 
^Kre  supposed  to  govern  or  control  the  normal  metabolism  of  the  tissues. 

^H  Trophic  Influence  of  Nerves. — The  trophic  functions  of  certain  nerves  are  referred  to  as 
^"imder :  <->n  the  influence  of  the  trigeminus  on  the  eye ;  the  mucous  membrane  of  the  mouth  and 
nose ;  the  face  {?  347);  the  inRuetice  of  the  vngiis  on  the  lungs  (§  352) ;  motor  nerves  on  muscle 
(J  307);  certain  central  organs  upon  certain  viscera  (^  379)- 

Scction  of  certain  nerves  influences  the  erowtb  of  the  bones.  H.  Nasse  found  that,  after  section 
of  their  nerves,  the  bones  showed  an  al>so!ule  diminvilion  of  all  their  individual  constiinents,  while 
there  was  an  increase  of  fat.  Section  of  the  spermatic  nerve  ut  followed  by  degeneration  of  the 
testicle  {N^laion,  Oholemky).  After  extirpation  of  their  secretary  ncr\cs,  there  is  degeneration  of 
the  submaxillary  glands  (p.  237).  Section  of  the  nerves  of  the  cock's  comb  interferes  with  the 
nutrition  of  ihat  urjjan  ( /.t^ros,  Sckiff).  Section  of  the  cervical  sympathetic  nerve  in  youag  groning 
onimats  is  followed  by  a  more  rapid  growth  of  the  car  upon  iliat  side  [Buider,  Siiriing;  Siriiier)^ 
also  of  the  hair  on  lhat  side  {S-fiiff,  Stiriing,  Sig.  A^ffyrr) ;  while  it  is  said  that  the  corresponding 
half  of  the  bram  is  sinallcr,  which,  perhaps,  is  due  to  the  pressure  from  the  dilated  blood  vessels 
( Brmam-  Siqnard) . 

Blood  Vessels. — Lewaschexr  found  that  continued  uninterrupted  stimulation  of  the  sciatic  nerve 
of  dogs,  by  means  of  chemical  stimuli  [threads  di|){>cd  in  sulphuric  acid],  caused  hypertrophy  of 
the  lower  limb  and  foot,  together  with  the  formation  of  oucuristnal  diiatalions  upon  the  blood 
vessels. 

Skin  and  Cutaneous  Appendages. — In  man,  stimulation  or  pAraly&is  of  nerves,  or  degenera- 
tion of  the  gray  matter  of  the  spin.il  cord  [Jariseh),  is  not  unfrequently  followed  by  changes  in  the 
pigmentation  of  the  skin,  in  the  naiU,  in  the  hair  and  its  mode  of  growth  and  color.  [Injury  to  the 
brain,  as  by  a  fall*  someiiines  results  in  paralysi.^  of  the  hair  fullicles,  so  that,  after  such  an  injury, 
the  hair  is  lost  over  nearly  the  whole  of  the  Imdy.]  Sometime*  there  may  he  eruptions  upon  the  skin 
apparently  traumatic  in  their  otigin  [v.  Hitrrns/ruH^,  L^ioir).  Sometimes  there  is  a  tendency  to 
wcutiitiu  {\  379)1  and  in  some  rare  casa  of  tabes  there  is  a  peculiar  degcneratiDn  of  the  joints 
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(Charcot's  dioease).     The  changes  which  take  place  in  a  nerve  septiated  from  its  centre 
scribeU  in  ^  325. 

[Trophoneuroses. — Some  of  the  chief  daia  on  which  the  existence  of  trophic  nerves  U  amafd 
arc  indicated  above.  There  are  many  pathological  conditioni  referable  to  dtaeaicB  or  tDJoria  of 
Dcrves.] 

[Muscles. — As  is  well  known,  paralysis  of  a  motor  nerve  leads  to  nmple  atrophy  of  the  cone*- 
ponding  muscle,  provided  it  he  not  cxrrciKCtl ;  but  when  the  motor  ganglionic  celU  uf  the  antcnor 
bom  ol  the  gray  matter,  or  the  corresponding  cells  in  the  crus,  pons,  and  medulla,  are  poralya 
there  is  an  active  condition  of  atrvipliy  with  proliferaiion  of  the  muscular  nuclei  Progrei 
muscular  atrophy,  or  wasing  palNV.is  another  trophic  change  in  muscle,  whereby  either  indii-ii 
muscle*!  ur  groups  of  muscles  are  one  after  the  other  paralyzed  and  become  atrophied.  In  pseudo- 
hypertrophic paralysis  there  is  cirrhosis  or  increased  development  of  the  connective  lia*>ue,  with 
a  iliniinution  of  the  tntc  miucular  elements,  ao  that  although  the  muacles  increase  in  bylk  their 
power  is  diminished.] 

[Cutaneous  Trophic  Affections. — Among  these  may  be  mentioned  the  occurrence  of  m! 
patches  or  erythema,  urticaria  or  tictilc  rash,  some  forms  of  lichen,  cciema,  the  bulldr  or  blehs  of 
pemphigus,  and  some  forms  of  ichthyosis,  each  of  which  may  ocair  in  limited  areas  after  injury  to 
a  nerve  or  its  spinal  or  cerebral  cccilre  Tlie  relation  l>etween  the  eniption  arid  the  dislrilxnkm  of 
a  nerve  is  sometimes  very  marked  in  herpes  zoster,  which  fre^^ucntly  follows  the  disuibutton  of 
the  intercostal  and  supraorbital  nerves.  Glossy  skin  (/'f?^//.  li'rir  Afit(M^U)\t  a  coiMlition  6t- 
pending  ujion  impairetl  nutrition  and  circulation,  and  Hue  to  injuries  of  nerves.  The  skin  )»  tmootfl 
sml  glossy  in  the  area  of  distribuiton  of  certain  nerves,  while  the  wrinkles  and  f-^lds  have  diup- 
pearcH.  In  myxoederaa,  the  subcutaneous  tissue  and  other  organs  are  infiltrated  with,  whil«  the 
blood  contains  tnucin.     The  subcuuncous  tissue  is  swollen  and  the  patient  jaduli  wik.  '        •  w 

if  suffering  from  renal  dropsy.     There  is  marked  alteraiiun  of  the  ccrcliral  facullic'.  It- 

tion  resemliling  a  "  cretinoid  state,"  occurs  after  the  excision  of  the  thyroid  gland.  \  f.i<»  ;)<>i>^ 
has  &hon-n  that  a  similar  condition  occurs  in  monkeys  after  excision  of  the  thvroid  gland  ({  lot, 
HI).] 

[Laycock  described  a  condition  of  nervous  cedema  which  occurs  in  some  cases  of  hemiplecia, 
and  apparently  it  is  independent  of  renal  or  cardiac  disease.] 

[There  are  alterations  in  the  color  of  the  skin  depending  on  nervous  affections,  including  local- 
i/cii  leucoderma,  where  circumscribeil  patches  of  the  skin  arc  devoid  of  pigment.  The  pigiama- 
tion  of  the  skin  in  Addison's  disease  or  bronzed  skin,  which  occurs  in  some  cases  of  disease  of 
the  suprarenal  capsules,  miy  be  partly  nervous  in  its  origin,  more  especially  when  we  coimder  the 
remarkable  pigmentation  that  occiirs  around  the  nipple  and  some  other  parts  of  the  budy  ilariff 
pregnancy,  and  in  some  uterine  and  ovarian  affections  ( Lt2yirock).'\ 

[In  aiueathetic  leprosy,  the  amvsthcsia  is  due  to  the  disease  of  the  nervous  structure,  which 
results  in  disturbances  uf  motion  and  nutrition.  Among  other  remarkable  changes  in  the  t^in, 
perhaftf  clue  to  trophic  conditions,  are  thoae  of  symmetrical  and  lf)cal  ^angrfH^t  and  acute  decu 
bitus  or  bed  sores.] 

[Bed  sores.-  Besides  the  umple  chronic  form,  which  results  from  over- pressure,  bad  noma;, 
and  mattention  to  cleanliness,  combined  with  some  defect  of  the  nervous  conditions,  there  u 
another  form,  acute  decubitus,  which  is  due  directly  to  nerve  inllucnce  (CItfrro/).  The  lolMf 
usually  appears  within  a  few  hours  or  days  of  the  cerebral  or  spinal  lesion,  and  the  whole  cycle  of 
changes — from  the  appearance  n(  erythematous  dusky  [>atch  to  inflammation,  ulcentttnn.  and  gir- 
grcnc  of  the  buttock — are  completed  in  a  few  days.  An  acute  l<d  sore  may  form  when  every  at 
tention  is  paid  to  the  avoidance  of  pressure  and  other  unfavorable  conditions.  When  it  de^vnilsoe 
cerebral  affcaions  it  begins  and  develops  rapidly  in  the  centre  of  the  gluteal  resion  on  the  paralyrt^ 
side,  but  when  it  is  due  to  disease  of  the  spinal  cord,  it  forms  more  in  the  middle  line  in  the  sacnl 
region;  while  in  unilateral  spiual  lesions  it  occurs  not  on  the  paralyze*!,  but  on  the  aiixnjhetic  ■»)<. 
a  fact  which  seems  to  show  that  the  tnphic.  like  the  sensory  fibres,  d ecus  ale  in  the  cord  (^hi).] 

[^There  arc  other  forms  due  to  nervous  disease,  including  symmetrical  gangrene  and  weal 
aspliyxia  of  the  terminal  parts  of  the  l^dy.  ^uch  as  the  toes.  nose,  and  external  ear,  caused,  pertMfi 
by  ^panm  of  the  s-mM  ancri<iles  (Raynaud's  disease)  ;  and  the  still  more  corioos  fi^nTJlH*  tl 
perforating  ulcer  of  the  foot.] 

[Hemorrhage  of  nervous  onuin  sometimes  occurs  in  the  skin,  including  ihcHe  that  occur  in  loco- 
motor ataxia  after  severe  attacks  of  pain,  and  hseraatoma  aurium,  or  the  insane  ear,  which  b 
si>ecially  common  in  getieral  paralytic^.] 

(d)  Inhibitory  nerves  are  those  nerves  which  modify,  inhibit,  or  suppress  1 
motor  or  secretory  act  already  in  progress. 

Take  as  an  example  the  effect  of  the  vagus  upon  the  action  of  the  heart.  Siimolalion  of  the 
peripheral  end  of  the  vagus  causes  the  heart  to  stand  still  in  diastole  {I  851;  the  tfftct  of  tbt 
splanchnic  upon  the  intestinal  movements  ({  161).  The  v.i&o-dilator  nerves,  or  those  whcM  sKian- 
latiun  is  followed  by  dilatation  of  the  blood  vessels  of  the  area  which  they  supply,  are  letenei  10 
specially  in  $  237. 

[There  is  the  greatest  uncertainty  as  to  the  nature  and  mode  of  action  of  inhibitory  ocrvct. 
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but  take  the  vagus  as  a  type,  which  depresses  the  function  of  the  heart,  as  shown  by  the  slower 
rhythm,  ihminution  of  the  cuntractions.  relaxation  of  the  muscular  tluue,  lowering  of  the  excitahility 
and  conduction.  These  phenomena  are  not  due  to  exhaustion,  (jaskell  poinu  out  thai  ihc  action 
is  bcneBcial  in  its  after  ejects,  so  that  this  nerve,  although  it  causes  diminished  activity,  is  followed 
by  repair  of  function,  so  that  he  group^  it  as  an  anabolic  nerve,  the  outward  symptoms  of  cessation 
of  function  indicating  that  constructive  chemical  changes  arc  going  on  in  the  tissue.] 

(e)  Thermic  and  electrical  nerves  have  also  l^een  surmised  to  exist. 

f  [Goskell  classifies  the  efferent  nerves  differently.  Besides  motor  nerves  to  striped  muscle,  he 
groups  them  as  follows: — 

I.  Nerves  to  vascular  muscles. 
{a\    Vato-mi'tor^  i.  <■..  vaso-constrictor,  accelerators  and  augmentors  of  the  heart. 
(3)    laso-inAifii/orv,  f.  ^.,  vaso-dilators  and  inhibitors  of  the  heart. 

s.  Nerves  of  il»e  visceral  muscles. 

fa)    I'ucero  motor. 
6)    Viscera  inhibitory. 

3,  Glandular  nerves.] 

[Other  terms  anr  applied  to  nerves  with  reference  to  the  chemical  changfes  they  excite  in  a  tis- 
sue in  which  they  terminate.  The  ordinary  metalxilism  is  the  resultant  of  two  processes,  one  con- 
structive the  other  destructive,  or  of  assimilation  and  dissimilation  respectively.  The  former  process 
is  anabolism,  Ihc  latter  katabolism.  A  motor  nerve  excites  chemical  destructive  changes  in  a  mus- 
cle, and  is  so  far  the  katabolic  nerve  of  that  tissue  ;  in  the  same  way  the  sympathetic  to  the  heart, 
by  causing  more  rapid  contraction,  is  also  a  katabolic  nerve,  while  the  vagus,  as  ii  arrests  the  heart's 
action,  brings  ahont  a  constructive  metabolism  of  the  cardiac  tissue,  is  an  anabolic  nerve 
{Giuifli).] 

II.  Centripetal  or  Afferent  Nerves. — [ai  Sensory  Nerves  (sensory  in 
the  narrower  sense),  which  by  means  of  special  end  organs  conduct  sensory 
impulses  to  the  central  nervous  system. 

.  (b)  Nerves  of  Special  Sense. 
^  (c)  Reflex  or  Excito-motor  Nerves. — 
When  the  periphery  of  one  of  these  nerves  is  stim- 
ulated, an  impulse  is  set  up  which  is  conducted 
by  them  to  a  nerve  centre,  from  whence  it  is  trans- 
ferred to  a  (entrifugal  or  efferent  fibre,  and  the 
mechanism  (I,  a,  b,  c,  d)  in  connection  with  the 
peripheral  end  of  this  efferent  fibre  is  set  in  action ; 
thus  there  are — Reflex  motor.  Reflex  secre- 
tory, and  Reflex  inhibitory  fibres.  [Fig.  380 
shows  the  simplest  mechanism  necessary  for  a  reflex 
motor  act.  The  impulse  starts  from  the  skin,  S, 
travels  up  the  nerve  n,/,  to  the  nerve  centre  or 
nerve  cell,  N,  situate  in  the  spinal  cord,  where  it 
is  modified  and  transferred  to  the  outgoing  fibre,  e^f^  and  conveyed  by  it  to  the 
muscle,  M.] 

III.  Intercentral  Nerves. — These  fibres  serve  to  connect  ganglionic  centres 
with  each  other,  as,  for  example,  in  coordinated  movements,  and  in  extensive 
reflex  acts. 


Fig.  380. 


Scheme  or  a  reflex  motor  act.  8,  skin: 
«, /■.  sffcrctil  uerve  ;  N.nerrecell;  t,/^ 
enerent  fibre. 


THE  CRANIAL  NERVES.— 343.  I.  NERVUS  OLFACTORIUS— Anatomical.— 
The  three-sided,  prismatic,  tractus  olfactorius  lying  in  a  fjioove  on  the  under  surface  uf  the  frontal 
lohe,  arises  liy  means  of  an  inner,  outer,  and  ujiper  root,  from  the  iui>er  olfactorium  (Kig.  385.  I). 
The  tractus  swells  out  u|x>n  the  cribriform  plate  of  the  ethmoid  bone,  and  becomes  the  bulbuB 
olfactorius,  which  is  the  analogue  of  the  special  portion  of  the  brain,  cxisling  in  diffcreni  mamraala 
with  a  wen-devclojjecl  sense  of  s\i\t^\  {Gratiotet).  From  twelve  to  fifteen  olfactory  filament* pass 
through  the  foramina  in  the  cribriform  plate  of  the  ethmoid  bone.  At  first  they  lie  between  the  peri- 
osteum and  the  mucous  memhrnne,  but  in  the  lower  third  of  their  course  they  enter  the  mucous 
memlirane  of  the  regio  olfactoria.  I'he  bulb  consists  of  white  matter  below,  and  above  of  gray 
matter  mixed  with  small  fpiodlc-shapcd  ganglionic  cells.  Menle  describes  six,  and  Meynert  eigtu 
layers  of  nervons  matter  seen  on  tran-iverse  section.  [The  centre  for  smell  lies  in  the  tip  of  the 
uncinate  gyms  on  the  inner  surface  of  the  cerebral  hemisphere  {Ferrier).  According  to  Hill,  the 
three  roots  of  tfac  olfactory  bulb  stream  backward,  the  inner  one  is  small,  the  middle  one  is  a  thick 
bundle,  which  grooves  the  head  of  the  caudate  nucleus,  curves  inward  to  the  anterior  commi<isure, 
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and  CTtmes  Ha  this  commiuure  where  it  decus&aies.  aad  paises  to  (he  extremity  of  (he  teni|nt»- 
iphenoiHal  lohc.  The  outer  roots  fMiu  trannventely  into  the  pyrifortn  lube,  thence  ?■»  the  fonui, 
corpora  albicantin,  the  bundle  of  Vicq  d'Azyi  into  the  anterior  end  of  (he  optic  thjJaraui.  \\SS 
also  points  oul  that  the  elements  contained  in  the  olfactory  bulb  ore  idenlicol  with  those  couvMd 
in  the  four  outer  layers  of  ihc  retina.] 

Function. — It  is  the  only  nerve  of  smell,  rhysiologically,  it  is  excited  only 
by  gaseous  odorous  bodies — {S^nse  of  Stneli^  §  420).  Stimulation  of  the  nerve, 
by  any  other  form  of  stimulus,  in  any  part  of  its  course,  causes  a  sensation  of 
smell.  [It  also  conveys  those  impressions  which  we  call  flavors,  but  in  this  case 
the  sensation  is  combined  with  impressions  from  the  organs  of  taste.  In  this  case 
the  stimulus  reaches  the  nerve  by  the  posterior  nares.]  Congenital  absence  or 
section  of  both  olfactory  nerves  abolishes  the  sense  of  smell  (easily  perfonncd 
on  young  animals. — Biffi). 

Patholog^icol. — The  term  Hyperosmia  is  applied  to  cases  where  the  sense  of  smell  is  cscev 
sively  and  abnormally  acute,  to,  in  some  hyMcrical  persons, and  in  cases  wherethcre  is  s  purely  Ht>- 
jective  s«nse  of  smell,  a»  in  some  insane  persons.  The  latter  is,  perhaps,  due  to  ao  ftbnonnsl  stim- 
ulation of  the  cortical  centre  {}  378,  IV).  Hyposmia  and  Anosinia  (1.  t.,  diminution  and  Abo- 
lition of  the  sense  of  smell)  may  be  due  to  mechanical  causes,  or  to  over-slimulolinn.  Strvchoin 
sometimes  increases,  white  morphia  diminishes,  the  sense  of  smcU.    [Method  of  Testing,  \  421.] 

344.  II.  NBRVUS  OPTICUS.— Anatomical— The  tractus  opticus  (tig.  38$,  Itj  triMS 
by  a  numt>er  of  fibres  from  the  tnticr  ^ray  suljstance  of  the  ihalamu;.  opticus,  ind  the  antcnor  cor- 
pora qumlrigemina ;  other  bbres  cover  these  ^ructurcA  in  (he  form  of  a  thin  plaie  nf  nervons  matter. 
The  corpora  geniculaia  (Kig.  3S5, 1,  e\  form  ganglia,  intercalated,  as  it  were,  in  the  courw  of  cer- 
tain of  the  fibres.  Another  set  of  tibres,  quite  distinct  from  the  foregoing,  posses  lietween  the  boo- 
dles of  the  cms  cerebri,  and  reaches  the  multicellular  nucleus  within  the  tegmentum  of  the  cnis 
{corpus  snbthaUmicum).  (Hher  fibres  are  said  to  (loss  to  the  spinal  cord,  directly  through  the  med- 
ulla oblongata,  without  the  intervenlioD  of  any  gray  maUer.  They  are  said  by  Stilling  to  reach  ■ 
far  ns  the  decussation  of  the  pyramids.  According  to  this  view,  the  o\A\c  nerve  has  a  spaoal  raoi, 
which  explains  the  relation  of  stimulation  uf  the  retina  to  the  itiUtor  of  the  iris.  A  brood  tmsidk 
of  fibres  pas^ses  from  the  origin  of  the  optic  tract  to  tlie  cortical  psycbo-optJc  centre,  at  the  tpct 
of  the  occipital  lotic  {Wernicke — \  379,  IV). 

The  Optic  Tract  bcnd^  round  the  pedunculas  cerebri,  where  it  unites  with  its  fellow  of  the  oppo- 
site side  to  form  the  chiasma. 

[Connections  of  Optic  Tract. — There  is  very  considerable  difficulty  in  ascertainiog  the  essd 
origin  of  all  t}ie  fibres  of  the  optic  tract.  Although  as  yet  the  statement  of  i«ratk>let  is  not  provtd, 
that  the  opUc  tract  is  directly  connected  with  every  part  of  the  cerebral  hemisphere  in  man.  from 
the  frontal  to  the  occipital  lobe,  still,  the  researches  of  D.  J.  Ifamilion  have  shown  that  tis  connec- 
tions are  very  extensive.  It  is  certain  that  some  of  them  arc  ganglionic,  r./.,  connected  with  (he 
ganglia  at  the  b.-isc  of  the  brain,  while  others  arc  <orli(al,  and  form  connections  with  the  cortci 
cerebri.     The  ganglionic  hbres  ari^  from  the  corpora  genicnlata,  pulvinar  and  anterior  ootpon 

auadrigcmina,  and  probably,  also,  from  the  substance  of  the  thalamus.  The  cortical  libres  yoka 
le  ganglionic  to  funn  the  optic  tract  According  to  D.  J.  IIauiiltoi),thc  connection  with  the  cones 
in  the  frontal  region  is  brought  about  by  "  Meynert's  commissure."  llie  latter  arises  directly  frno 
the  lenticular-nucleus  loop,  decussates  in  the  lamina  cinerca,  and  passes  into  the  optic  oerve  of  the 
(^posite  side.  The  IcDlicular-nuclcus  loop  is  fonned  below  the  lenticular  nucleus  t»y  the  junctitn 
of  the  strix  medullares ;  the  strix  medullares  form  part  of  the  5bres  of  the  internal  capsule,  and  ihr 
inner  capsule  is  largely  composed  of  5bTes  descending  from  the  cortex.  Hamilton  also  asicns  thit 
other  cortical  connections  join  (he  tract  as  it  winds  round  the  pcdunculus  cerebri,  and  they  indiide 
(/i)  a  large  mass  of  hbres  coming  from  the  motor  areas  of  the  opposite  cerebral  hemisphere,  croMfaf 
in  the  corpus  callosum,  entering  the  outer  capaute,  and  joining  the  tract  directly  ;  (^1  lilfres  ttinCinl 
it  to  the  temporo- sphenoidal  lobe  of  the  same  side,  especially  the  first  and  second  temporo-spheaoidij 
convolutions:  (i-^  fibres  to  the  gyrus  hippocampi  of  the  same  ude;  (1/)  a  large  leash  of  AUcs 
forming  the  "optic  radiation"  of  Gratiolet,  which  connect  it  directly  with  the  Lip  of  the  occi[al>l 
lobe.  There  are  probably  also  indirect  connections  with  the  occifMtal  region  through  sotae  of 
the  basal  ganglia.  Although  some  observers  do  not  admit  the  connec^ons  with  the  froetal 
and  spfacDotdal  lobes,  all  arc  agreed  as  to  its  connection  with  the  occipital  by  means  of  tlK 
•'  optic  radiation."} 

[The  Optic  Radiation  of  Gratiolet  ts  a  wide  strand  of  fibres  expanding  and  terminottne  m  the 
occipital  lut>es.  It  is  composed  of,  or,  stated  otherwise,  gives  bnuichcs  to  (a)  the  optic  tract  ilireclli. 
{k)  Uie  corpus  geniculatum  internum  and  externum,  (<)  to  the  pulvinar  and  substance  of  the  thal- 
amus, (1/)  a  direct  sensitive  band  ( Meynert's  "  sensitive  l>and  ")  to  the  potfcrior  third  of  the  porte- 
riiir  limb  of  the  inner  Capsule,  (/)  fitires  which  ruu  between  the  island  of  Retl  aud  the  tip  o^  the 
occipital  lobe  {D,  J.  HamUtpn')^ 
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Fig.  381. 
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Scheme  or  the  wini-flecusialion  of  (he  opiic 
nerves.   L    y(..  left  eye;   A^.  y1.,  right  eye. 


Chiasma. — The  extent  of  the  decussation  of  the  optic  fibres  in  the  chiasma 
is  subject  to  variations.  As  a  rule,  rather  more 
than  half  of  the  fibres  of  one  tract  cross  to  the 
optic  nerve  of  the  opposite  side  (Fig.  381),  so 
that  the  left  optic  tract  sends  fibres  to  the  left 
half  of  both  eyes,  while  the  right  tract  supplies 
the  right  half  of  both  eyes  (§  378,  IV).  [Thus, 
the  corresponding  regions  of  each  retina  are 
brought  into  relation  with  one  hemisphere.  The 
fibres  which  cross  are  from  the  nasal  half  of  each 
retina.] 

Hence,  in  man,  the  dcstrtictton  of  one  optic  tract  (and. 
its  central  conlinuatton  in  the  occipital  lobe  of  the  cere. 
brum)  produces  "equilateral  or  hornonymous  hemU 
opia."  Id  the  doi;  and  cat  Uicrc  is  a  semi-ileciis&iuion; 
hence,  in  these  animals  extirpation  of  one  cyeltall  causes 

atrophy  and  degeneration  of  half  of  the  nerve  fibres  in  lioth  optic  tracts  {Gtui<ifH).  Baumgarttn 
and  Mohr  have  oliservcd  a  iimilor  result  in  man.  A  sagittal  section  of  ihe  chiasma  in  the  cat  pro- 
duces partial  blindness  of  both  e>es  {NUtiti\.  Accordine  to  GuHdcn.  ihc  fibres  which  decussate 
are  more  numerous  thon  those  which  do  nat,  although  J.  Stilling  maintains  that  they  are  only  slichtiy 
more  numerous.  According  to  J,  SchilliiiR,  the  decussating  fibres  lie  in  the  central  axis  of  the 
nerve,  while  those  which' do  not  decussate  form  a  layer  arcmnd  the  former. 

Other  observers  maintain  that  there  is  complete  drcussaiion  of  all  the  6bre$  in  the  chiasma. 
Hence,  section  of  one  optic  nervt  cause.^  dil«ation  of  the  pupil  and  blindness  on  the  iome  side,  while 
sectitm  of  one  optic  tract  causes  dilatation  of  the  pupil  and  blindness  of  the  opposite  eye  {A'no/Zt 
Brown  SiquarJ^  Mnndflxtumm).  In  o-seous  fishes,  lioth  optic  nerves  are  isolated  and  merely  cross 
over  each  other,  while  in  the  cyclostomata  they  do  no*  cross  at  all.  [Total  decussation  occurs  in 
iboie  animals  where  ihe  eyes  do  not  act  together.] 

Injury  of  the  external  geniculate  body  and  section  of  the  anterior  bracbium  have  the  same  effect 
as  section  of  the  o|)tic  tract  of  the  same  side  {\  359 — Berhtemc). 

In  very  rare  cases  the  decussation  is  abseni  in  man,  so  that  llie  right  tract  passes  directly  into  the 
right  eyeball,  and  the  left  into  the  left  eyelMll  { t^esaii$*s,  Ca/t/ami,  LSsei)^  the  aight  nol  being  inler- 
fered  with  (  Vesalius). 

It  is  quite  certain  that  the  individual  fibres  do  not  divide  in  the  chtasma.  Two  commissures,  the 
inferior  commissure  (  GudJfn)  and  Mcynert's  commissure,  unite  both  optic  tracts  further  back. 

[A  K|xcial  commvtsure  (C.  inferior)  extends  in  a  riirved  fonn  ncro^  the  posterior  angle  of  the 
chiasma  (GMdJfH),  It  dues  not  degenerate  after  enuclcaiion  of  the  eyeballs,  so  that  it  is  regardrd 
as  an  interceniral  conneclion.  After  excision  of  an  eye.  there  is  central  degeneration  of  the  fibris 
of  the  optic  nerve  entering  the  eyeball  [Ouditen],  and  in  man  about  the  half  of  the  fibres  in  the 
corresponding  optic  tract  [BaMmgarten,  Mohr).  After  section  of  both  uplic  nerves,  or  enucleation 
of  both  eyelulls.  there  is  a  degeneration,  proceeding  centrally,  of  the  whole  optic  tract.  The 
degeneration  extends  to  the  origins  in  the  corpora  quadrigemina,  corpora  genlculata.  and  pulvinnr, 
but  not  into  the  conducting  paths  leading  to  the  cortical  visual  centre  {v.  Monukoio)  (^  378, 
IV.  I).] 

Kemiopia  and  Hemianopsia. — \\*hen  one  opUc  tract  is  interfered  with  or  divided,  there  is 
inlcrfercnce  with  or  loss  of  sight  in  the  lateral  halves  of  both  retinae,  the  blind  pan  being  separated 
from  the  other  half  of  the  field  of  viiiiun  by  a  vertical  line.  When  it  is  spoken  of  as  paralysis  of 
one  half  of  ilie  retina,  the  term  kemiopia  is  applied  to  it ;  when  with  reference  lo  the  field  of  vision, 
the  term  kemianepsia  ia  used  (see  Eye).  Sup]>osc  the  left  optic  tract  to  be  divided  or  pressed  upon 
by  a  tumor  at  K  (Fig  3S2),  then  the  outer  lialf  of  the  left  and  the  inner  half  of  the  right  eye  are 
Mind,  causing  right  lalerai  He/nianepsia,  i.  e.,  the  two  halves  arc  affected  which  correspond  in  ordi- 
nary vision,  so  Uiat  the  condition  15  .ipokcn  of  as  homonymaus  hemianopsia.  Suppose  the  lesion 
to  be  at  T  (Pig.  jSa},  then  there  is  paralysis  of  the  inner  halves  of  i\'rh  eyes,  causing  doui'lf  tern- 

Cat  hemianopsia.  When  there  are  two  lesions  at  N  M,  which  is  very  rare,  the  cuter  halves  of 
h  retime  are  paralyzed,  so  that  there  is  Hcuhle  nasal  hemianopsia.  In  order  to  explain  some  of 
the  eye  sym^jtoms  that  occasionally  occur  in  cerebral  disease,  Charcot  has  supposed  that  some  nf  the 
filAYs  which  pass  from  the  external  geniculate  body  to  the  visual  centres  in  tne  occipital  lube  cross 
behind  the  corpora  c|uadrigeimna,  and  this  is  represented  in  the  diagram  as  occurring  at  T  Q,  in 
the  cofpora.  quadrigemina.  On  this  view,  all  the  occipital  conical  fibres  from  one  eye  would  ultt> 
malely  pass  lo  the  cortex  of  the  occipital  lobe  of  the  opi>osite  hemisphere.  This  view,  however,  by 
no  means  explains  all  the  facts,  for  in  coses  of  homonymous  hemianopsia  the  point  of  central  vision 
on  both  sides,  1.  /•.,  twth  macule:  lutese  are  always  una^ected ;  so  that  it  is  auumed  that  each  macula 
lotea  is  connected  with  both  hemispheres.  The  second  crossing  suggested  by  Charcot  proljably  does 
not  occur.     [Affcctioos  of  the  optic  ner>'e,  1'.  e.,  between  lIic  eyeball  and  the  chiasms,  1.  e.,  in  the 
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orbit,  o|)Hc  foramen,  or  within  the  skull,  afTcd  one  eye  only:  of  the  middle  of  the  chutaM,aiii 
lemporal  hemiopia;  of  the  opiic  tract,  between  the  chiasma  and  occipital  cortex,  hemiofna,  vbkk 
is  always  syminelrical  (  Goto^rs).'] 

Manic  ■a'piM&es  '.hit  there  are  three  areas  in  the  retina  corresponding  to  three  corticaJ  vuul  vfhaa,    ' 

or  parts  of  the  visual  centre  in  the  occipital  lobe  (dog)  {\  376). 

Function. — The  optic  nerve  is  the  nerve  of  sight;    physiologically,  it  *b 

excited   only   by  the  transference  of  lit 
^"'    >*^^  vibrations  of  the  ether  to   the   rods  ioi 

cones  of  the  retina  (^  383).     Every  other 
form  of  stimulus,   when    applied    to  the 
nerve  in  its  course  or  at  its  centre,  causes 
the  sensation  of  light.      Section  nr  dfi^en- 
eration  of  the  ner\'e  is  followed  hy  blind- 
ness.     Stiraulation    of    the    optic    ncrtt 
causes  a  reflex  contraction  of  the  pupiU. 
the  efferent  nerve  being  the  oculomotortus 
or  third  cranial  nerve.     If  thestiinalusbe 
very  strong,  the  eyelids   are   rinsed  and 
there  is  a  secretion  of  tears.     The  itiflo- 
ence  of  light  upon  the  general  roctabolisoi 
is  stated  at  ^  127,  9.  * 

As  the  optic  nerve  has  special  and 
independent  connections  with  the  so-called 
psycho-optic  centre  {§  37S,  IV),  as  well  as 
with  the  centre  for  narrowing  the  pupil 
{§  345),  it  is  evident  that,  imdcT  patho- 
logical cirrumstanres,  there  may  be, 
on  the  one  hand,  blindness  with  retention 
of  the  action  of  the  iris,  and  on  the  other 
loss  of  the  movements  of  the  iris,  the 
sense  of  vision  being  retained  (  ti'rrmch). 

Pathological. — Stimulation  of  almost  the  wbolc 
of  the  nen-uufi  apfianiuft  may  cause  cKceaaivc  m- 
stUlity  pf  the  visual  apporaius  ( krf>efwt$M» 
r//rV(i),  or  even  visual  impressions  of  the  most  varied  kinds  (phoiopsia,  chromatopsial.  wUdi 
in  cases  of  stimulation  of  the  p^ychoopiic  centre  may  ticcome  actual  vi»ual  nallucinaiionk  (|  17ft. 
IV).  Malenal  chani;e  in.  and  inflamTnaiinn  of,  the  nervous  apparatus  are  often  fbllowrd  m  a 
nervous  weakness  of  vision  (amblyopia),  or  even  by  blindness  {amaurosis).  Both  coadkiom, 
however,  may  Ije  the  itfin>  (tf  disturbances  of  other  organs,  x./.,  ihcy  arc  "  sympathetic  **  iitfsa,dttr, 
it  may  be  to  chaofjes  in  the  movement  of  the  blood  stream,  depending  upon  stimuKir  ''  '  ■  vva- 
motor  nerves.     The  discovery  of  the  partial  origin  of  the  optic  ner\-c  from  the  >.pii  -iim 

the  occurrence  of  amblyopia  (with  partial  atrophy  of  the  optic  nerve)  in  disease  of  i..^  .y.^».  omI. 
e'>|teci:)lly  in  tabes.     Many  poisons,  such  as  lead  and  atcot)ul,  di6.turb  viMuri.     Hetncralopte  asd 
Nyctalopia. — There  are  remarkable  intermittent  forms  of  amaurosis  known  as  day 
(hemcralopiai,  which  occurs  in  some  diseases  of  the   liver  [and  is  sometimes  tusociatcd 
incipient  cataract.     The  person  can  see  better  in  a  dim  li)>ht  than  during  (he  day  or  In  a 
U};ht.     In  night  bindneAS  (nyctalopia),  the  person  cannot  see  at  night  or  in  a  dim  light.  iHiilv 
vision  is  good  during  the  day  or  in  a  bricht  light.     It  defends  upon  disorder  of  the  eye  iuelf, 
is  usually  associated  with  imperfect  conditions  of  nutrition. 


Piigrani  uf  ihc  ilocuttalion  of  ihe  ojiiic  imcu.  T, 
•emi-Occuvution  in  the  chw«niii:  TU.  decuKUU 
tu>n  i)(  librct  t)ctitn<1  lh«  cK(.  BenicuUte  Ixxlles 
{CQ) :  a'j,  lilirc^  whkli  do  ruit  dcciiiftaic  In  ihr 
chlatma:  h'  n',  fibrei  pmcceding  from  ihe  right 
r^'c.  mill  cnminy  moodier  in  the  left  hemtophefc 
(U>t;i:  Luc.  K,  lc«ioa  of  the  left  optir  tmcl 
prodiKiinc  rl^ht  iatenit  henumopiia  ;  A,  Icftk'n  in 
thelen  he■ni^|>hc^c;  |i(y>()ucJ»c  crmvcd  »tnbIyot>ia 
(righi  eye)  ^  T,  Icsinn  producing  temporal  ne- 
tniano|»ia  :  NN,  Icmuii  producing  nasjil  hcmUn- 
op«ia. 


345.  III.  NERVUS  OCULOMOTORIUS.— Anatomical.— It  savings  from  the 
motoriuit  nucleus  (unilcd  with  that  of  the  trochlearU),  which  is  a  direct  continuation  of  the  antarlo 
horn  of  the  spinal  coni,  and  lies  under  the  a>^ueduct  of  Sylvius  (Fig.  3S5).  [The  motor  aodeM 
(Fig.  ;^84)  gives  origin  to  three  set*,  of  libre%  for  (t)  the  most  of  the  muscles  of  the  eyeballs  (3) 
the  K{>hincter  ^Htpillx,  (3)  ciliary  muscle.  The  nucleus  of  the  3d  and  4th  nerves  is  alao  conorCteJ 
with  that  of  t)ie  6th  under  the  iter,  so  that  all  the  nerves  to  the  ocular  muscles  are  thus  coreliiad  * 
their  centres.] 

The  origin  is  connected  with  the  corpora  qiiadrigemina,  lo  which  the  inlraorular  6hm  nurjr  be 
traced,  and  also  with  the  lenticular  nucleus  thn^ugh  the  pedunculut  cerebri.  Ileyond  ibc  pool  ft 
appears  on  the  inner  side  of  the  cerebral  peduncle  between  the  superior  cetcl*etlar  and 
cerebral  arteries  (Fig.  385,  III). 
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Function. — It  contains — (i)  the  voluntary  motor  fibres  for  all  the  external 
muscles  of  the  eyel)aUs — except  the  external  rectus  and  superior  oblique — and  for 
the  levator  palpebra;  snpcrioris.  The  coordination  of  the  movements  of  both 
eyeballs,  however,  is  independent  of  the  will.  (2)  The  fibres  for  the  sphincter 
pupiliix^  which  are  excited  reflcxly  from  the  retina.  (3)  The  voluntary  fibres  for 
the  muscle  of  accommodation,  the  tensor  choroidcae  or  ciliary  muscle.  The  intra- 
bulhar  fibres  of  2  and  3  proceed  from  the  branch  for  the  inferior  obli(]ue  muscle, 
as  the  short  root  of  the  ciliary  ganglion  (Fig.  386).  They  reach  the  eyeball 
through  the  short  ciliary  nerves  of  the  ganglion.  V.  Trautvctter,  .-Vdamilk,  Hcn- 
scn  and  Volckers  obierved  that  stimulation  of  the  nerve  caused  changes  in  the 
eye  simitar  to  those  which  accompany  near  vision.  The  three  centres  for  the 
muscle  of  accommodation,  the  sphincter  pupi11;e  and  the  internal  rectus  muscle, 
lie  directly  in  relation  with  each  other,  in  the  most  posterior  part  of  the  floor  of 
the  third  ventricle  {ffensrn  and  l^/ckers). 

The  centre  for  the  reflex  stimulation  of  the  sphincter  fibres  by  light  is  said  to 
be  in  the  corpora  quadrigemina,  but  newer  researches  locate  it  in  the  medulla 
oblongata  (§§  379,  ^92).  The  narrowing  of  the  pupil,  which  accompanies  the 
act  of  accommodation  for  a  near  object,  is  to  be  regarded  as  an  associated  move- 
ment (§  392,  5). 

Anastomoses. — In  man  the  nerve  anastomoses  on  the  sinus  cfvemosus  with  the  ophthalmic 
branch  of  ihc  Irigi-minus.  whcrfby  it  receives  iensf^ry fibrex  for  the  muicfes  lo  which  il  is  distrihuicd 
( I'altnttMt  A»ii%miik)^  with  the  sympathetic  through  the  carotid  plexus,  and  (?)  indirectly  through 
the  atxlucens,  whcreliy  it  receive*  vasomotor  fibres  (7). 


Fig.  383. 


®(I) 


InfcTior 
rcctiu. 


Superior 
oblique. 


Varieties. — In  S4>me  rare  casm  the  papillary  fibres  for  the  sphincter  run  in  the  abducens 
{Adamdh),  or  even  in  ilie  irigeiniims  (^Sehiff^  v.  CrJtfe). 

Atropin  parol  z.-s  the  intrabulbar  fibres  of  the  oculomotorius,  while  Calabar 
bean  stimulates  them  (or  paraljzes  the  sympathetic,  or  both — compare  §  392). 

Stimulation  of  the  nerve  which  causes  contraction  of  the  pupil,  is  best  demonstrated  on  the  decapi- 
tued  and  opened  head  of  a  bird.  The  pupil  is  dilated  in  paralysis  of  the  oculomotorius,  in  asphyxia, 
sudden  cerebral  enfcmia  {e-  g-,  by  ligature  of  the  carotids,  or  beheading),  sudden  venous  conges- 
tion, and  at  death. 

Patbological. — Complete  paralysis  of  the  oculontutorius  is  followed  by — (1)  drooping  of  the 
upper  eyelid  (Ptosis  paralytica):  f 2)  immobility  of  the  eyeball;  (3]  S(|Uin(ing  (strabismus)  out- 
ward and  downward,  and  consenuenily  there  ik  rinubit;  vision  (diplopia) ;  (4)  slight  protrusion  of 
the  eyeball,  because  the  action  n(  the  superior  oblique  muscle  in  pulling  the  eyeball  forward  is  no 
lunger  compcnsaicil  hy  the  action  of  three  paralyzed  recti  muscles.  In  animals  provided  with  a  re- 
tractor hulbi  muscle,  the  |>roirB»iiin  of  ihe  eyelml)  is  more  pronounced  ;  (^)  moderate  dilatation  of 
the  pupil  (mydriasis  paralytica);  (6j  the  pupil  docs  not  contract  lo  light;  (7)  inability  to  ac- 
commiMlatc  for  a  near  object.  Il  is  to  be  noted,  however,  thai  the  paralysis  may  be  cooGned  to 
individual  branches  of  the  nerve.  /.  f.,  there  may  l>e  incomplete  paralysis. 

[Squinting. — In  paralysis  of  the  Superior  Rectus  the  eye  cannot  be  moved  upward,  and 
especially  upward  and  ouiward.  There  is  diplopia  on  looking  upward,  the  false  image  tieini;  above 
llie  true,  and  turned  lo  the  right  when  the  left  eye  h  afTccted  (Hg.  383.  3).  Inferior  Rectus.— 
Defect  of  downward,  and  especially  downward  and  owtward  mDvemcnl.thc  eye  beinij  directed  up- 
ward and  ouiward.  Diplopia  wiih  cro»«d  images,  the  false  one  is  l>elnw  the  true  image  ami  placed 
obliquely,  being  turned  to  the  left  when  the  left  eye  is  afTccted.  IHplopia  is  most  troublesome  when 
tlic  ol>ject  is  below  the  line  of  vision  {Fig.  3S3,  5).  Internal  Rectus. — Defective  inward  move- 
ment, tlivergent  vjuint,  and  diplopia,  the  images  being  on  the  same  plane,  the  fal<>e  one  to  the 
patient's  tight  when  the  left  eye  is  affected.     The  head  is  turned  to  the  healthy  side  wbeo  looking 
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si  an  object,  while  ihere  Is  secondtry  devialion  of  the  heolthy  eye  outward  f  Fi|£.  383.  1).  Infcrter 
oblique  15.  rare,  the  eye  u  turned  slightly  downwafd  and  inward,  and  dercctive  movement  upwwd, 
Diplopia  with  (he  falw;  image  above  the  true  one.  especially  on  lookind  upward  ;  the  false  imaje  b 
oblique,  and  directed  lo  the  patient's  left  when  the  left  eye  is  atTected  1  Fin-  ^S^,  4).] 

The  black  croas  reprcM^ots  the  true  image,  the  thin  croa  the  false  image.  The  left  eye  it  aflMol 
in  all  cases  [Brtsttno). 

Stimulolion  of  the  branch  supplying  the  levator  patpebm:  in  man  causes  lagophthalmua  ipu- 
ticus.  while  stimulation  of  the  other  motor  librcs  caufves  a  corresponding  strabismus  mastievi. 
This  latter  form  of  vjuinting  may  l>c  caused  also  reflexly— r.  4^.,  in  lecihing,  or  in  CA>C3  of  diinbixi 
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in  children ;  [the  presence  of  worms  or  other  source  of  irritation  in  the  intestines  of  chtldzva  it  1 
frequent  cause  of  squinting.]  Clonic  spasms  occur  in  hotk  eyes,  and  also  as  invuluntuy  uwnaKKI 
of  the  eyeballs  coaMituting  Qyatagmua,  which  maybe  produced  by  stimuUtioo  or  the  cnrpan 
quailrigcmina.  as  well  as  by  other   means.     Tonic  contraction  of  the  sphincter  pn;  -Jled 

myosis  spastica,  and  clonic  contraction,  hippus.  Spasm  of  the  muscle  of  accomm  >aij 

muscle}  is  sometimes  observed  ;  owing  to  the  imperfect  judgment  of  dutancc,  this  coniiiiion  1 
unlrc]ueiitly  associated  with  macropia. 

[Conjugate  Deviation. — Some  movements  are  produced  bv  non  corresponding  mosctes: 
on  looking  to  the  right,  we  use  the  right  external  rectus  and  leli  internal  rectus,  and  the  aamc  ii  ifi' 
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I  turning  the  hcnd  lo  the  right  f.^.,  ihc  inferior  oblique,  some  muscles  of  the  rigltt  side  act 
■lunfi  with  the  left  MernomaHoid.  In  hemiplegia  ihc  muscles  on  one  side  are  paralyjLed,  so  ihst 
the  head  anti  olten  the  eyes  are  turned  away  from  the  [jaralyied  side,  i.  <r.,  (o  the  side  of  ihe  brain 
OQ  tthich  ihe  lesion  occurs.  This  is  called  •'  conjugfllc  deviation  '*  of  the  eyes,  with  rdatinn  of  the 
head  and  neck.  If  the  right  external  recius  l>e  jjaralyzcd  from  an  affection  of  the  sixth  nerve,  on 
telling  the  patient  to  look  to  the  right  it  wilt  be  found  that  the  left  eye  will  s-juint  more  inward  even 
than  Ihc  right  eye,  i.  e.,  owing  lo  the  strung  voluntary  effort  of  the  muscle,  the  left  internal  rectus 
which  usually  acts  along  with  the  right  external  rectus,  contracts  vigorously,  and  so  wcgcl  second- 
Ary  deviation  of  the  sound  eye.  Similar  results  occur  in  connection  with  paralysis  of  other 
ocular  muscles.] 

346.  IV.  NBRVUS  TROCHLEARIS.— Anatomical.^It  arises  [from  the  valve  of  Vietu- 

sens,  I.  f.,  behind  the  fourth  ventricle],  but  iu  fibre*  pa;.-*  lu  ine  oculomotorius  from  the  trockltaris 
nucUui  (Fig.  3S4),  which  is  lu  a  certain  extent  a  continuuiion  of  the  anterior  horn  of  the  spinal 
cord.  It  pa&sc&  lo  (he  lower  margin  of  the  corpora  quadiigemina,  pierces  the  rot)t  of  the  aqueduct 
of  Sylviuit.  then  into  the  velum  medullarc  supcrius,  and  after  decussating  with  the  root  of  the 
opposite  side  twhind  the  iter,  it  pierces  the  cms  at  the  supeiior  and  cxtcrrtol  border  (Fig,  385.  IV). 
Its  fibres  cross  between  its  nucleus  and  its  distribution.  It  ha&  also  an  ohjiin  from  the  locus  ctrru- 
Icus.  The  root  of  the  nerve  receives  some  fibres  from  the  nucleus  of  the  abducens  of  the  opposite 
side.  Physiologically,  there  is  a  necessity  for  a  conjunction  between  the  centre  and  the  cortical 
motor  centre  for  the  eye  muscles. 

Function. — It  is  the  voluntary  motor  nerve  of  the  superior  oblique  muscle. 
(In  coordinated  movements,  however,  it  is  involuntary.) 

Anastomoses. — Its  connections  with  the  plexus  caroticus  sympathici,  and  with  the  first  branch 
of  the  iri^<;miiius,  have  the  same  significance  as  similar  branches  of  the  oculomotorius. 

Pathological.  —Paralysis  of  the  irochlcaris  nerve  causes  a  very  alight  loss  of  the  mobility  of  the 
eyeball  outward  and  duuiiwaid.  Therein  flight  squinting  inward  and  upward,  with  diplopia  or 
double  vision.  The  images  are  placed  obliquely  over  each  other  [the  false  image  being  the  lower,  and 
directed  10  the  patients  right  when  the  Ictt  eye  is  affected  (Fig.  ^^^  6)]  ;  they  a[>pronch  each  other 
when  the  head  11  turned  toward  the  sound  side,  and  arc  separated  when  the  heati  is  turned  toward 
the  other  side.  The  patient  at  first  directs  his  head  forward,  later  he  rotates  it  round  a  vertical  axis 
toward  the  suund  side,  lo  rotating  hi.s  head  (whereby  the  sound  cy^  may  retain  (he  primary  posi> 
tion)»  the  eye  rotates  with  it.    Spann  of  the  irochlcaiis  causes  squinting  outward  and  downward. 

347.  V.  NERVUS  TRIGEMINUS.— Anatomical.— The  trigeminus  (Fig.  386,  5),  arises 
like  a  spinal  nerve  by  two  rtKits  (Fig.  3S5,  V).  The  smaller,  anterior,  motor  (0«3i  proceeds  from 
the  "  motor  trigeminal  nucleus  "  15),  which  is  |>ruvidcd  with  many  multipolar  nerve  cells,  and 
lies  in  the  floor  ol  the  mcUuHa  oblongata,  not  far  fiom  the  middle  line.  Fibre;*  connect  this  nucleus 
with  the  cortical  motor  centres  on  the  opixwue  side  of  the  cerebrum.  Ite^ides  this  the  "  descend- 
ing root  "  also  fiupplics  motor  fibres,  li  extends  laterally  from  the  c^rjnra  quadngemina  along 
the  aqueduct  of  Sylvius  downward  to  the  exit  of  the  tier\t  yHenle,  J-'orei).  The  large  posterior 
sensory  root  receives  fibres:  (i)  hroni  the  small  cells  of  the  "  sensory  trigeminal  nucleus" 
which  lies  at  the  level  of  the  |xjns,  and  is  the  analc^uc  of  the  posterior  hum  oi  the  gray  matter  of 
the  spinal  cord.  (2)  F'rom  the  gray  matter  of  the  posterior  horn  of  the  spinal  cord  downward  as 
far  as  the  cervical  vertebra.  I'he&e  fibres  run  into  ttie  posterior  column  of  the  cord  and  then  appear 
as  the  "  ascending  root  "  in  ihc  trigeminus.  (3)  hojnc  fibres  come  from  lite  cercbelhim,  through 
the  crura  ccrebelli,  Tlic  origins  of  the  sensory  root  anastomose  with  the  motor  nuclei  of  all  the 
nerves  arising  from  the  medulhi  olilongala,  with  the  exception  of  the  abducens.  This  explains  the 
rast  numlnrr  of  reflex  relations  uf  the  fifth  nerve.  The  ttiick  tnmk  appears  on  each  side  of  the 
pons  (Fig.  3S5/,  when  its  p^i^ienor  root  (perhaps  in  conjunction  with  some  fibres  from  the  anterior) 
forms  the  Casserian  ganglion,  upon  Ihe  tip  of  the  i>elrouB  part  of  the  temporal  bune  (Fig.  386). 
Fibres  from  the  sympathciic  proceed  from  Ihc  plexus  cavcrnosus  to  the  ganglion.  Tt>c  nerve 
divides  into  three  large  biauchcs.  * 

I.  The  ophthalmic  division  (Fig.  386,  ii )  receives  sympathetic  fibres  i^vasa- 
ffii»/<v- «<'n'«_)  from  the  plexus  Lavernosus  i  it  passes  through  the  superior  orbital 
fissure  [sphenoidal]  into  the  orbit.     Its  branches  are  : — 

I.  1  ne  small  recurrent  nerve  which  gives  sensory  branches  to  the  tentorium 
cerebelli.  Fibres  proceed  along  with  it  Irom  the  carotid  plexus  of  the  sympathetic, 
which  are  the  vasomotor  nerves  for  the  dura  mater. 

2-  The  lachrymal  nerve  gives  off — [a)  Sensory  branches  to  the  conjunctiva, 
the  upper  eyelid,  and  the  neighboring  part  of  the  skin  over  the  temple  (Fig.  3S6, 
a)\  {d)  true  sensory  fibres  to  the  lachrymal  gland  (?).  Stimulation  of  this 
nerve  is  said  to  cause  a  secretion  of  tears,  while  us  section  prevents  the  reflex 
secretion  excited  through  the  sensory  nerves  of  the  eye.     After  a  lime,  section  of 
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the  ncne  is  followed  by  a  [laralytic  secretion  of  tears  (Nertetuifim  anJ  W^^tn^ 
Demtschenko),  although  the  siatemcnt  is  contested  by  Reich.  The  secretion  of 
teare  may  be  excited  reflexly  by  strong  stimulation  of  the  retina  by  light  bj 
stimulation  of  the  5rst  and  second  branches  of  the  trigeminus,  and  through  ul 
the  sensory  cranial  nerves  {Drmtsch^nko)  (§  356,  A,  6), 
3,  The  frontal  (/)  gives  off  the  supratrochlear,  which  supplies  seotory 


Fig.  385. 
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^rl  of  lh«  boM  of  the  brain,  iri|h  the  oriftnt  of  the  cniniitl  ncrrr«  :  the  ca»rululinrt«  of  the  laland  t4 
richi  sidtj  but  mnovcxl  on  the  left,  V,  ol&cior>-  tnct  ml  thort;  II,  kft  o|i'*<  "e^e  ,  Il'.ii^St 
7,  A,  cutaurGtct  of  ihc  kft  optic  ih«Umiu.  L,  centn*!  lobe,  or  lUand  ul  Kcil.  \ 

lh«  locui  ptrfbifttw  utiicu*  ;  <,  the  ciii«rnAl,  and  t,  th«  interiMl.  corpus  gvnic  . 

/,  c,  lubcr  clocivua),  wild   the   inrundiliulum  ;  •>,  poiittx  lu  one  of  the  corpora    ■  ,     .       ccntosll*- 

dimcle ;  _/*,  the  fillet;  HLIcfi  ocuki-ntmiiT  nrnre;  X,  the  loctu  pcrfor«iiu  p(ii|.i  h*  \'^  V,  j^j^*  V^fall).  T. 
the  greJttcr  part  of  tiic  fifth  nerre .  t-,  Uic  Inter  n>ui  (on  the  nghi  *;ilr  ihi«  m^rlc  U  plae«d  im  ite  ' 
EAriffllon  and  poinu  to  the  Ic^er  raol);  i,  utiKtIialinic  divnton  of  the  tilth.  VJl,  a,  lacut .  VII, #,< 
Vltl,  ^ftu  :  Vlll,  i»,  glofcio-DharyMj^eal ;  V|II,  A,  ipinal  »cce«»i>ry ;  IX,  hypoato*u1:  if.  ■« 
twwilootiJfiuuTe  of  the  cerehellum  (L*) .  .«,  m.  amygtUl*:  >.  d.  niitenur  p>r»w*|J;  w,  olivary  U—,  .  ..  - 
CDtnbody;  if,  latcrior  medun  fiutirc  ;  r, /,  ihe  Utenal  column  of  the  fpin^l  cor^  ;  C,l,lli«  iiit>  >rcl|l*il  r 
fiiN  cervtcal  ikervc 


/«. 


fibres  to  the  upper  eyelids,  brow,  glabelli,  and  those  which  excite  the  secretion 
of  tears  reflexly  ;  and  by  its  supraorbital  branch  (j^),  analogous  branches  to 
the  upper  eyelid,  skin  of  the  forehead,  and  the  adjoining  skin  over  the  lerapic  •• 
far  as  the  vertex. 

4.  The  nasociliary  nerve  {tt,  <*).  by  its  infratrochlear  branch  supplies  Abfvs* 
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lilar  to  those  of  3,  to  the  conjunctiva,  caruncula  and  sacciis  lacrymalis,  the 
upper  eyelid,  brow  and  root  of  the  nose.  Its  ethmoidal  branch  supplies  the 
lip  and  ala;  of  the  nose,  outside  and  inside,  with  sensory  branches,  as  well  as  the 
upper  jjart  of  the  septum  and  the  turbinated  bones  with  sensory  fibres,  which 
can  act  as  afferent  nerves  in  the  reflex  secretion  of  tears;  while  it  is  probahie  that 
vasomotor  fibres  are  supplied  to  these  parts  through  the  same  channel.  (These 
fibres  noay  be  derived  from  the  anastomosis  with  the  sympathetic  (?).)  The  naso- 
ciliary nerve  gives  off  the  long  root  (/)  of  the  ciliary  ganglion  (^),  and  1  to  3 
long  ciliary  nerves. 

The  ciliary  ganglion  (Fig.  386,  c),  which,  according  to  Schwaibe,  perhaps 
belongs  rather  to  the  third  than  the  fifth  nerve,  has  tArec  roots — ia)  the  short 
or  oculomotorius  (3 — see  §  345) ;  (fi)  the  long  (/),  from  the  nasociliary;  and  (^) 
the  sjmipathetic  (j),  sometimes  united  with  ^,  from  the  carotid  plexus.  The 
short  ciliary  nerves  (/),  6  to  10  in  number,  proceed  from  the  ganglion,  along 
with  the  long  ciliary  nerves,  to  near  the  entrance  of  the  optic  nerve,  where  they 
perforate  the  sclerotic  coat  and  run  forward  between  it  and  the  choroid. 

Ciliary  Nerves. — Physiologically,  these  nerves  contain  : — 

I.  The  motor  fibres  for  the  sphincter  pupillsc  and  tensor  choroideae  from 
the  root  of  the  oculomotorius  (§  345,  2,  3). 

3.  Sensoiy  fibres  for  the  cornea  which  are  distributed  as  excessively  fine 
fibrils  between  the  epithelium  of  the  conjunctiva  tuibi  ;  they  perforate  the  sclerotic 
{^Giraldis).  These  fibres  cause  a  reflex  secretion  of  tears  (N.  lacrymalis)  and 
closure  of  the  eyelids  (N.  facialis).  Sensory  fibres  are  supplied  to  the  iris  (pain 
in  iritis  and  in  operations  on  the  iris),  the  choroid  (painful  tension  when  the 
ciliary  muscle  is  strained),  and  the  sclerotic. 

3.  Vasomotor  nerves  for  the  blood  vessels  of  the  iris,  choroid  and  retina. 
They  arise  in  part  from  the  sympathetic  root,  and  the  anastomosis  of  the  sym- 
pathetic with  the  ophthalmic  division  of  the  trigeminus  {Wcgner),  The  iris  and 
retina  receive  most  of  their  vasomotor  nerves  from  the  trigeminus  itself  {Rogom)^ 
and  few  from  the  sympathetic;  according  to  Klein  and  Svetlin  the  retinal  vessels 
arc  not  influenced  either  by  stimulation  or  division  of  the  sympathetic. 

4.  Motor  fibres  for  the  dilator  pupitla;,  which,  fur  the  most  jiart,  are  derived 
from  the  iympatkettc  {Feiit^  ^72?)i  through  the  .sympathetic  root  of  the  ganglion, 
and  the  anastomosis  of  the  sympathetic  with  the  trigeminus  {Ba/og/t,  OcA/).  The 
ophthalmic  division  contains  independent  fibres  for  the  dilatation  of  the  pupil 
{Schi^T),  which  arise  in  the  medulla  oblongata  and  proceed  directly  into  the 
ophthalmic  (?  or  arise  from  the  Gasserian  ganglion — Oehl^, 

It  is  not  conclasively  determined  whether  in  msn  dilator  fibres  also  proceed  through  the  sympa* 
thctic  root  of  the  ciliflry  genglion,  and  reach  the  iris  throu^^K  the  ciliary  rer^-es.  In  the  dog  these 
fibres  do  noi  pass  through  the  ciliarj- ganglion,  but  go  directly  along  the  optic  nerve  to  the  eye 
{^HtusiH  QHii  Volckers).     In  birds,  the  dihiior  tibrcs  run  only  in  the  fifth  {ZrgUnski).     For  the 

f  lire  (}  367.  »)• 
After  section  of  the  trigeminus,  the  pupil  becomes  contracted  after  a  short 
period  of  dilatation  (rabbit,  frog),  but  this  effect  is  not  permanent.  After 
excision  of  the  superior  cervical  ganglion  of  the  sympathetic,  the  power  of  dila- 
tation of  the  pupil  is  not  completely  abolished.  The  narrowing  of  the  pupil 
which  follows  section  of  the  trigeminus  in  the  rabbit,  and  which  rarely  lasts  more 
than  half  an  hour,  may  be  regarded  as  due  to  a  reflex  stimulation  of  the  oculo- 
motorius fibres  of  the  sphincter,  in  consequence  of  the  painful  stimulation  caused 
by  section  of  the  trigeminus. 

Stimulation  of  the  Sympathetic— Either  in  the  neck,  or  in  its  coarse  to  the  eye,  when  the 
peripheral  end  of  the  cervical  sympathetic  is  stimulated,  besides  other  effects  on  the  blood  vessels, 
there  is  dihUatii'n  of  th<  pupil,  as  well  as  contraction  of  llic  imoath  muicular fibres  in  the  orbit  and 
eyelids.  The  mtmbrana  orbiialis,  which  separates  the  orbit  from  ihc  temporal  fossa  in  anima.U, 
contains  namerous  smooth  muscular  Hbres  (mujfu/us  orbitaiis).  The  corresponding  membrane  of 
the  inferior  orbital  fissure  [spheno-maxillary  fissure]  in  man  has  a  layer  of  smooth  muscle,  one 
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tntllimelrc  thick,  am]  arranged  for  the  most  part  longitudinally.  Both  tyfliM  contain  imdol 
cubr  Hbres  which  serre  to  dose  them;  in  ihe  up|>er  tid  they  lie  as  a  continuation  of  the  lenln 
palpebrx  superioriv  in  the  lower  lid  close  under  the  conjunctiva.  Temcm't  tapsuU  alto  cuutim 
smooth  muscular  hkvea.  The  sympathetic  ner*c  supplies  alt  these  muAcIes  {Heinr.  Maiirrv-^^ 
orbital  muKle  is  partly  supplied  from  the  sphenopalatine  ganglion);  in  animals  the  rcuactor  c/ 
Ihe  third  eyelid  at  the  inner  angle  of  tlie  eye  is  Mmilarly  supplied.  Hence,  stimmltaipn  of  tkt  m* 
pathetu  causes  dilatation  of  the  pupil  and  of  the  palbcbral  hssure,  with  protrusiuo  of  the  cytcall 
This  result  may  l>e  caused  reHexly  by  siruug  simulation  of  sensory  nerves.  Strong  stimiaUtioa  of 
the  nerves  of  (he  sexual  organs  is  followed  by  similar  phenomena  in  the  eye.  The  diluMioR  of  ibc 
pupil,  which  occurs  in  children  affected  with  intestinal  worms,  '\%  perhaps  an  anaUigoot  pt«- 
nomeiion.  The  pupil  is  dilated  when  the  spinal  cord  is  stimulated  (at  the  origin  of  tile  i]rmp»- 
thelic),  as  in  tetanus. 

Section  of  the  Sympathetic,  besides  other  effects,  causes  narrowing  of  the  6ssurc  betven  tbr 
eyelids,  the  eyelmll  Rink?  in  its  socket  (and  in  animals,  the  third  eyelid  is  relaxed  and  procrvdcd). 
In  dogs,  section  causes  internal  squint,  as  the  external  rectus  receives  some  motor  6brca  irom  tbe 
sympathetic  (p.  631).     (Origin  of  these  fibres  from  the  cilio  spinal  region.     Spinal  e^rdt  I  j6l.  \) 

4.  It  is  probable  that  trophic  fibres  occur  in  the  trigeminus,  and  pass  through 
the  ciliary  nerves  to  reach  the  eye-  If  the  trigeminus  be  divided  within  the  cra- 
nium, after  six  to  eight  days,  inflammation,  necrosis  of  the  cornea*  and  ultimately 
complete  destruction  of  the  eyeball  take  place,  constituting  Panophthalmia 
{Fodh-a^  182J;  MagendU). 

Trophic  Plbres. — In  weighing  the  evidence  for  and  against  the  existence  of  trophic  fibres,  we 
must  bear  in  mind  the  fallowing  considerations :  i.  Section  of  the  trigeminus  makes  the  whole 
eye  insensible  ;  the  animal  is  therefore  unconscious  of  direct  injury  to  its  eye,  and  cannol  theft- 
fore  remove  any  offending  body.  Dust  or  mucus,  which  may  adhere  to  the  eye,  is  no  longer  re- 
moved by  tlic  reflex  closing  of  the  eyelids;  while,  owing  to  the  absence  of  the  relln,  the  eye  is 
more  open  and  is  therefore  subject  10  more  injuries ;  the  reflex  secretion  of  tean  is  als*^  orrmed. 
Snellen  (1S57)  fixed  the  ear  of  a  rabbit  in  front  of  its  eye  so  as  to  protect  the  latter  and  shield  a 
from  injuries,  and  he  found  that  the  inflammation  and  other  events  occurred  at  a  later  date,  «hflc, 
according  to  Meissner  and  Btlllner,  if  the  eye  be  proteaed  by  means  of  a  complete  capsule,  the  id- 
flommation  does  not  occur  at  all.  There  can  be  no  doubt  that  the  loss  of  Ihe  sensibility  of  the  ert 
favors  the  occurrence  of  inflammation.  But  Meissner.  BUttncr,  and  SchifT  observed  that  inflan- 
mation  of  the  eye  occurred  when  the  trophic  (most  internal)  fibres  alone  were  divided,  the  eye  «l 
the  same  time  retaining  its  sensibility;  this  would  seem  to  indicate  the  existence  of  trophic  fibres, 
but  Cohnbeim  and  Senlileben  dispute  the  statement.  Conversely,  the  sensibility  of  the  eye  may  (k 
abolished  by  partial  section  of  the  nerve,  yet  the  eye  does  not  become  inflamed  {Sihiff).  Ranvirr. 
who  denies  the  existence  of  trophic  nerves,  maiie  a  circular  incision  round  the  margin  of  the  conwi 
through  its  superficial  layers  so  as  to  divide  all  the  corneal  nerves.  Insensibility  of  the  comet  wu 
thereby  produced,  but  never  keratitis.  Further,  in  man  and  animals  who  cannot  close  (heir  eyelids. 
there  is  redness  with  secretion  of  tears,  or  idight  dryness  and  opacity  of  the  surface  of  the  eyebatt 
{Xerosis^,  but  never  the  inflammation  already  described  {^Samuel).  %,  We  must  also  take  ioM 
consideration  the  following :  Section  of  the  trigeminus  parmlyxes  the  vasomotor  nerves  in  the  lt> 
lerior  of  the  eyeball,  which  must  undoubtedly  cause  a  disturbance  in  the  intraocular  circaJaboa. 
According  to  Jesner  and  Grilnhagen,  the  trigeminus  also  contains  %'ai»-diiai>fr  fibres^  whoae  Kian- 
lation  is  followed  by  increased  flow  of  blood  to  the  eye,  with  consecutive  cicrelioa  of  the  fibiia 
factors  and  locreaw  in  the  amount  of  albumin  of  the  aqueous  humor.  3.  After  section  of  ^^ 
nerve,  the  intraocular  tension  is  diminished  (while  stimulation  of  the  nerve  is  followed  by  la- 
crease  of  the  intraocular  pressure)  \Hipptll,  Griinhagen,  AiiamUi).  This  diminution  of  the  Donul 
tension  necessarily  must  alter  the  normal  relation  of  the  BUing  ol  the  blood  and  lytnpb  vcaacli^ 
and  also  the  movement  of  the  fluids,  U]X}n  which  the  normal  nutrition  is  largely  dcpcndeai.  4. 
W.  KUhne  observed  that  ttimulaiion  of  the  conieal  nerves  was  followe<l  by  contraction  of  ttie  ts- 
Colled  conical  corpuscles.  Very  probably  the  movements  of  these  corpuscles  may  influence  iW 
normal  movement  of  the  lymph  in  the  canalicular  system  of  the  cornea  {\  384) ;  these  movemeaiv 
however,  would  seem  to  depend  upon  the  nervous  system,  so  that  its  destruction  is  likely  10  pcodncf 
disturltance  of  nutrition. 

[Tliere  are  three  conditions  on  which  the  changes  may  depend — (l)  mei%  toss  of  sensibslity. 
which  alone  is  not  suflficient  lo  explain  the  phenomena;  (2)  on  vasomotor  disturbance,  which  u 
excluded  by  the  above  facts,  and  also  by  the  other  consideration  that,  if  the  fifth  nerve  be  dividri 
and  the  superior  cervical  ganglion  excised  simuftaneously,  ophthalmia  does  not  occur,  and,  in  fad, 
excision  of^  this  sympathetic  ganglion  may  modify  the  results  of  section  of  the  hfth  {^Sinittin'),  Thai, 
we  are  forced  to  (3)  the  theory  of  trophic  fibres,  whose  centre  is  the  Gasserian  ganglion.] 

Pathological. —  In  ca^cs  of  annrsthesia  of  the  trigeminus  in  man,  and.  more  rarely,  In  severe 
irritation  of  this  nerve,  intlammation  of  the  conjunctiva,  ulceration  and  perforation  of  the  concs. 
and,  fmolly.  panophthalmia,  have  been  observea  {Charies  Seii).  This  condilioo  has  been  csIl<J 
ophthalmia  neuroparalytica.     Samuel  found  that  a  umilor  resnit  was  produced  by  cleoncol 
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nimalation  of  the  Ga-^srrian  KAnglion  in  animals.  There  are  other  a/Tections  of  ibe  eye 
upon  disease  of  the  vaso-motor  nerves,  which  are  quite  different  from  the  foregoing,  at  tbrvnem 
lend  to  dqjcncrativc  chAn|;cs.  Such  is  ophthalmia  intermittens  (due  to  malariB),  a  anualcnl, 
intermittent,  exce»Mve  tilling  of  the  blood  vessels  of  the  eye,  accuintxinied  by  the  secretion  oficsn, 
photophobia,  often  accompanied  by  iritis  and  effusion  of  pus  into  (he  chamhen  of  the  tyr.  Tins 
condition  was  regarded  as  a  vasoncurotic  affection  of  the  ocular  Wood  veuels  by  Eulciiturc  lad 
Landois.  Palhulogical  ot>^ervalions,  as  well  as  ex)>erimenL£  upon  zu'tmah  (A/urrfm  .-tn J  A'timi/\, 
have  Rhown  that  there  is  an  intimate  physiological  connection  between  the  vascular  arraaof  wu 
eyes,  so  that  niTcctiona  of  the  vascular  area  of  one  eye  nre  apt  to  induce  MroiUr  di^iurlianccsof  Hbt 
opoosite  eye.  This  serves  to  explain  ihe  fact  that  inHamnmtory  prucesM^  iu  ihe  iutc-riur  oCooei 
ball  are  .i|4  to  produce  a  similai  condition  in  the  other  eye.  This  is  the  so-called  "  sytnpat'' 
ophthalmia."  Thus,  stimulation  of  the  ciliary  neri  ci,  or  the  fifth  on  pttt  side,  cauica  dilalat 
the  blood  vessels  not  only  un  its  own  side,  but  ^iIwj  on  the  other  side  as  well  {Jem^r  ami  G-Hht- 
Aa^m).  The  pathological  condition  of  glaucoma  simplex,  where  the  intraocular  tension  is  greaily 
increased,  is  a5cribol  by  Donders  lo  irritation  of  the  iri^^cminus.  [Increa^  intraocular  Icd^os 
may  lie  produced  by  irrit-ition  of  the  secretory  fibres  contained  in  Ihe  fifth  nerre  t^oib^n),  by 
stimalalinc  the  nucleu»>  of  the  trigeminus  in  the  medulla  oblongntn  {//i/*/f//  a»i/  (Sritnh,tgfn),v^ 
a\<<t  ret!exly  by  irritation  of  the  peripheral  branches  of  the  fifth,  as  by  nicoiin  placed  in  the  cvc-  It 
is  possible,  however,  that  some  forms  of  gbucoma  are  produced  by  diminished  tetnuv.il  of  iW 
atiueous  humor  from  the  eye.] 

II,  Superior  Maxillary  Division  (E).— It  gives  off^ 

1.  The  dt'licate  rtcurrent  n^Tvc,  a  sensory  brunch  to  the  dura  mater^  whid) 
accompanies  the  vasomotor  nerves,  derived  from  the  superior  cervical  gaoglion 
of  the  sympathetic,  and  is  distributed  to  the  area  of  the  middle  meDiogeal 
artery. 

2.  The  subcutaneous  malar  (tt)  (or  orbital)  supplies  by  its  temporal  and 
orbital  branches  sensibility  to  the  lateral  angle  of  the  eye  and  (he  adjoining  am 
of  skin  of  the  temple  and  the  cheek.  Certain  fibres  of  the  nerve  arc  ««3id  to  be 
the  true  secretory  nerves  for  tears.  Compart  N.  lacrymalis,  p.  621  {Hcrumtttn 
and  Woiffrz). 

3.  The  dental,  anterior,  posterior,  and  medius,  and  with  them  the  antenirr 
fibres  from  the  infraorbital  nerve,  supply  sensory  fibres  to  the  teeth  in  the  upper 
jaw.  the  gum,  periosteum,  and  the  cavities  of  the  jaw  (p.  634).  The  vasoniotor 
nerves  of  all  these  parts  are  supplied  from  the  upper  cervical  ganglion  of  the  sjin- 
pathetic. 

4.  The  infraorbital  (R),  after  its  exit  from  the  infraorbital  foramen,  supplies 
sensory  nerves  to  the  lower  eyelid,  the  bridge  and  sides  of  the  nose,  and  the 
upper  lip  as  far  as  the  angle  of  the  mouth.  The  accompanying  artery  receive  tts 
vasomotor  fibres  from  the  superior  cervical  ganglion  of  the  sympathetic.  With 
regard  to  the  fibres  for  the  secretion  of  sweat  which  occur  in  it  (.pig),  sec  \  iM. 

The  spheno-palatine  ganglion  (Meckel's — «>  forms  connections  with  tbc 
II  division.  To  it  pass  two  short  sensory  root  fibres  from  the  II  division  itictf, 
which  are  called  sphetw-paiaiittc.  Motor  fibres  enter  the  ganglion  from  behind, 
through  the  large  superficial  petrosal  branch  of  the  facial  (y — BiJJer,  yuhM)\ 
and,  lastly,  gray  vasomotor  fibres  iv)  from  the  sympathetic  plexus  on  tlie 
carotid  (the  deep,  large  petrosal  nerve).  The  motor  and  vasomotor  fibres  from 
the  Vidian  nerve,  which  reaches  the  ganglion  through  the  canal  of  the  sunc 
name. 

Branches  of  the  Ganglion. — The  branches  proceeding  from  the  ganglioo 
are:  U)  The  sensory  fibres  (N)  which  supply  the  roof,  lateral  walls,  and  septnin 
of  the  nose  (posterior  and  superior  nasal ) ;  the  terminal  fibres  of  the  «*xiv/«J^ 
tine  pass  through  the  c.inalis  incisivus  to  the  hard  palate,  behind  the  incisor  teeth. 
The  sensory  inferior  and  posterior  nasals  for  the  lower  and  middle  tiirbiniied 
bones,  and  both  lower  nasal  ducts,  are  derived  from  the  anterior  |>alatine  bnitvdl 
of  the  ganglion,  which  descends  in  the  palato-maxillary  canal,  lastly,  the  sciwory 
branches  for  the  hard  (/)  and  soft  palate  { />,)  and  the  tonsils  arise  from  the^/- 
ffrior  palatine  nerve.  All  the  sensory  fibres  of  the  nose  (see  also  the  Etkmeidd 
ttenv),  when  stimulated,  cause  the  reflex  act  of  sneezing  (§  lao).     Prepartiory 
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'to  the  act  of  sneezing  there  is  always  a  peculiar  feeling  of  tirkling  in  the  nose, 
which  is  perhaps  due  to  dilatation  of  the  nasal  blood  vessels.  This  dilatation  is 
rapidly  caused  by  cold,  more  especially  when  it  is  applied  directly  to  the  skin. 
The  dilatation  of  the  vessels  is  followed  by  an  increased  secretion  of  watery  fluid 
from  the  nasal  mucous  membrane.  Stimulation  of  the  nasal  nerves  also  causes  a 
reflex  secretion  of  tears,  and  it  may  also  cause  stand-still  of  the  respiratory  move- 
ments in  the  expiratory  phase  {Hcrittg  ami  Krafschtncr) — f  comi>are  Jitspiratory 
cenire^  §  368).  r2^  The  motor  branches  descend  in  the  posterior  palatine  nerve 
through  the  small  palatine  canal,  and  give  off  ih)  motor  branches  to  the  elevator 
of  the  soft  palate  and  azygos  uvulx  {Nuhn^  Fruhwaid^.  The  sensory  fibres  for 
these  muscles  arc  supplied  by  the  trigeminus.  According  to  Politzer,  s|)asmodic 
contraction  of  the.se  muscles  occasionally  causes  crackling  noises  in  the  ears.  (3) 
The  vasomotor  nerves  of  this  entire  area  arise  from  the  sympathetic  root,  /.  €., 
from  the  upfK-r  cervical  ganglion.  (4)  The  root  of  the  trigeminus  supplies  the 
secretory  nerves  of  the  mucous  glands  of  the  nasal  mucous  membrane.  Stimu- 
lation excites  secretion,  while  section  of  the  trigeminus  diminishes  it  with  simul- 
taneous atrophic  degeneration  of  the  mucous  membrane.  Thus  trophic  functions 
for  the  mucosa  have  been  ascribed  to  the  trigeminus  {Aschenhrandt). 

Stimulktion  of  the  Ganglion.  — FccMc  electrical  stimubtion  of  the  expofcd  ganglion  causes  a 
I  copious  secretion  of  mucus  and  an  increase  of  the  lemperaiurc  in  the  now:  {Prtvost),  with  dilalion 
III       of  the  vessels  {Asckenhrandt).     [Meckel's  ganglion  ha.<<  been  excised  in  certain  cases  of  neuralgia 

^K    III.  Inferior  Maxillary  (G). — It  contains  all  the  motor  libres  of  the  fifth, 

^Ktong  with  a  number  of  sensory  fibres  ;  it  gives  off — 

^"  I.  The  recurrent,  which  springs  by  itself  from  the  sensory  root,  enters  the 
skull  through  the  foramen  spinasum,  and,  along  with  the  nerve  of  the  same  name 
from  the  II  division,  it  supplies  sensory  fibres  to  the  dura  mater.  Fibres  proceed 
from  it  through  the  peiroso->quaniosal  fissure  to  the  mucous  membrane  of  the  cells 
►f  the  mastoid  process. 

3.  Motor  fibres  for  the  muscles  of  mastication,  viz.,  the  masscleric,  the  two 
deep  temporal  nerves,  and  the  internal  and  external  pterygoid  nerves.  The  sen- 
sory fibres  for  the  muscles  are  supplied  by  the  sensory  fibres. 

3.  The  buccinator  is  a  smsoty  nerve  for  the  mucous  membrane  of  the  cheek, 
and  the  angle  of  the  mouth  as  far  as  the  lips. 

According  to  Julyet  ami  T«alfant.  it  contains,  in  addition,  vasomnlor  fibres  for  the  mucous  mem- 
brane of  the  cheek,  lower  lip,  and  their  mucous  glands ;  but  these  fibres  are  probably  derived  from 
the  sympaihciic. 

Trophic  Fibres. — A»  this  region  of  the  mucous  membrane  of  the  mouth  ulcerates  after  section 
of  the  irigeiniuus,  some  have  supposed  that  the  buccinator  nerve  contains  trophic  61>res.  But,  as 
Rollctt  pointed  out,  section  of  the  inferior  maxillary  nerve  paralyzes  the  muscles  of  mastication  on 
the  same  aide,  and  hence  the  teeth  do  noi  act  vrrticilly  tip>n  each  other,  but  press  again<>t  the  cheek. 
Owing  to  the  loss  of  the  scnsibiljiy  of  the  mnuth,  food  passes  between  the  gum  and  the  cheek, 
where  it  may  remnin  atlached.  under(;o  decompa-fition,  and  }>crhap^  chemically  irritate  the  mucous 
membrane.  At  a  later  stage,  owing  in  the  wearing  away  of  the  teeth  in  an  obli(|uc  mnnner.  ulcer* 
he-^in  to  form  on  the  jpunn  sitle.  Hence,  there  is  no  necessity  for  assuming  the  existence  of  trophic 
fiiires  in  this  nerve.  After  section  of  the  iriKCminus.  the  nfl-^ai  mucous  membrane  on  the  same  side 
becomes  red  and  cun|;efilc<l.  This  is  due  to  the  faa  that  dust  or  mucus,  not  lH:in|T  removed  from 
ibe  nose  by  the  u.sual  reflex  acts,  remains  there,  irritates,  and  ultimately  causes  inflammation. 

4.  The  lingual  (^)  receives  at  an  acute  angle  the  chorda  tympani  i'//),  a  branch 
of  the  facial  coming  from  the  tympanic  cavity.  The  lingual  docs  not  contain 
any  motor  fibres ;  it  is  the  sensory  and  tactile  nerve  of  the  anterior  two-thirds 
of  the  tongue,  of  the  anterior  palatine  arch,  the  tonsil,  and  the  floor  of  the  mouth. 
These,  as  well  as  all  the  other  sensory  fibres  of  the  mouth,  when  stimulated,  cause 
a  refiex  secretion  of  saliva  (compare  §  145)-  The  lingual  is  accompanied  by 
the  nerve  of  tasie  Cchorda)  for  the  tip  and  margins  of  the  tongue  (/.  e.,  the  pans 
not  supplied  by  the  glosso -pharyngeal).  After  seiiion  of  the  lingual  nerve  in 
man,  Busch,  Inzani  and  Lusanna  found  that  the  tactile  sensibility  was  lost  in  the 
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half  of  the  tongue,  and  there  was  loss  of  taste  in  the  anterior  part  [two-thirds]  oC 
the  tongue.  The  fibres  which  administer  to  the  sense  of  taste  do  noCt  ^  ^  tv\e^ 
belong  to  the  lingual  itself,  but  are  derived  from  the  chonia  tympani  {p.  631). 
According  to  Schiff,  the  lingual  nerve  is  the  gustatory  nerve,  and  sotne  cases  of 
Erb  and  Senator  support  this  view.  Such  cases,  however,  seem  to  be  exccptiotM 
to  the  general  rule.  The  lingual  nerve  in  the  substance  of  the  tongueis  provided! 
with  small  ganglia  {Remak,  Stirfint;).  Schiff  observed  that  section  of  the  lingual] 
(and  also  of  the  hypogloss;il)  caused  rn/n^ss  of  thf  ton^ue^  so  that  vasomotor  fibr 
are  present  in  its  course.  It  is  unknown  whether  these  arc  derived  from  the  auafcj 
tonnoses  of  the  Gasserian  ganglion  with  the  sympathetic.  The  lingual  appears  to" 
receive  vaso-dilator  fibres  from  the  chorda  for  the  tongue  and  gum  (§  349). 

After  section  of  llie  trigeminus,  animals  freqiicnlly  bite  their  tongue,  as  they  cannot  fc«l  ibe  poai- 
tton  and  movements  of  this  organ  in  the  mouth. 

5.  The  inferior  dental  is  the  sensory  branch  to  the  leeih  and  gum; 
vasomotor  ftbri-s  reach  it  from   the  superior  cervical  ganglion.     Before  il 
iniit  the  canal  in  the  lowi-r  jaw  it  gives  off  the  mylohyoid  nerve,  which  suppli* 
motor  fibres  to  the  mylo-hyoid  and  the  anterior  belly  of  the  digastric,  and  also' 
some  fibres  to  the  triangularis  mtnti  and  the  platysma ;  the  muscular  sensory 
nerves  also   lie  in   these  branches.     The  mental   nerve,  which  issues  from  ittc 
mental  foramen,  is  the  sensory  nerve  for  the  chin,  lower  lip,  and  the  skin  at  the 
margin  of  the  jaw. 

6.  The  auriculo  temporal  gives  sensory  branches  to  the  anterior  wall  of 
the  external  auditory  meatus,  the  tympanic  membrane,  the  anterior  part  of  the 
ear,  the  adjoining  region  of  the  temple,  and  to  the  maxillary  articulation. 

Fig.  387  shows  the  distnl)ution  of  (he  branches  of  the  |ri)'eminu«  on  the  heul,  acid  the  ccnicftl 
nerves,  »o  that  the  dtsttjbulion  of  au.tsthetic  and  hyperar^lhctic  areas  may  easily  be  made  out 

The  Otic  ganglion  {m)  lies  beneath  the  foramen  ovale  on  the  inner  side  of  the 
third  divisiun.  Its  roots  are — (1)  short  motor  fibres  from  the  third  divi&ion  ; 
(2)  vasomotor  from  the  plexus  around  the  middle  meningeal  artery  (ultinutcljr 
derived  from  the  cervical  ganglion  of  the  sympathetic')  \  (3)  fibres  {I)  run  from 
the  tympanic  branch  of  the  glosso-pharyngeal  to  the  tympanic  plexus,  and  ffom 
thence  through  the  canaliculus  petrosus  in  the  small  superficial  petrosal  in  t 
cranium,  then  through  a  small  canal  between  the  apex  of  the  petrous  bom 
and  the  sphenoid,  to  reach  the  otic  ganglion.  Through  the  chorda  tympani  thr 
facial  nerve  is  constantly  connected  with  the  ganglion  (Fig.  387). 

The  branches  of  the  olic  ganglion  are — (i )  the  motor  twigs  for  the  tensor 
tympani  and  tensor  of  the  soft  palate  (these  fibres  are  mixed  with  muscular  sen- 
sory fibres — Luiiu'ig  and  Po!itur)\  (2)  one  or  more  branches  connecting  the 
ganglion  with  the  auriculo- temporal  are  carried  by  the  roots  3  and  3  from  the 
symf)athetic  and  glosso-pharyngeal,  which  the  auriculo-temfK>ral  ncnre  f  A),  as  il 
passes  through  the  parotid  gland  (P),  gives  off  to  the  gland.  These  «re  I 
secretory  fibres  for  the  parotid  ;  their  functions  are  .stated  in  §  145. 

Section  of  the  trigensiaua  is  followed  by  inHammatory  changes  in  the  (rabbit)  tymp«iuc  oavtay 
the  dct;rcc  uf  intlamntation   varies  much  {Berth^ld  auJ  Grunhagcn,  KirtkHfr).     ScCtioa  of 
Bjrmpatheiic  or  glosso-pharyngeal  has  no  effect. 

The  sub-maxillary  ganglion  ( L )  lies  close  to  the  convex  arch  of  the  tympanico 
lingual  nerve  and  the  excretory  dun  of  the  sub-maxillary  gland  (.V).      Its  root 
are — { 1)  branches  of  the  chorda  tympani,  /,  /  (which  undergo  I'aiiy  dcgcner 
tion  after  section  of  facial  nerve — Vuipinn).     This  root  supplies  secretory  fib 
to  the  sub-maxillary  and  sublingual  glands,  but  it  also  supplies  vaso-dilator  fibr 
for  the  blood  vcs!»cls  of  the  same  glands  {%  145).     In  addition,  fibres  j»re  Mippli 
to  the  smooth  muscular  fibres  in  Wharton's  duct.     All  the  fibres  of  the  chordj 
not  pass  into  the  gland  ;  some  pa^  along  with  the  lingual  nerve  into  the  toi>i 
(see  Chorda^  under  Fadai  Ncrpe).     (2)  The  sympathetic  root  of  Ihe  gang) 
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ts  from  the  plexus  around  the  submental  branch  of  the  external  maxillary 
ry  ((?),  i.e.,  ultimately  from  the  superior  cervical  ganglion  ;  it  passes  to  the 
d,  and  contains  secretory  fibres,  whose  stimulation  is  followed  by  the  secre- 

of  thick  concentrated  saliva  (trophic  nerve  of  the  gland),  ll  also  carries 
vasoconstrictor  nerves  to  the  gland  (p.  23S).  (3)  The  sensory  root  springs 
1  the  Ungual.  Some  of  the  Bbres,  after  passing  through  the  ganglion,  supply 
gland  and  its  excretory  ducts,  while  a  few  issue  from  the  ganglion,  and  again 

the  tyropanico-lingual  nerve  to  reach  the  tongue. 

ithological.— Trismus,  or  tpasm  of  the  muselrs  of  maitication^  supplied  by  the  third  dtvl- 

Fio.  387. 


.  l>»fl|k 


Mum.  alMwUimMMa 


II.HUi«b. 


■apt— UrteiUf  hnehUIUt. 

tmlrt. 

Ibotioo  of  the  acBMry  nerva  on  the  hejul  m  well  as  the  potkloo  of  the  motor  points  on  the  neck.  SO.  arcm  of 
^trftHitka  of  the  uipraortiitk]  nerve;  ST,  supratrochlcAr .  IT,  infrairochleAr :  L,  Uchr>'ni«l  :  S.  ethmoidal, 
V7,  infraorbital :  i!,  buccinalor  j  jT.I/,  liubciicaneous  hihIk,  yl  7*.  aunculo-icmporal;  /4.V,  fircttl  auricuUr :  O^tJ, 
Mttocdplul;  OMi,  lesser  occiplul  :  C,.  three  cervical  R«rvea.  CS,  cuuutcutu  branches  of  the  cervical  ncrru; 
^W,  regtoa  of  the  central  con  volutloruol  the  brain  ,  3C,  r«g>onof  thopecchcetttrc  (third  left  fronUlconvoluliOR). 


)  is  unully  bilateral ;  it  may  be  clonic  in  \\%  nature  (chattering  of  the  leeth),  or  tonic,  when  it 

tiime«  the  condition  of  lockjaw  or  trismus.     The  spaams  are  usually  individual  lymptoms  of 

t  extensive  convuUiuns,  more  rarely  when  tfaey  occur  alone  they  are  symptomatic  of  disease  of 

Bcrehntro,  medulla,  pons  and  PDrtejt  of  the  frontal  convolutions  [EHlenburg).    Theflpftsms  may 

■used  reflcxly,  e.f;.,  by  stimulation  of  the  sensory  nerves  of  the  head. 

ftrajyais  — Degeneration  of  the  motor  nuclei,  or  alTcctions  of  the  intracranial  root  of  the 

>e,  causes  paralysis  of  t)ie  muscles  of  mastication,  which  is  very  rarely  bilateral.     Paralysis  of 

xnsor  tymponi  is  said  to  cau!>e  dilBcuUy  of  hearinj;  (Romberjf^,  or  buzzing  in  the  ears  [^Bent- 

I.     \Vc   require   funlier  observatium  upon  this  point,  as  well  as  upon  paralysis  of  the  teoftor  of 

K>ft  palate, 

•uralgja  may  occur  In  all  the  branchcB  of  the  fifth.     It  consists  of  severe  altackt  of  pUD 
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khooting  into  the  cxpaniinns  of  the  nerves.  It  it  usu^tUy  uniUleral,  uid  in  fftct  is  oftea  cooSncd  to 
une  l^ranch,  or  even  to  a  Tew  Iwig^  of  uue  brancli.  I'he  point  from  which  the  pain  proocedft  u  fic- 
quently  the  bony  canal  through  which  the  branch  issues.  The  car.  itura  nuter  ami  f<iti)£ue  aic 
rarely  atiacked.  The  atuck  is  not  uriTrcqucntly  iccompnniol  by  coDtracltont  or  tiei/cMim^s  of  iIm 
cuirespoiidinK  gi^up  ^''  the  facial  rauscWs.  The  twttchin^s  are  either  reflex,  or  aie  due  to  dirca 
peripheral  imtaiion  of  the  6hies  of  the  facial  ner%c.  «htcb  are  mixed  with  the  lenninal  bfBDeha«i 
the  trigeminus.  The  reflex  twitchings  may  be  extensively  disthbuted,  involving  even  the  bocJib 
of  the  arm  and  trunk. 

Redness  or  conge&iion  of  the  aflccted  part  of  the  face  is  not  an  unfretiuertt  fympcom  Ui  •«*- 
ralgia,  and  it  may  be  accompanied  by  increased  or  diminished  secretion  from  the  naul  mstA  baccal 
mucous  membranes.  This  is  a  reflex  phenomenon,  the  S)-mpaihctic  beiug  aOiected.  ReBe&  Mioiu- 
loiion  of  the  va^omoto^  nerves  frequently  gives  rise  to  JtHurbuHfe  of  the  ttrebrai  acltviiifs^  ^wiog 
to  changes  ia  the  diNtribuiion  of  the  t>loo<l  in  the  head.  Ludwig  and  Diitmar  found  that  dbsKla- 
tton  of  sensory  nerves  caused  a  reflex  contraction  of  the  arterial  blood  vessels,  and  increase  of  tbe 
blood  pressure  m  the  cerebral  vessels.  Sometimes  there  is  mclandioly  or  hypochondruuia,  aod  In 
oDe  case  of  violent  pain  in  the  inferior  maxillary  ntrve  the  niiack  was  accumpauied  by  baltodnft- 
ttons  of  viiion. 

The  trophic  disturbances  which  sometimes  accompany  aflcctions  of  the  trigemuiua  arc  pHik- 
ularly  inieresting.  They  are:  a  brittle  character  ut  itie  hair,  which  frequently  become  i^ray.or 
•  may  fall  out ;  circumscribed  areas  uf  inBaromation  of  the  skin,  and  the  apfwarancc  of  a  veac- 
ular  eru|Xion  upon  the  face  [often  fuUuwiiig  the  distribution  of  ccrtam  nerves],  and  ooiudtauqg 
herpee.  which  may  also  occur  on  the  cornea,  cunsiiluiing  the  neuralgic  herpes  corneae  of  Schnmll- 
kimpler. 

Lastly,  there  is  the  progressive  atrophy  of  the  face  which  is  usually  confined  to  one  tide,  hat 
may  occur  on  both  sides  {Eufmbur^,  hhsher).  \\  is  caused  very  probably  by  a  trophic  alTiciios 
of  the  trigeminus,  although  the  vasomotor  nerves  may  also  be  aflecied  ref)e\ly.  Lattdou  fowid 
that  in  the  famous  case  uf  Romberg,  a  man  named  Schwahu,  the  spliygmographic  tracing  of  the 
carotid  pulse  of  the  atrophied  side  was  diMtncily  smaller  than  on  the  '•aund  Niile. 

Urbanise hitsch  made  the  remarkable  observation  ihat  stimulation  of  the  branches  of  the  trigemi- 
nus, especially  those  going  tu  the  ear,  caused  an  increase  of  the  senaation  of  light  in  the  ycxmm 
so  stimulated.  Hlowing  u^kiii  the  cheeks  or  nasal  mucous  membrane,  electrical  »Liinulation,  the  ox 
of  anutf,  smelling  strong  perfumes— all  temt>oranly  increase  the  sensation  of  light.  The  seoao  of 
taste  and  smell,  as  well  as  the  sensibility  of  certain  areas  of  the  skin,  can  all  be  exalted  r^Uth  b; 
genilc  hitmitlation  of  the  trigeminus.  In  intense  affection*  of  the  ear,  wherclry  the  Hbm  of  ibc 
trigeminus  are  often  affected  sympathetically,  these  sensory  functions  maybe  diminished  As  tbt 
ear  malady  begins  to  improve,  the  excitability  of  these  sense  organs  also  again  begins  to  improve. 

[Complete  section  of  the  trigeminus  results  in  loss  of  sensibility  in  all  ihe 
pans  siipplicd  by  it  (Fig.  5S7),  including  one  side  of  the  face,  temple,  pin  of 
thf  car,  ihc"  fort  part  ot  the  head,  conjunctiva,  cornea,  mouth,  gums,  Schncidcrian 
mucous  membrane,  anierior  iWo-thirds  of  the  tongue,  and  part  of  pharynx.  Id 
drinking  from  a  vessel,  the  patient  feels  as  if  one  side  of  it  were  cut  away.  The 
muscles  of  mastication  are  paralyzed  on  chat  side,  food  is  not  chewed  on  one  side, 
and  fur  accumulates  on  the  tongue  on  that  side.  The  mucous  membranes  tend  to 
ulcerate,  that  of  the  mouth  being  chafed  by  the  teeth,  the  gums  get  spongy,  the 
nasal  mucous  membrane  tends  to  ulcerate,  so  that  the  smell  is  interfered  with,  and 
ammonia  excites  no  reflex  acts,  while  the  eye  undergoes  panophthalmia.] 

[Gowcrs  i:^  of  opinion  that  the  sensation  of  taste  on  the  porterior  pari  of  the  tongue,  aoft  palate 
and  palatine  arch  depends  on  the  filth  nerve  and  not  on  the  glosso  pharyngeal  nerve.] 

348.  VI.  NERVUS  ABDUCENS.— Anatomical.— Jt  rises  slightly  in  front  of  and  |<«filr 
from  tne  nucleus  ol  \\\z  facial  mrvt  (which  corresponds  to  the  antenor  horn  of  the  s^iuat  CMdi. 
from  lar^e-ccllcil  ganglia  In  the  dee[>er  part  of  the  anterior  region  of  the  fourth  veniricle,  fcncntiiu 
teres,  Fig.  3S4).  [Its  nucleus  is  cunnt.-cted  with  the  nucleus  of  the  third  nerve  of  the  opposite  sidt. 
It  appears  at  the  posterior  margin  of  the  pons  (Fig.  385,  \'l).  I'his  ncr^e  has  a  very  loog  oeatit 
before  it  enters  the  orbit,  and  as  it  bends  over  the  postenur  margin  of  the  pons,  it  it  liatjle  to  be  c«fs- 
preitsed  there  or  from  pressure  upon  the  tentorium  ceiebelli,  so  that  tioth  nerves  are  very  liable  to 
{uralysis.] 

Function. — It  is  the  voluntary  nerve  of  the  external  rectus  muscle.  lo  co- 
orUmate  movements  of  the  eyeballs,  however,  it  is  involuntary. 

Anastomoses. — Branches  reach  it  from  the  sympathetic  u]xin  the  cavernous  sinus  \  Fig.  386).  A 
few  come  from  the  trigeminus,  and  their  function  is  analogous  lo  similar  fibres  supplied  %a  tkc 
trochlearis  and  octtlomotorius. 
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Patbolofical. — Complete  paralytit  cau«c$  squinting  inward  [or  coHveri^ent  sguini'\  and  cunse- 
quent  diplopia.  [The  eye  cannoi  be  routed  outward  l^yond  the  middle  line,  the  rlouble  images 
are  in  the  same  horizontal  plane  aod  vertical,  the  false  one  is  to  the  \c'i  of  the  patient's  eye  when 
Ihe  left  eye  is  affected  fFig.  3S3.  2).  The  feeling  of  giddiness  is  often  severe.  Theie  is  secundaiy 
deviation  to  the  inner  side,  and  the  head  is  turned  toward  the  aftecied  side.]  In  dogs,  section  of 
the  cervical  sympathetic  causes  a  slight  deviation  of  the  eyeball  inward  (Petii).  This  ia  explained 
by  the  fact  that  the  aliducens  receiver  a  few  motor  5brcs  from  the  cervical  sympathetic.  Spasm 
of  the  abducens  causes  external  squint.  * 

Squint  — In  addition  to  paralysis  or  stimulation  of  certain  nerves  producing  squint,  it  is  to  be 
Tcmenibercd  thai  it  may  also  he  caused  by  a  primnr)'  affection  of  the  muscles  themselves,  e.g-^con- 
cenital  shortne.^<i,  contracture,  or  injuries  of  these  muscles.  It  may  also  be  brought  about  owing  tu 
opaciliet  of  the  transparent  media  of  the  eye ;  a  person  with,  say  an  opacity  of  the  cornea,  rotates 
the  affected  eye  involuntarily,  so  that  the  rays  of  light  nuy  enter  the  eye  through  the  clear  ^art  of 
the  media. 

349.  VII.  NERVUS  FACIAL-IS.— Anatomical.— This  nerve  consists  entirely  of  cffcient 
tihres,  and  ;irises  from  the  floor  of  the  rounh  ventricle  from  the  "  facial  nucleus  "  [  hig.  384,  7), 
which  lies  l>ehind  the  orgia  of  the  alKlucens,  and  alw  by  some  fibres  from  the  nucleus  of  the  ab- 
ducens [although  (jower's  oluervntions  do  not  confirm  this  {\  366).]  Other  fibres  arise  from  the 
cenrbrum  of  the  opposite  side  U  37S,  I ).  It  consists  of  two  roots,  the  smaller — portio  intermedia 
of  Wrisbcrjj — forms  a  connection  wiih  the  audkor>'  nerve  (see  \  350}.  The  original  fibr..5  ol  the 
portio  intermedia  arc  developer]  from  the  gloss<:i-pharyngca]  nucleus  (.SVi^o/m/).  It  would  thus 
appear  that  the  sensory  and  gustaiory  fibres  which  arc  present  in  the  chorda  tympani  enter  it  through 
these  fibres  {Duval,  S<kulire,  I'ulfiiat*),  so  that  the  portio  intermedia  is  a  ^pcciai  nart  of  the  nerve 
of  taste,  which  becomes  conjuined  with  the  facial,  and  runs  to  the  tongue  in  the  chorda.  Along 
with  ihc  auditory  nerve,  it  traverses  the  porus  acusticus  inicmus,  where  it  passes  into  the  facial  or 
Fallopian  canal.  At  first  it  has  a  transverse  direction  as  far  as  the  hiatus  of  this  canal ;  it  then 
bends  at  an  acute  angle  at  the  "  knee  "  (o)  above  the  tympanic  cavity,  10  descend  in  an  osseuus 
canal  in  the  posterior  wall  of  this  space  (Fig.  j86).  It  emerges  from  the  stylo-nuutoid  foramen, 
pierces  the  parotid  gland,  and  is  distributed  in  Q  fansha{)ed  manner  (pes  anserinus  major).  [The 
superficial  origin  is  at  the  lower  margin  of  the  pons,  in  the  depression  Iwtwccn  the  olivary  body 
and  the  restiform  body,  as  indicated  in  Hg.  3S5,  VII  4.] 

Its  branches  (Fig.  386)  are :  1.  The  motor,  large  superficial  petrosal  {jy, 
ll  arises  from  the  *'  knee  "  or  geniculate  ganglion  witlim  tiie  Fallopian  canal,  in 
the  cavity  of  the  skull,  runs  upon  the  anterior  surface  of  the  temporal  bonej 
traverses  the  foratnen  lacerura  ineclium  on  the  under  surface  of  the  base  of  the 
skull,  and  passes  through  the  Vidian  canal  to  reach  the  spheno-palatine  ganglion 
(p.  626).  It  is  uncertain  whether  this  nerve  conveys  sensory  branches  from  the 
second  division  of  the  trigeminus  to  the  facial. 

2.  Connecting  branches  {,5)  pass  from  the  geniculate  ganglion  to  the  otic  gan- 
glion.     For  the  course  and  function  of  these  fibres,  see  Otic  ganglion  (p.  6a8). 

1      3,  The  motor  branch  to  the  stapedius  muscle  [y), 

f  4.  The  chorda  tympani  (/,  /),  arises  from  the  facial  before  it  emerges  at  the 
styio-niastoid  foramen  (.f),  runs  through  the  tympanic  cavity  (above  the  tendon  of 
the  tensor  tympani,  between  the  handle  of  the  malleus  and  the  long  process  of  the 
incus),  passes  out  of  the  skull  through  the  pctro-tympanic  fissure,  and  then  joins 
the  lingual  nerve  at  an  acute  angle  (p.  627,  4).  Before  it  unites  with  this  nerve, 
it  exchanges  fibres  with  the  otic  ganglion  (m).  Thus,  sensory  fibres  can  enter 
the  chorda  from  the  third  division  of  the  trigeminus  (A.  Btschoff),  which  may  run 
centripetally  to  the  facial  to  be  distributed  along  with  it.  In  the  same  way,  sen- 
sory fibres  may  pass  from  the  lingual  nerve  through  the  chorda  into  the  facial 
{^Longet),  Stimulation  of  the  chorda — which  even  in  man  may  be  done  in  cases 
where  the  tympanic  membrane  is  destroyed — causes  a  prickling  feeling  in  the  an- 
terior margins  and  tip  of  the  tongue  {Troitsch).  O.  Wolfe  found  that  ihe section 
of  the  chorda  in  man  abolished  the  sensibility  for  tactile  and  thermal  stimuli 
upon  the  tip  of  the  tongue  ;  and  the  same  was  true  of  the  sense  of  taste  in  this 
region.  It  is  supposed  by  Calori  that  these  fibres  enter  the  facial  nerve  at  its  per- 
iphery (especially  through  the  auriculo-temporal  into  the  branches  of  the  facial), 
that  they  run  in  a  centripetal  direction  in  the  facial,  and  afterward  pursue  a  cen- 
trifugal course  in  the  chorda.  [It  is  possible  that  sensory  fibres  pass  from  the 
spheno-palatine  ganglion  of  the  fifth  through   the  Vidian  nerve  and  large  superfi- 
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cial  petrosal  to  enter  the  facial.  These  fibres  may  be  those  that  appear  io  the 
seventh  as  the  chorda  fibres  which  administer  ro  taste.  Bigrlow  asserts  that  the 
chorda  tympani  is  not  a  branch  of  the  facial,  but  the  continuation  of  the  nervu* 
intcrmedius  of  Wrisberg.]  The  chorda  also  contains  secretory  and  vaso-dilator 
fibrrs  for  the  sub-maxillary  and  sublingual  glands  (§  145). 

Gustatory  Fibres. — The  chorda  also  contains  fibres  administering  tothesenie 
of  taste,  for  the  margin  and  tip' of  the  tongue  (anterior  two-thirds),  which  arc 
conveyed  to  the  tongue  along  the  course  of  the  lingual.  Urbantschitsch  made 
observations  upon  a  man  whose  chorda  was  freely  exposed,  and  in  whom  its  stim- 
ulation in  the  tympanic  cavity  caused  a  sensation  of  taste  (and  also  of  touch)  m  the 
margins  and  tip  of  the  tongue. 

It  would  seem,  therefore,  that  the  gustatory  fibres  of  the  chorda  have  their 
origin  in  the  glosso-pharyngcal  nerve.  They  may  reach  the  chorda:  i.  Through 
the  portio  intermedia  of  Wrisberg,  as  already  mentioned. 

2.  There  is  a  channel  beyond  the  stylomastoid  foramen,  viz.^  through  the  ramus  communku* 
cum  glnsso-pharyngeo  (Fig.  386,  c),  which  passes  from  the    last-mcniiot.cd  nerve  in  that  bnnch  oT 
the  facinl  which  contains  the  motor  fibres  for  the  stylohyoid  and   postrrior   belly  of  the  il^{»un< 
(  Hcnic's  N.  styloideus).     This  nerve  also  sup^ies  muscular  sensibttiiy  to  the  stylohyoid  and  poft- 
terior  Kelly  of  the  digaxtric  muscles.    Ii  is  alsu  assumed  that,  by  means  of  these  anastooKMei,  motor 
fibres  are  supplied  by  the  facial  to  the  glosso-pharyngcal  nerve.    3.  A  union  of  the  gtoaao  phaiyofol 
and  facial  nerves  occurs  in  the  tympanic  cavity.     The  tym|ianic  branch  nf  the  glosso-pbnyiigeil  (i^ 
passes  into  this  cavity,  where  it  unites  in  the  tympanic  plexus  with  the  small  superficial  petfOMl  nen« 
{^,i),  which  sprinijs  from  the  knee  un  the  facial.     The  ^"^aiory  fibres  may  fim   pas«  into  iIm  otv 
ganglion.which  is  always  connected  with  the  chorda  (Otic  ganglion,  p.  628,  6).     Lastly,  a  coftDeC' 
tion  is  described  through  a  twig  [tt)  from  the  petrous  ganglion  of  the  glouo- pharyngeal,  direct  M 
the  facial  trunk  within  the  Kallopian  canal   [GaribaUi). 

Vaso-dilator  Fibres, — According  to  some  observers,  the  chorda  contiim 
vaso-iiiiator  fibres  for  the  tongue,  but  no  motor  fibres  {HfitienMaitt). 

Pseudo-motor  Action. — From  one  to  three  weeks  after  the  section  of  the  hypogloMal  ocm, 
stimulniion  nf  ihc  chcrda  causes  movements  in  the  tongue  {PAt/i/ffUMr  anU  I'uJ/ian,  fi.  Mndrm- 
Main).  These  movemeols  are  not  so  energetic,  and  occur  more  slowly  than  those  caused  (7  stin- 
lalion  of  the  hypoglossal.  Nicoiin  hrst  excites,  then  paralyifcs,  the  motor  eircct  of  the  chorda.  Kvca 
after  cessation  of  the  circulation,  stimulation  of  the  chorda  causes  movements-  lleidenltatit  MifKMS 
that,  owing  to  the  stimulation  of  the  chorda,  there  is  an  increased  secretion  of  lymph  within  ite 
musculature,  which  acts  as  the  cause  of  the  muscular  contraction.  He  called  this  aaion  "  fifu^t 
motor:' 

[If,  after  the  union  of  the  centr&l  end  of  the  lingualii  and  the  peripheral  end  of  the  hypockaal 
nerve,  the  lingualisbc  stimulated,  there  is  a  genuine  contraction  of  the  musculature  of  the  tuogacos 
that  side.  If,  After  the  union  of  the  central  end  of  the  hypoglossal  with  the  peripheral  end  (A  the 
Ungual,  there  is  no  effect.  A  pseudo-motor  contraction  is  easily  distinguished  from  a  true  coiiinc- 
lion,  for  when  a  telephone  be  connected  with  the  tongue,  on  stimulating  the  bytKjglus^  the  lone  of 
the  tetanus  thereby  produced  is  heard,  but  on  stimulating  the  lingual,  although  the  p»c«do-iBolsf 
contractions  occur,  no  sound  is  heard  (  fCo^vi^).'\ 

.  5.  Connection  with  Vagus.— IJeforc  the  chorda  is  given  off,  the  trunk  of  the  facial  cooMStfU 
direct  relation  with  the  auricular  Itranch  of  the  vagus  [&),  which  crosact  it  io  the  raaaloid  canal  jiec 
I'agns),  and  supplies  it  with  i.cn<ory  nerves. 

6.  Peripheral  Branches. — After  the  facial  issues  from  its  canal,  it  suftplio 
motor  fibres  to  the  stylohyotd  and  posterior  belly  of  the  digastric,  the  occipitalis, 
and  also  to  all  the  muscles  of  the  external  ear  and  the  muscles  of  expressioo.  10 
the  buccinator  and  platysma.  The  facial  also  contains  secretory  fibres  for  ibe 
face  (compare  §  288). 

Although  most  of  the  branches  of  the  facial  are  under  the  influence  of  ihe  will,  fd  KKMt  mO 
cannot  vnluntanly  move  the  muscles  of  the  nose  and  ear. 

Anastomoses. — The  branches  of  the  seventh  nerve  on  the  face  anastoiDOfe 
with  thot»e  of  the  trigeminus.  Thus,  sensory  fibres  arc  conveyed  to  the  musclei  o( 
expression.  The  sensory  branches  of  the  auricular  branch  of  the  vagus  and  the 
great  auricular  enter  the  peripheral  ends  of  the  facial  and  supply  sensibility  tu  the 
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muscles  of  the  ear,  while  the  sensory  fibres  of  the  third  cervical  nerve  similarly 
supply  the  platysnia  with  sensibility.  Section  of  the  facial  at  the  stylomastoid  for- 
amen is  painful,  but  it  is  still  more  so  if  the  ]>eripheral  branches  on  the  face  are 
divided  {Afagemiie)  (compare  Recurrent  sensibiiity^  §  355)- 

Pathological. —In  all  cases  or  paralysis  of  the  facial,  the  most  importAnt  point  lo  determine 
is  whether  the  seal  of  the  affection  is  in  Ibe  periphery,  in  the  region  of  the  stylomastoid  roriunen, 
or  in  the  course  of  the  Icn^  Fallopian  canal,  or  is  central  iccrebral)  iu  its  orifcin.  This  point  must 
be  determined  by  nn  analyiiifi  of  the  symptoms.  Paralysis  at  the  stylomastoid  foramen  is  very  fre- 
Qucntly  rheumatic,  and  probably  depends  upon  an  exudation  compressing  the  nerve ;  the  exuda- 
tton  probably  occupying  xhc  lymph  space  described  by  RMinger  on  the  inner  side  of  the  Fallopian 
canal,  between  the  periosteum  and  the  nerve,  and  which  is  a  continuation  of  the  arachnoid  ^ce. 
Other  causes  are — inflammation  of  the  parotid  gland,  direct  injury,  and  pressure  from  the  forcejjg 
during  delivery.  In  the  course  of  the  canal,  the  caascs  are — fracture  of  the  temporal  lione,  emi- 
sion  f^  the  blood  into  the  canal,  syphilitic  efl^usions,  and  caries  of  the  temporal  bone;  the  last  some- 

Fig.  388. 
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limes  occurs  in  indammation  of  the  ear.  Among  Intracranial  causes  are — affections  of  the  mem- 
t>raQes  of  the  brain,  and  of  the  base  of  the  skull  in  the  rcyion  of  the  nerve,  disease  of  the  "  facial 
nucleus  ;"  lastly,  alTection  of  the  cortical  centre  of  the  nerve  and  its  connections  with  the  nucleus. 
[No  nerve  \s  >o  liable  as  the  seventh  to  be  paralyned  independently.] 

SymptomB  of  Unilateral  Paralysia  of  the  Facial  or  [Beir&  Paralysis].—!.  Paralysis  of 
the  muBcles  of  expression  :  ihe  for^-hend  w  smooth,  without  folds,  the  eyelids  remain  open 
(Lragophtbalrous  paralyticus),  the  outer  angle  being  slightly  lower.  The  anterior  surface  of  the 
eye  rapidly  becomes  dry,  the  cornea  is  dull,  as,  owing  to  the  paralysis  of  the  orbicularis,  the  tears 
arc  not  properly  distributed  over  the  conjunctiva,  and.  in  fact,  in  consequence  of  the  dryness  of  the 
eyeballf  there  may  be  temporary  inllammation  (Keratitis  xerotica).  In  order  to  protect  the  eye* 
ball  from  the  light,  the  patient  turns  it  upward  under  the  upper  eyelid  {Beli],  relaxes  the  levator 
pslpebnc.  which  allows  the  lid  to  fall  somewht  {f/aise).  Ine  nose  is  immovable,  while  the  naso. 
labial  fold  is  obliterated.  As  the  nostrils  cannot  be  dilated,  the  sense  of  smell  is  interfered  with. 
The  impairment  of  the  tense  of  imell  depends  more,  however,  upon  the  imperfea  conductioD  of 
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ibe  tears,  uwing  to  pamlysis  of  the  orbicularis  pnlpebninim  and  Homer's  ninsde,  fluid  tlw* 
diynfss  of  ihe  cone5F.onding  nde  of  the  nasal  cavity.  Morses,  which  distend  the  no«thb  wide: 
during  respiration,  after  section  of  both  facial  nerves,  are  said  \>y  CI.  Bernard  to  die  from  inteffcr> 
ence  with  the  rc&pimiiun,  or  at  least  they  suffer  from  severe  dyspncea  (£'//rir^^''^r).  The  face  tt 
drawn  toward  the  sound  side,  so  thai  the  nose,  mouth,  and  chin  arc  oUique.  Paralysis  of  the  boc- 
cinotor  interfere!)  with  the  [>ro{>er  formation  of  the  bolus  of  food;  tite  food  collects  between  the 
cheek  and  the  K^ni,  frutn  which  it  is  usually  removed  by  the  patient  with  his  6ogers;  Mh«a  uA 
fluids  escape  from  the  angle  of  the  mouth.  I>unng  vigorous  expiration  ibe  cheeks  are  puffed  mt- 
wanl  like  a  »ail.  The  apecch  may  he  zifec'.cd,  owing  to  the  diHiculty  of  kounding  the  labial  coo- 
sonants  (especially  in  double  paraly>is),  and  the  vowels,  u,  il  lue),  u  (ue) ;  while  the  v{>cech  ta 
paralysis  of  the  branches  to  hcAh  sides  of  the  palate,  becomes  nnsal  (3  62S).  The  acts  "d  whtitltat* 
sucking,  blowing,  and  spilling  are  interfered  with.  In  double  paralysia  many  of  these  sympioiM 
are  greatly  intensified,  while  others,  such  as  the  oblique  {lOsition  of  the  features,  di«ap)iear.  T%e 
features  are  completely  relaxed ;  there  is  no  mimetic  play  of  the  features,  the  patienu  weep  ami 
laugh,  "OS  it  were,  tiehind  a  mask  "  {^Romberg),  a.  In  paralysis  of  the  palate,  when  the  onls 
is  directed  toward  the  sound  side,  and  the  paralyzed  half  of  the  palate  hang-%  down  and  cannot  be 
raised  (large  superficial  petrosal  nervej,  il  is  not  deleimined  to  what  extent  this  condition  inBuences 
the  nctefdf^iutition  and  the  formation  of  the  consonants.  3.  Taste  is  interfered  with  ;  either  il 
is  alnent  on  the  anicrior  two-thirds  of  the  tongue,  or  the  sensation  is  delayed  and  altered,  Itii  is 
due  to  an  vBcction  of  the  chorda.  4.  Diminution  of  saliva  on  the  afTecte<l  side  was  first  described 
by  Arnold;  still,  we  must  determine  to  what  extent  a  simultaneous-  affection  of  the  sense  of  taice 
may  cause  n  reflex  interference  with  the  secretion  of  saliva,  or  whether  rapid  removal  of  the  ialtri 
through  the  opened  lips  and  angle  of  the  mouth  may  cause  the  dryness  on  the  affected  side  of  the 
mouth.  5.  Koux  pointeii  out  that  hearing  is  anected,  the  itnsibility  la  ioundt  being  inaeasrO 
(Oxyakoia,  Hyperakuaia  Willisiana).  The  paralysis  of  the  stapedius  muscle  maLc4  tlie  supci 
loose  in  the  fenestra  ovalis,  so  thai  all  impulses  from  the  tympanum  act  \-ignrous)y  npnn  the  stapes. 
which  coi>se<|ucntly  exciies  considerable  vibrations  in  the  ttuid  of  the  inner  ear.  Mute  tarelr.  m 
paralysis  of  the  stapedius,  il  has  been  observed  that  low  notes  are  heard  at  a  greater  distance  ihoa 
on  the  sound  side  (Luraf,  Most), 

As  the  facial  in  man  appears  to  contain  fibres  for  the  secretion  of  sweat,  this  explains  the  kai 
of  the  |»ower  of  sweating  in  the  face  when  the  nerve  begins  to  atrophy  {Sirauji,  Bloch). 

Section  of  the  facial  in  young  animals  causes  atzopby  of  the  corresponding  mmulrt.  IV 
facial  hanes  are  also  imperfectly  developed  ;  they  remain  smaller,  and  hence  the  foncs  ol  tlie  sostid 
side  of  the  face  grow  toward,  and  ultimalely  across,  the  middle  line  toward  theafTected  iide(Ariva 
Se^junrti,  Briicke^  Stkauta,  Gudtitn).     The  sahi-ary ^iattJi  also  remain  smaller  \Br&cke). 

Stimulation — or  irritation  in  ihe  area  of  the /ar^A/— causes  partial  or  extensive,  enher  dirrcto' 
reflex,  tunic  or  clonic  spasms.  The  extensive  forms  are  known  as  **  mimetic  facial  spasoi." 
Among  the  partial  forms,  are  tonic  contraitien  of  ikt  tyelid  |  Blepharospasm )  which  is  iftoS 
common ;  and  is  caused  rertexly  by  stimulation  of  the  scnsorj-  nerves  of  the  eye,  /^c"-.  i"  scrofsloai 
ophthalniia,  or  from  excessive  sensibility  of  the  retina  (photophobia).  Mure  rarely  the  eaeitciDCCi 
proceeds  from  some  more  distant  part,  eg.,  in  one  cause  recorded  by  v  GrUfe,  from  infUmaiaiarr 
stimulation  of  the  anterior  palatine  arch.  The  centre  for  the  reflex  is  the  facial  nucleus,  Th 
clonic  form  of  s|»asm — ipasmodic  \tfinking  (Spasmus  nictitans) — is  usually  uf  reflex  ucifpa.dsr 
lo  initation  of  the  eye,  the  dental  nerves,  or  even  of  more  distant  nerves.  In  severe  cases  ikf 
affection  may  Ik  bilateral,  and  the  spasms  may  extend  to  the  muscles  of  the  neck,  trunk  and  spf 
extremities,  (.'onlraclton  of  the  muscles  of  the  lip  may  be  excited  by  emotions  (ra^e,  grief),  or 
retlexly.  Fibrillar  contractions  occur  after  section  of  the  facial  as  a  **  degeneraiion  pheni/menati" 
(p.  512).  [If  the  facial  be  lorn  out  at  the  litylomastoid  foramen,  there  is  paralytic  oscilUtiospf 
Ihe  lip  muscles  {^Sihiff).  If  in  such  an  animal  the  posterior  rout  of  ibc  annutus  of  Viee»c3ss  br 
stimulated  electrically,  as  it  contains  vaso-dilator  fibres  t/^(7j/r/ <m</ ^Vvrji/),  not  only  do  the  blood 
vessels  of  the  cheek  and  lips  dilate,  but  the  veins  pulsate  and  florid  blood  escapes  from  the  Ttin. 
jtist  as  occurs  iu  the  submaxillar)'  gland  when  the  chorda  is  stimulated.  On  stimulating  the  a&ss 
after  section  uf  the  seventh,  there  is  a  pseudomotor  effect  on  the  muscles  of  the  check  and  Ii|Sv 
BO  that  there  is  an  analogy  between  the  chorda  and  the  ansa  (AV^nt'iVs).]  /ntrairamiji  wdamitBM 
of  Ibe  must  varied  description  may  cause  spasms.  Lastly,  facial  spasm  may  be  pan  of  a  gcocnl 
spasmodic  condition,  as  in  epilepsy,  chorea,  hysteria,  tetanus,  Aretaeui  (Si  a.d.  1  made  the  imtr 
esting  olMervation  thai  the  muscles  of  the  car  contracted  during  tetanus.  Very  rarely  have  SfM- 
modic  elevaiioo  of  the  palate  and  increa.4od  salivaiion  been  described  as  the  result  of  trritaiioao' 
the  facial  {LntbeV  Moos  observed  a  profuse  secretion  of  saliva  on  ttimulating  the  chonla 
an  operation  on  the  tympanic  cavity. 


I 


350.  VIXI.    NERVUS  ACUSTICUS.— Anatomical.— This  nerve  arises  from  fw* 
{S/ift/a),  whose  gangltunic  cells  anastomose  (Fig.  384.  S,  8',  S").     The  nuclei  tie  in  the 
port  of  the  calanms  scriptorins  ;  a  process  from  a  spinal  centre  reaches  them  \A'o/ftr),     THr 
rrornucleus,  which  is  connected  wuh  (he  portio  intermedia  Wrisbergii,  ap^>cars  to  cotiiatn  r 
fibres.  I*3rt  of  its  Blares  run  through  the  pedunculus  cerebelli  to  the  dentate  body  of  Ibe  ccreMtasi 
very  probably  tbey  arc  connected  with  the  regulation  of  the  equilibrium  ()  380).     The  white  tfn* 
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medolUres.  which  run  transversely  across  the  floor  of  the  fourth  ventricle,  are  said  to  pass  into  the 
peviunculiis  ccrcbclli  of  the  opposite  side.  According  to  Meynert,  fibres  of  the  auditor)'  nerve  pass 
in  chauuels  as  yet  undetermined  from  i\\t:  rfreMium  \.o  the  peduneulus  cerebri,  and  ultimately  to 
ihe  Cortex  of  the  brain,  where  their  cortical  centre  ties  in  the  temporo-sphenoidal  lobes  {\  37S,  IV'). 
In  the  sheep  and  horse  the  two  chief  branches  of  the  auditory  nerve — the  cochlear  and  vestibular 
nerve*— arise  separately,  vvhich  points  to  ihe  independence  of  ihcir  functions  (//orinrfrtw^ti)— 
(Fic-  3S5,  VII  b\.  In  the  course  of  the  internal  auditory  meatus,  the  auditory  and  portio  inter, 
media  of  the  facial  excliangc  tibres,  but  ihc  physiolc^cal  siguificatice  of  this  is  unknown. 

Function. — The  acusticus  or  auditory  nerve  has  a  double  function  ;  i.  It  is 
the  nerve  of  hearing;  when  stimulated,  either  at  its  origin,  in  its  course,  or  at 
its  peripheral  lertni nations,  it  gives  rise  to  sensations  of  sound.  Every  injury, 
according  to  its  intensity  and  extent,  causes  hardness  of  hearing  or  even  deafness. 

2.  Quite  distinct  from  the  foregoing  is  the  other  function,  which  depends  upon 
the  semicircular  canals,  viz.,  that  stimulation  of  the  peripheral  expansions  in 
the  ampullae  influences  ihc  movements  necessary  for  maintaining  the  equilibrium 
of  the  body. 

Brenner's  Formula. — The  relation  of  the  auditory  nerve  to  the  galvanic  current  is  very 
imponaiit.  In  healthy  persons,  when  there  i?  closure  at  the  caihode,  there  is  the  sen^aiton  of  a 
claHf^  (or  tone  I  In  the  ear,  which  continues  with  variations  while  Ihe  current  is  closed.  When  the 
anode  is  opened,  there  is  a  feebler  lone  (  Brenner's  ^'orntai  Aionstic  Fomiuh).  This  ctan^;  coin- 
cides exactly  with  the  resonance  fundamental  lone  of  the  aound-condnciing  apparatus  of  the  ear 
itself. 

Pathological. — Incrtas^d  settsi^i/ity  of  the  auditory  ncr^c  in  any  part  of  its  course,  its  centre, 
or  peripherftl  expansions  cauf<es  the  cnnHilion  known  as  hyperakusis,  which  osuilly  is  a  sign  of 
extensive  increased  nervuus  excitability,  as  in  hysteria.  When  exce>5ive,  it  may  give  rise  to  dis- 
tinctly painful  impressions,  which  condition  is  known  as  acoustic  hyperalgia  {l^uifiibttri;). 
Stimulation  of  the  parts  above  named  causes  sensations  of  sound,  the  most  common  Iwing  the 
sensation  of  sincin^  in  tH(  otrs.  or  tinnitus.  Thi.s  c-judilton  h  often  due  to  changes  in  the  arouunt 
of  blood  in  the  blood  vcwwls  of  the  ear — cither  ancemicor  hy|)erxmic  siimulation.  There  is  well- 
marked  tinnitus  after  large  doses  ni  quinine  or  saltcin,  due  to  (he  vasomotor  elfect  of  these  drugs  upon 
the  vcsdcls  of  the  labyrinth  [KtriJiner).  Not  unfrctjuently,  in  cases  of  tinnitus,  the  reaction  due  tu 
the  galvanic  current  is  often  increased.  More  rarely  ihere  is  the  so-called  " portn/oxit a/  rfadiim  " 
— t.<f.,  on  applying  the  galvanic  current  to  one  ear,  in  addition  to  the  reaction  in  this  ear,  there  is 
the  opposite  result  in  the  non-stimulated  ear.  In  other  cases  of  disease  of  the  auditory  nerve,  noises 
rather  than  musical  notes  arc  produced  by  the  current ;  ifimu/ntiott,  especially  of  Ihe  cortical 
centre  of  the  auditory  nerve,  chiefly  in  lunatics,  may  caiti^e  auditory  delusions  (^  378,  IV). 
According  as  the  excitability  ofHhc  auditory  nerve  i*  diminished  or  alKdistictl.  there  is  the  condition 
of  nervous  hardness  of  hearing  (Hypakusis),  or  ncrvnu«;  deafness  (Anakusis), 

The  Semicircular  Canals  of  the  Labyrinth. — Section  or  injury  to  these 
canals  does  not  interfere  with  hearing,  but  other  important  symptoms  follow  their 
injury,  such  as  dislurbatues  of  eqnihbrium  due  to  a  feeling  of  giddiness,  espe- 
cially when  the  injury  is  bilateral  {F/ourrns).  This  does  not  occur  in  fishes 
{Kieseihach).  The  pendulum-like  movement  of  the  head  in  the  direction 
of  the  plane  of  the  injured  canal  is  very  characteristic.  If  the  horizonUxi  canal 
is  divided,  the  head  (nf  the  pigeon)  is  turned  alternately  to  the  right  and  left. 
The  rotation  takes  place,  especially  when  the  animal  is  about  to  execute  a  move- 
ment: when  it  is  at  rest,  the  movement  is  less  pronounced.  The  phenomenon 
may  last  for  months,  and  injury  to  the  fkisUrior  vertica/  canal  causes  a  well- 
marked  up  and  down  movement  or  nodding  of  the  head,  the  animal  itself  not 
unfrequently  falling  forward  or  backward.  Injury  to  the  superior  vertical  canals 
also  causes  pendulum-like  vertical  movements  of  the  head,  while  the  animal  often 
falls  forward.  When  all  the  eann/s  arc  destroyed,  various  pendulum-like  move- 
ments are  performed,  while  standing  is  often  impossible.  Breur  found  that  elec- 
trical stimulation  of  the  canals  caused  rotation  of  the  heatj,  while  Landois,  on 
applying  a  solution  of  salt  to  the  canals,  observed  pendiihvm-like  movements, 
which,  however,  disappeared  after  a  time.  A  25  per  cent,  solution  of  chloral 
dropped  into  the  ear  of  a  rabbit  causes,  after  fifteen  minutes,  a  siinilar  destruction 
of  the  canals  (yuipian).  Section  of  the  acoustic  nerves  within  the  cranium  has 
the  same  result  {Bechtertw), 
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Explanation. — Golt;  regards  the  canals  as  organs  of  sense  for  ascertaining  the  equilibrioia  or 
position  of  the  head  in  !ip«ce ;  Mach,  as  an  orj^an  for  ascenainioj;  ibi:  movements  ol  the  beftl 
According  to  Gollz's  statical  theory,  every  )H>sitioii  of  the  head  cauhc^  the  cndolymph  to  csctt 
the  {[reatest  pressure  upon  a  certain  part  of  the  canals,  and  thiu  excites  in  a  varying  degree  iht 
nerve  tenninailons  in  the  ampullx.  According  to  Breuer,  when  the  head  is  rotated,  currcou  ait 
produced  in  the  endolymph  of  the  canals,  which  mutt  have  a  Bxcd  relation  to  the  direcitoo  atirt 
extent  of  the  movements  of  the  head;  and  these  currents,  therefore,  when  they  are  perveived, 
afford  a  means  of  determining  the  movement  of  the  head.  The  nervous  end  organs  of  the  ampnU* 
are  arranged  for  a.sccrtaining  this  perception.  If  the  semicircular  canals  are  ao  apparatus— in  fact, 
"sense  o^ans"  (GoZ/z) — for  the  sensation  of  the  equilibrium,  and  who«c  function  is  to  detemwc 
the  position  or  movements  of  the  head,  necessarily  their  destruction  ur  stimulation  must  alter  i1m« 
perceptions,  and  so  give  rise  to  abnormal  oiovcmenL'i  of  the  head.  Vulpiao  regards  the  rutalkw  «f 
the  head  as  due  to  strong  auditory  perceptions  (?)  in  consequence  of  affections  of  the  canak. 
BOttchcr,  Toroaszewicz  and  Bagintky  regard  the  injury  to  the  cerebclluin  as  the  cause  of  tbe  jide- 
nomeaa.  Tbe  pendulum-like  movements,  however,  are  so  characteristic  that  they  cannul  hm  osn- 
founded  with  disturbances  of  the  equilibrium  which  result  from  injur)-  to  the  cerebelluin. 

[Kirwtic  Theory. — In  1875  Crum  Brown  pointed  out  that  if  a  person  be  rotated  panvely,  bU' 
eyes  being  tundaged,  he  can,  up  to  a  certain  point,  indicate  pretty  accurately  the  amoual  of  bw 

ment,  liut  after  a  time  this  cannot  be  done,  and  if  the  rotatioe*; 
as  un   a  potter's  wheel,  be  stoppctl.  the  sense  of  rdatiiA  coa- 
FlG.  309.  tinues.     Crum  Brown  suggested  that  currents  were  pro<lac«d  in 

RS  the  endolymph.  while  the  terminal  hair  cells  lagged  behind,  tad 
were,  in  fact,  dragged  through  the  fluid.  He  poiolcil  otu  ihai 
the  right  poi4erior  canal  is  in  line  with  the  left  su(>crior,  ami  the 
lefl  posterior  with  the  right  superior,  a  fact  which  is  readily  ob- 
served by  looking  from  Lehind  at  a  skull,  with  the  armicifaUar 
LE(  )rK  canals  exfxraed   (Fig.  389).     He   assumes  that   the  canals  m 

paired  organs,  and  that  each  pair  is  connected  with  roCalioa  or 
movement  of  the  head  in  a  particular  direaiun.  j 

Giddiness. — This  feeling  of  false  impressions  ts 
to  the  relaiions  of  the  surroundings  and  conscqtictti 
movements  of  the  body  occurs  c-spcrially  during 
acijuireti  changes  in  ihc  normal  movements  ol  tbe 
eyes,  whether  due  10  involuntary  to  and  fnj  In<JT^ 
menL<i  of  the  eyeballs  (nystagmus)  or  to  pualyiis 
of  some  eye  muscle. 
Active  or  passive  movements  of  the  head  or  of  the  body  are  nonnally  accoo- 
panied  by  simultaneous  movements  of  both  eyeballs,  *hich  arc  charatteristic  far 
every  position  of  the  l>ody.  The  general  chai^cler  of  these  "  compensatory '* 
bilateral  movements  of  the  eyes  consists  in  this,  that  during  the  variotts  changes  in 
the  position  of  the  head  and  body  the  eyes  strive  to  maintain  their  primary  paairc 
position.  Section  of  the  a(|ueduct  of  Sylvius  at  the  levtrl  of  the  corixjra  i|uadh- 
gemina,  of  the  floor  of  the  fourth  ventricle,  of  the  auditory  nucleus,  both  acustici. 
as  well  as  destruction  of  both  membranous  labyrinths,  causes  disap[>carance  ti 
these  movements;  while,  conversely,  stimulation  of  these  parts  is  toUowed  bv 
bilateral  associated  movements  of  the  eyeballs. 

Compensatory  movements  of  the  eyeballs,  under  normal  circumstances,  may  be 
caused  reflexly  from  the  membranous  labyrinth.  Nerve  channels,  capable  of  ex- 
citing reflex  movements  of  both  eyes,  proceed  from  both  labyiinths,  and,  indeed, 
both  eyes  arc  affected  from  both  labyrinths.  These  channels  pass  through  the 
auditory  nerve  to  the  centre  (nuclei  of  the  3d,  4lh,  6th  and  8th  cranial  ncnr»j. 
and  from  the  latter  efferent  fibres  jiass  to  the  muscles  of  the  eye  {Mogyes), 

Cyon  found  that  stimulation  of  the  horizontal  semicircular  canal  was  followed  by  boriiontal  an^ 
tagmns;  of  the  |x>steriur,  by  vertical,  and  of  the  anierior  canal,  by  diagonal  nyvagmas.  SttM^ 
tion  of  one  auditory  nerve  is  followed  by  rotating  nystagmus,  and  rotation  of  the  body  of  iIm  oaiail 
on  its  axis  toward  the  stimulated  lide. 

Poiaona. — Chloroform  and  other  poisons  enfeeble  the  compensatory  movements  of  tbe  lytliani, 
while  nicotiii  and  asphyxia  suppress  them,  owing  to  their  action  on  their  nerve  centre. 

It  is  probable  that  the  disturbances  of  equilibrium  and  the  feeling  of  giddioc* 
which  follow  the  passage  of  a  galvanic  current  through  the  head  between  tbe  IM»* 


Dlaxrain  of  (he  tUipoiHIon  orihe  »cfni> 
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id  processes,  are  also  due  to  an  action  upon  the  semicircular  canals  of  the  laby- 
rinth (§3ooK  Deviation  of  the  eyeballs  is  produced  by  such  a  galvanic  current 
(Hitzig),  The  same  result  is  prt>du<-ed  when  ihc  two  electrodes  are  placed  in  the 
external  auditory  meatuses. 

Pathological. — Meniere's  Diaeaac. — The  feeling  uf  gitldineu,  not  unfrequently  accompaDied 
by  tinnitus,  wtiicli  occurs  tn  Meniere's  di<tease,  must  be  rererred  to  an  afrectton  uf  tbe  nerves  of  the 
ampulL-c  or  their  central  organs  or  of  the  semicircular  canals  themselves.  By  injecting  fluid  vio- 
lently into  the  ear  of  a  rabbit,  qiddinesx,  witb  nystagmus  and  mtatton  of  the  head  toward  Ibe  lide 
operated  on,  are  produced  (Ba^insky).  In  ca&es  in  man,  where  the  tympanic  membraue  was 
defective,  l.uc.t,  when  employing  the  so-called  ear-air  douche  at  o.i  atmo5|ihere,  observed  abduaion 
of  the  eyeball  with  diplopia,  giddincM,  darkness  in  front  of  ihe  eyes,  while  the  respiration  was 
deeper  and  accelerated,  llicse  phcnomuna  must  W  due  to  stimulation  or  exhaustion  of  the  ves- 
tibular branch  of  the  auditory  nerve  (fiS^vfs).  In  chronic  pa?iric  catarrh  a  tendency  to  giddincis 
is  an  occasional  symptom  (Trousseau's  gastric  giddincssl.  This  may,  perhaps,  l»e  caused  by  stimu- 
lation of  the  gastric  nerves  exciting  the  vasomotor  nerves  of  the  labyrinth^  which  must  aRea  the 
pressure  of  the  endolymph.  Analogous  giddineu  is  excited  from  tbe  larynx  {^Charcot)  and  from 
the  urethra  [ErUnmeyfr). 

[Vertigo,  or  giddiness,  is  a  very  common  symptom  in  disease,  an*!  may  he  produced  by  a  great 
many  diflereni  conditions.  It  literally  means  "  a  turning.'*  As  (kiwer?  points  out,  the  mo«  common 
symptom  is  that  the  patient  himself  has  a  sense  of  movement  in  one  or  other  direction;  or  objects 
may  appear  to  move  before  him;  and  more  rarely  there  is  actual  movement  "  commonly  in  the 
same  direction  as  the  subjective  sense  of  movement."  It  is  sometimes  due  to  a  want  of  harmony 
between  the  impressions  derived  from  diHcrcnt  sense  organs  or  "  contradictorincss  of  sensory  impres- 
sions *'  [Grainier  StniHjrt),  QA  is  sometimes  felt  on  ascending  or  descending  a  stair,  or  by  some 
pcf'ions  while  standing  on  a  high  tower,  constiluiing  tower  or  cliff  giddiness.  (>ne  of  the  most 
remarkable  conditions  is  that  called  "  Agoraphobia  "  { Benedikt,  Wtiipkal).  The  person  can  walk 
quite  well  in  a  narrow  lane  or  street,  hut  when  he  attempts  to  cross  a  wide  square  he  ex|>eriences  a 
feeling  closely  allied  to  giddiness.  The  giddiness  of  seasickness  is  proverbial,  while  some  pereons 
get  giJdy  with  waltzing  or  swinging.  Besides  occurring  in  Meniere's  disease,  it  sometimes  occurs 
in  locomotor  alaxis  and  some  cerebral  and  cerebellar  affections,  including  cerebral  anainia.  Very 
distreising  giddiness  and  headache  are  often  produced  by  paralysis  of  some  of  the  ocular  muscles, 
^.  ^..  the  external  rectus.  Defective  or  perverted  ocular  impressions,  as  well  as  similar  auditory 
impressions,  may  give  rise  tu  vertigo;  in  the  latter  or  labyiinlhine  form  the  vertigo  may  tie  very 
severe.  Severe  vertigo  is  often  accompanied  by  vomiting.  A  hard  plug  of  car  wax  may  press  on 
Ihe  inembraoa  tympani,  and  cause  severe  giddiness.  The  forms  of  dyspeptic  giddiness  and  the 
toxic  forms  due  to  the  abuse  of  alcohol,  tobacco,  and  some  other  drugs  are  familiar  examples  of  this 
condition.] 

[Tinnitus  Aunum,  or  subjective  noises  in  the  car.  is  a  very  common  symptom  in  disease  of  the 
ear  ;  ihc  noise  may  l>e  continuous  or  discouliuuous,  be  buzzing,  singing,  or  rumbling  in  character.] 

351.  IX.  NERVUa  GLOSSO-PHARYNGEUS.— Anatomical.— This  nerve  (Fig.  386. 
9I  arises  from  the  nucleus  of  the  same  name,  which  consists  partly  of  large  cells  (motor)  and  parity 
of  small  cells  (belonging  10  the  gustatory  fibres).  The  nucleus  lies  in  the  lower  half  of  the  fourth 
ventricle,  drcp  in  the  medulla  oblongata,  near  the  olive  (Fig.  3S4).  The  nucleus  is  connected  with 
that  of  the  vagus,  A  special  root  ascending  from  the  spinal  cord  applies  itself  to  the  fibres,  and 
perhaps  (like  the  spinal  roots  of  the  serfmd  and  eighth  nerves)  serves  for  the  production  of  spinal 
reflexes  [RoUer').  The  fibres  collect  into  two  irunlts,  which  afterward  unite  and  leave  (he  medulla 
oblongata  in  front  of  the  vagus.  In  the  fossula  peirosa  it  has  on  it  the  petrous  ganglion,  from 
which,  occasionally,  a  special  [lart  on  the  posterior  iwtg  is  separated  within  the  skull  as  the  ganglion 
of  Ehrcnriuer,  Omtmutttfating  hroNchts  are  sent  from  the  petrous  ganglion  to  the  trigeminus, 
facial  (e  and  r),  vagus  and  carotid  plexus.  From  this  ganglion  also  the  tympanic  nerve  (A)  ascends 
vertically  in  the  tympanic  cavity,  where  it  unites  with  the  tympanic  plexus  This  branch  ({  349,  4) 
gives  stnsory  fibres  to  the  tympanic  cavity  and  the  EuMachian  lube :  while,  in  the  dog,  it  also  carries 
secretory  fibres  for  the  parotid  into  the  small  superficial  |>ctrosal  nerve  {//ridenkatH — {  J45)- 

Function. — i.  It  is  the  nerve  of  taste  for  the  fwsterior  third  of  the  tongue, 
the  lateral  i>art  of  the  soft  palate,  and  the  glosso-palatine  arch  (compare  §  422). 
p'his  is  denied  by  Gowers  (p.  630).] 

The  nerve  of  taste  for  the  anterior  two-thirds  of  the  tongue  is  referred  to  under  the  lingual  \  \  347, 
III,  4).  and  chorda  tympani  n^r\-es  {(j  349,  4}.  The  gtojisal  branches  arc  provided  with  ganglia, 
especially  where  the  nerve  divides  at  the  base  of  the  circumvallate  papilLi:  [/temai,  A'olUkfr, 
S<AvHt/fie,  Stirlm^\.  The  nerve  ends  in  the  circumvallate  paplllic  (Fig.  320,U)(aDd  the  end  organs 
are  represented  by  the  taste  bulbs  {\  422). 

It  is  Ihe  sensory  nerve  for  the  posterior  third  of  the  tongue,  the  anterior 
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surface  of  the  epiglottis,  the  tonsils,  the  anienor  palatine  arch,  the  soft  palate,  and 
a  part  of  the  pharynx.  From  (his  nerve  there  may  be  discharged  rffitxiy,  move- 
ments of  deglutition,  of  the  palate  and  pharynx  ( I'oikntantt),  which  may  paa  into 
those  of  vomiting  (§  158).  These  fibres,  like  the  gustatory  fibres,  can  cxciie* 
reflex  secretion  of  saliva  (§  145). 

3.  It  is  motor  for  the  stylo-pharj-ngeus  and  middle  constrictor  of  ihe  pharynx 
( Volkmann) ;  and,  according  to  other  observers,  to  the  (?)  glosso-palaiinus  t  //em) 
and  the  (??)  levator  veli  palatini  and  azygos  uvula  (compare  S/iJteno-paJa/tfte giMf- 
Hon,  §  347,  II).  It  is  doubtful  whether  the  glossopharyngeal  nerve  is  really  1 
motor  nerve  at  its  origin — although  Meynerl,  Huguenin,  \V.  Krausc,  and  Dural 
hive  described  a  motor  nucleus — or  whether  the  motor  fibres  reach  ihe  nerve  at 
the  petrous  ganglion,  through  the  communicating  branch  from  the  facial. 

4.  A  twi|>  accompanies  the  lingual  artery;  this  nerve,  perhapi,  is  vaio-dUator  for  the  Uapul 
blood  vcsicU. 

Pathological  — Tticrc  are  no  satisfactory'  olwervatloiu  on  man  of  uncomplicated  affectiomoftbe 

glossopharyngeal  nerve. 

35a.     X.   NBRVUS   VAQUS.— Anatomical.— The  nucleus  Trom  which  tbe  ▼■(&•  «f)Mi 

along  with  the  itinlh  ami  eleventh  nerve  h  in  ihe  ala  cinerea  in  the  lower  half  of  the  calanin  MTip- 
torius  (Fig.  384,  io|  [and  it  is  very  probably  the  representative  of  the  cells  of  the  vesicular  fiohnm 
of  Clarke  ({[  366).]  It  leaves  the  medulla  ublon^ata  by  lo  to  15  threads  hcbiad  the  lutttb  Mrve, 
between  the  divisions  of  the  lalernl  column,  nnd  has  a  ganglion  (jugular)  u)N>n  it  in  the  jug«Ur 
foramen  (Fig.  3S5,  VIII).     Its  branches  contain  fibres  which  subserve  difl'crcnt  functions. 

1.  The  sensory  meningeal  branch  from  the  jugular  ganglion  accompanies  tbe 
vasomotor  fibres  ot  the  syin|)aihe(ic  on  the  middle  meningeal  artery,  and  seodt 
fibres  to  the  occipital  and  transverse  sittiis. 

When  it  Is  irritaled,  as  id  congestion  of  the  bead  and  inflammation  of  the  dura  mater,  ft  gives  liH 
to  vcmi/ing. 

2.  The  auricular  branch  (from  the  jugular  ganglion)  receives  a  communicat* 
ing  branch  from  the  petrous  ganglion  of  the  ninth  nerve,  traverses  the  ranalicolns 
mastoidcus,  crossing  the  course  of  the  facial,  with  which  it  exchanges  fibres  whcoc 
function  is  unknown.  On  its  course  it  gives  sensory  branches  lo  the  poscrrior 
part  of  the  auditory  meatus  and  the  adjoining  part  of  the  outer  ear.  A  bnndi 
nins  along  with  posterior  auricular  branch  of  the  facial,  and  confers  muscular 
sensibility  on  the  muscles. 

WTien  this  nerve  is  irritatetl,  either  through  inflammation  or  by  the  presence  of  foreign  lx)dic»in 
the  outer  ear  passage,  it  may  give  rise  to  vpmifi'ng.  Stimulation  of  the  deep  part  of  the  extemsl 
auditory  meatus  in  the  region  supplied  hy  the  auricular  branch  causes  coat^kimg  reflealy  [/.  ^.,  6tn 
the  |>reiience  of  a  pea  in  the  ear].  Similarly,  contraction  of  the  blood  vcsuis  of  the  tar  may  bt 
caused  reflexly  {Sntllm,  Lov^]. 

The  nerve  is  the  remainder  of  a  considerahle  branch  of  ihe  vagus  which  extsu  in  5sbes  aad  tbc 
larvtc  of  frogs,  and  runs  under  the  skin  along  the  side  of  the  body. 

3.  The  connecting  branches  of  the  vagusare:  (i)  A  branch  which  directly 
connects  the  petrous  ganglion  of  the  9th  with  the  jugular  ganglion  of  the  loth  ;  tt$ 
function  is  unknown.  (2)  Directly  above  the  plexus  gangliiformis  vagi,  the  vagtw 
is  joined  by  the  whole  inner  half  of  the  spinai accessory.  This  nerve  conveys  tfl 
the  vagus  the  motor  fibres  for  the  larynx  {Bischoff^  rBj2),  and  the  cerrituJ f^rt 
of  the  (esophagus  (which,  according  to  Stciner,  lie  in  the  inner  part  of  the  nerwe 
trunk),  as  well  as  the  inhibitory  ^/t^-j  for  the  Am;/ (C/.  Bernard^  (3)  The 
plexus  gangliiformis  fibres,  who^e  function  is  unknown,  join  the  trunk  of  tUc  vi^ 
from  the  hypoglossal,  superior  cervical  ganglion  of  the  sym[>athclic,  and  the  cer- 
vical plexus. 

4.  Pharyngeal  Plexus, — The  vagus  sends  one  or  two  branches  from  the  upper 
part  of  the  plexus  gangliiformis  to  \.\\^  pharyn^ea! plexus,  where  at  the  level  of  the 
middle  constrictor  of  the  pharynx  it  is  joined  by  the  pharyngeal  branches  uf  the 
9th  nerve  and  those  of  the  upper  cervical  sympathetic  ganglion,  near  the  ascending 
pharyngeal  artery,  to  form  the  pharyngeal  plexus.     The  vagal  fibres  in  this  plcxtn 
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\^\y  \^\^  thr€e  constrictors  of  the  pharynx  with  motor  ^J^r<rj,  while  ihr  tensor 
palali  {Otic gang/ion^  {i  347,  III)  and  levator  of  the  soft  jialate  (compare  Spheno- 
paiatine  ganglion,  §  347,  U)  aUo  receive  motor  !?  sensory)  fibres.  Sensory 
fibres  of  the  vagus  from  the  pharyngeal  plexus  supply  the  pharynx  from  the  part 
beneath  the  soft  pialate  downward.  These  fibres  excite  the  pharyngeal  constric- 
tors reflcxiy  during  the  act  of  swallowing  (^  156).  If  stimulated  very  strongly 
ihey  may  cause  vomiting.  (The  sympathetic  fibres  of  the  oesophageal  plexus  give 
vasomotor  nerves  to  the  oesophageal  vessels ;  for  the  oesophageal  branches  of  the 
9lh  nerve,  see  above.) 

5.  The  vagus  supplies  two  branches  to  the  larynx,  the  superior  and  inferior 
laryngeal. 

{a)  The  superior  laryngeal  receives  vasomotor  fibres  from  the  superior 
cervical  ganglion  of  the  sympathetic.  It  divides  into  two  branches,  external  and 
internal:  (1)  The  external  branch  receives  vasomotor  fibres  from  the  same 
source  (they  accompany  the  superior  thyroid  artery),  and  su]>ply  the  cricothyroid 
muscle  with  motor  fibres  and  sensory  fibres  to  the  lower  lateral  portion  of  the 
laryngeal  mucous  membrane.  (2)  The  internal  branch  gives  o^  sensory  branches 
only  to  the  glosso-epiglottidean  fold  and  the  adjoining  lateral  region  of  the  root 
of  the  tongue,  the  aryepiglottidean  fold,  and  to  the  whole  anterior  part  of  the  lar- 
ynx, except  the  part  supplied  by  the  external  branch  {Longet).  Stinnibtion  of 
any  of  these  sensory  fibres  causes  coughing  reflexly.  Coughing  is  produced  by 
stimulation  of  the  sensory  branches  of  the  vagus  to  the  tracheal  mucous  membrane, 
especially  at  the  bifurcation,  and  also  from  the  bronchial  mucous  membrane. 
Coughing  is  also  caused  by  stimulation  of  the  auricular  branch  of  the  vagus,  espe- 
cially in  the  deep  part  of  the  external  auditory  meatus,  of  the  pulmonary  tissue, 
especially  when  altered  pathologically;  in  pathological  conditions  (inflammation^ 
of  the  pleura  (?  certain  changes  in  the  stomach  [stomach  cough]),  of  the  liver  and 
spleen  {Naunyrt).  The  coughing  centre  is  said  to  lie  on  each  side  of  the  raphe, 
in  the  neighborhood  of  the  ala  rinerea  {Kohts).  Cases  of  violent  coughing  may, 
owing  to  stimulation  of  the  pharynx,  be  accompanied  by  vomiting  as  an  associ- 
ated movement  (§  120), 

The  cough  (dog,  cat)  caused  by  stimubtion  of  the  trachea  end  bronchi  occurs  at  once,  and  lasts 
OS  long  OS  the  stimulus  lasts  ;  in  Mimuiation  of  the  larnyx  the  first  eifect  is  inhibition  or  the  respira- 
tion accompanied  liy  mnvemenis  of  deglutition,  while  the  cough  occurs  after  the  cessation  of  the 
stimulation  [A'andarazky). 

The  superior  laryngeal  contains  aflerent  fibres  which,  when  stimulated,  cause  arrtst  of  the  rti- 
fiiratwn  and  clouire  of  the  rima  glottidii  [/imenthitl) — (see  Reipiratory  (rntre,  \  368).  Lastly, 
fibres  which  are  cfTercot  and  serve  to  excite  the  vasomotor  centre,  and  are  in  fact,  "pressarfhns" — 
(see  Vaiom&tor  ientre,  \  371,  II). 

{b)  The  inferior  laryngeal  f recurrenf)  bends  on  the  left  side  around  the  arch 
of  the  aorta,  and  on  the  right  around  the  subclavian,  and  ascends  in  the  groove 
between  the  trachea  and  oesophagus,  giving  motor  fibres  to  these  organs,  and  the 
lower  constrictors  of  the  pharynx,  and  passes  to  the  larynx,  to  supply  motor 
fibres  to  all  its  muscles,  except  the  cricothyroid.  It  also  has  an  inhibitory  action 
upon  the  respiratory  centre  {see  §  368). 

A  connecting  branch  run?,  frnm  the  superior  laryngml  to  Ihe  inferior  (the  aoAslomosis  of  Galen), 
which  occasionally  gives  oR"  sen%i>ry  branches  to  the  upper  half  of  (Kc  trachea  (Boracilmcs  to  the 
larynx  ?J;  perhaps,  also,  lo  the  tesuphapus  (Lcn^^i),  and  sensory  Blares  (?)  for  the  muscles  of  the 
larynx  supplied  by  the  recurrent  laryngeal.  According  to  Francis  Francli,  sensory  filires  pass  by 
tbit  anastomosis  from  the  recurrent  into  the  superior  laryngeal.  According  10  Waller  and  Burck> 
hard,  the  motor  fibres  of  both  larynceal  nervci  arc  all  derived  from  the  acccssonus;  while  Chau- 
maintains  Ih.il  the  cricr.lhyrnid  is  an  exception. 


K, 


itimulation  of  the  superior  laryngeal  is  painful,  and  causes  contraction  of 
the  cricothyroid  muscle  (while  the  other  laryngeal  muscles  contract  reflexly^. 
Section  of  both  nerves,  owing  to  i^aralysis  of  the  cricothyroids,  causes  slight  slow- 
ing of  the  respirations  {Sktarek).     In  dogs  the  voice  becomes  deeijcr  and  coarser, 
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owing  10  diminished  tension  of  !he  vocal  cords  {Longef).  TTie  larynx  h 
insensible,  so  that  saliva  and  particles  of  food  pass  into  the  trachea  and  lungs, 
without  causing  reflex  rnntraclion  of  the  glottis  or  coughing,  This  excites  "  tiao- 
matic  pneumonia,"  which  results  in  death  {FrUiiidntier). 

Stimulation  of  the  recurrent  nerves  causes  spasm  of  the  f^totiis.  Section 
of  these  nerves  paralyzes  the  laryngeal  muscles  supplied  by  them,  the  voic<  be- 
comes husky  and  hoarse  (in  the  pig — Ga/in,  Riolart^  1618)  in  man,  dog,  and  cat ; 
while  rabbits  retain  their  shrill  cry.  The  glottis  is  small,  with  every  inspiratioa 
of  the  vocal  cords  approximate  considerably  at  their  anterior  parts,  while  during 
expiration  they  are  relaxed  and  are  separated  from  each  other.  Hence,  the  inspi- 
ration, especially  in  young  individuals  whose  glottis  rcspiraloria  is  narrow,  i»  dif- 
ficult and  noisy  {LegaUois) ;  while  the  expiration  takes  place  easily.  After  a  few 
days,  tlie  animal  (carnivore)  becomes  more  quiet,  it  respires  with  less  effort*  ind 
the  jiassive  vibratory  movements  of  the  vocal  cords  become  less.  Even  after  i 
considerable  interval,  if  the  animal  be  excited,  it  is  attacked  with  severe  dyspnccs, 
which  disappears  only  when  the  animal  has  become  quiet  again.  Owing  to  panUytts 
of  the  laryngeal  muscles,  foreign  bodies  are  apt  to  enter  the  trachea,  while  !h« 
paralysis  renders  difficult  the  first  part  of  the  process  of  swallowing  in  the  CESOph- 
ageal  region.     Broncho-pneumonia  may  lie  produced  {Arnspergcr). 

6.  The  depressor  nerve,  which  in  the  rabbit  arises  by  one  branch  from  the 
superior  laryngeal,  and  usually,  also,  by  a  second  root  from 
the  tnmk  of  the  vagas  itself  [nms  down  the  neck  in  close 
relation  with  the  vagus,  sympathetic,  and  carotid  artcfj, 
enters  the  thorax],  and  joins  the  cardiac  plexus  (Fig.  .^90,  sc). 
It  is  an  afiercnt  nerve,  and  when  its  central  end  is  stimtt* 
laled  [provided  both  vagi  he  divided],  it  diminishes  the 
energy  of  the  vasomotor  centre,  and  thus  causes  a  fall  of  the 
blood  pressure  (hence  the  name  given  to  it  by  Cyon  «mI 
Ludwig,  §  371,  II).  At  the  same  time  [if  the  vagus  on  (he 
opposite  side  be  intact],  its  stimulation  affects  tkt  €ari»- 
inhibitory  centre^  and  thus  reflexly  diminishes  the  number  of 
heart  beats.  [Its  stimulation  also  gives  rise  to  pain,  «o  that 
it  is  the  sensory  nerve  of  the  heart.  If  in  a  rabbit  the  rtgi 
be  divided  in  the  middle  of  the  neck,  and  the  central  end 
of  the  depressor  nerve,  which  is  the  smallest  of  the  thiw 
nerves  near  the  carotid,  be  stimulated,  after  a  short  time 
there  is  no  alteration  of  the  heart  beats,  but  there  is  a  steadjr 
fall  of  the  blood  pressure  (Fig.  103),  which  is  due  to  a  reflti 
inhibition  of  the  vasomotor  centre,  resulting  in  a  dilatation 
of  the  blood  vessels  of  the  abdomen.  Of  course,  if  the  vap 
be  intact,  there  is  a  reflex  inhibitory  effect  on  the  heart.  It 
is  doubtful  if  the  depressor  comes  into  action  when  the  hrarl 
is  over-distended.  If  it  did,  of  course  the  blood  pressore 
would  be  reduced  by  the  reflex  dilatation  of  the  abdomiiul 
blood  vessels.] 

The  depressor  nerve  is  present  in  the  cat  {Bermkar4t\,  b«<dftlMi( 
{Aubert,  R&x'er),  rat  and  raou^c;  in  the  hursc  and  in  the  maa,  ftbra 
analogouft  to  the  depressor  reenter  the  mink  of  the  vagus  IB^rnharit. 
Krtidmann).  Depressor  6ljrcs  arc  also  found  in  the  rabbit  in  tlier~  ' 
or  the  vagus  (Drtsh/eUtt  SteUing). 
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7.  The  cardiac  branches,  as  well  as  the  cardiac  plexttf, 
have  been  described  in  §  57.  These  nerves  contain  the 
inhibitory  fibres  for  the  heart  (Fig.  390,  ic — cardio-iA- 
hibitory — Ed-ward  Weber^  November,  1845  ;  Budge^  independently  in  M*t, 
1846),  also  sensory  hbres  for  the  heart  [m  the  frog  {Budge)^  and  partly  in 
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mammals  (<?/?//s)].  I-astly,  in  some  animals  the  heart  receives  some  of  the 
accelerating  fibres  through  the  trunk  of  the  vagus.  Feeble  stimulation  of  the 
vagus  occasionally  causes  acceleration  of  the  beats  of  the  heart  {Schiff,  MoleschoU^ 
Gianuzzi).  [This  occurs  when  the  vagus  contains  accelerator  fibres.]  In  an 
animal  poisoned  with  nicotin  or  atropin,  which  paralyzes  the  inhibitory  fibres  of 
the  vagus,  stimulation  of  the  vagus  is  followed  by  acceleration  of  the  heart  beats 
{^Schiff,  Schmiedcbcrg)  [owing  to  the  unopposed  action  of  any  accelerated  fibres 
that  may  be  present  in  the  nerve,  e.g..,  of  the  frog]. 

8.  The  pulmonary  branches  of  the  vagus  join  the  anterior  and  posterior 
pulmonary  plexuseb.  The  anterior  pulmonary  plexus  gives  sensory  and  motor 
fibres  to  the  trachea,  and  runs  on  the  anterior  surface  of  the  branches  of  the 
bronchi  into  the  lungs.  The  posterior  plexus  is  formed  by  three  to  five  large 
branches  from  the  vagus,  near  the  bifurcation  of  the  trachea,  together  with 
branches  from  the  lowest  cervical  ganglion  of  the  symi>athetic  and  fibres  from  the 
cardiac  plexus.  The  plexuses  of  opposite  sides  exchange  fibres,  and  branches  are 
given  oflf  which  accompany  the  bronchi  in  the  lungs.  Ganglia  occur  in  the 
course  of  the  pulmonary  branches  in  the  frog  {Arnfltti,  JF.  Stir/ing)  [newt — IV. 
Stirling;  and  in  mammals  {Hemak,  Egenmt,  IV.  Stirling)],  in  the  larynx  [Cock, 
IV.  Stirling]^  in  the  trachea  and  bronchi  [  IV.  Stirling,  Kamtarazki'].  Branches 
proceed  from  the  pulmonary  plexus  to  the  p>ericardium  and  the  superior  vena  cava 
{Lusch^a,  Zuckrrkan/il). 

The  functions  of  the  pulmonary  branches  of  the  vagus  are — (i)  they  supply 
motor  branches  to  the  smooth  muscles  of  the  whole  bronchial  syi^ttrm  (§  io6 — 
Jiuy  ami  Graham  lirinvn) ;  (2)  they  supply  a  small  part  of  the  vasomotor  nerves 
of  the  pulmonary  vessels  {Schiff)^  but  by  far  the  largest  number  of  these  nerves 
(?  all)  IS  supplied  from  the  connection  with  the  sympathetic  (in  animals  from  the 
first  dorsal  ganglion) — {Brown-Siquard,  A.  Fick-,  Badoud^  Lichtheim);  (3)  they 
supply  sensory  (cough-exciting)  fibres  to  the  whole  bronchial  system,  and  to  the 
lungs;  ^4)  they  give  afferent  fibres,  which,  when  stimulated,  diminish  the  activity 
of  the  vasomotor  centre,  and  thus  cause  a  fall  of  the  blood  pressure  during  forced 
expiration;  ^5)  and  similar  fibres  which  act  upon  the  inhibitory  centre  of  the 
heart, and  so  influence  it  as  to  accelerate  the  pulso  beats  (§369,  If).  Simultaneous 
stimulation  of  4  and  5  alters  the  pulse  rhythm  {Sommerbrodt)  \  (6)  they  also  con- 
tain afferent  fibres  from  the  pulmonary  parenchyma  to  the  medulla  oblongata, 
which  stimulate  the  respiratory  centre.  [These  fibres  are  continually  in  action], 
and  consequently  section  of  both  vagi  is  followed  by  diminution  of  the  number 
of  resjiirations  j  the  respirations  l>ecome  deeper  at  the  same  time,  while  the  same 
volume  of  air  is  changed  {Valeniin\.  Stimulation  of  the  central  find  of  the  vagus 
again  accelerates  the  respirations  {  Traube,  J.  Rosenthal).  Thus  labored  and  diffi- 
cult respiration  is  explained  by  the  fact  that  the  influences  conveyed  by  these  fibres 
which  excite  the  respiratory  centre  reflexly  are  cut  off;  so  it  is  evident  that  cen- 
tripetal or  afferent  impulses  proceeding  upward  in  the  vagus  are  intimately  con- 
cerned in  maintaining  normal  reflex  respiration  ;  after  these  nerves  are  divided, 
conditions  exciting  the  respiratory  movements  must  originate  directly^  especially 
in  the  medulla  oblongata  itself  (§  368). 

Pneumonia  after  Section  of  both  Vagi, — The  inflammation  which  follows  section  of  both 
vagi  na^  attracted  the  attention  of  ninny  oti^ervcre  since  the  Lime  of  Valsalva,  Mor^agni  (J 740),. 
and  I<egalloi»  n8i3).  In  offering  an  explanation  of  this  phenomenon,  we  must  bear  in  mind  the 
following  coosideraiions:  (a)  ^Section  of  Itoth  va^  is  lollowed  l>y  U»9  of  fn<>/<"-  power  in  the 
miuclcs  of  the  larynx,  as  well  as  the  xensibUity  of  the  larynx,  trachea,  lironchi,  and  the  lunga,  pro- 
vided the  section  be  made  aliove  the  origin  of  the  superior  laryngeal  nerves,  llencc,  the  gluUis  is 
not  closed  daring  swallowing,  nor  is  it  closed  retlexly  when  foreign  lK>dies  (saliva,  panicles  of  f*Md, 
irrcspirmble  gases)  enter  the  respiratory  passages.  Even  the  reflex  act  of  toughmg,  which,  under 
ordinary  circumstances,  would  get  nd  of  the  olTcnding  IkkIics,  is  abolished.  Thus,  foreign  bodies 
may  readily  enter  (he  ]ung<t,  and  this  is  favored  by  the  fact  that,  owin^  to  the  simultaneous  paralysis 
of  the  ^rsophaguA,  the  food  remains  in  the  latter  for  a  lime,  and  may  therefore  easily  enter  the 
Uf;  nx.     That  this  constitutes  one  important  factor  was  proved  by  trauhe,  who  found  thai  the  pneu< 
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monui  was  prevented  when  he  caused  the  animals  to  ropire  by  means  of  a  tube  iiucned  bMo  the 
trachea  through  aii  aperture  in  the  neck.  If,  on  the  contrary,  only  Ihc  molor  recurrent  ncnritk 
were  divided  and  the  icsopha^us  lijjatured,  so  that  in  the  proce»»  of  attempting  to  sM^allow  food 
mutt  necessarily  enter  the  respiratory  passages.  **  traumatic  pneumonia  "  was  the  invariable  re- 
sult {Traube^  O.  frey).  (b)  A  second  factor  depends  on  the  circumstance  thai,  o«idk  to  tlw 
labored  and  ditTicult  respiration,  the  lungs  betome  surchargeii  u-i'fk  blood,  because  during  the  Iixik 
time  that  the  thorax  is  distended,  the  pressure  of  the  air  within  the  lungs  is  aboormally  tow.  Thu 
condition  of  congestion,  or  abnurmal  filling  of  the  pulmonary  vessels  uitb  MvxkJ,  is  foUowcd  by 
serous  exudation  (pulmonary  oedema),  and  even  by  exudation  of  hlood  and  the  furmation  of  p«a  m 
the  air  vesicles  {frty).  This  same  circumstanct:  favors  the  entrance  of  Huids  through  the  gUxtis 
K\  35'*  ^)^  ^'^  inlrodudion  of  a  tracheal  cannula  will  prevent  the  entrance  of  lluids  and  the 
occurrence  of  inHanimatton.  It  is  proLiable  that  a  partial  foralyiis  of  the  pnlmomary  vmsmmMl9f 
nerves  may  be  concerned  in  the  inflammation,  as  this  conduces  to  an  engorgement  of  the  puImoMrr 
capillaries,  (c)  Lastly,  it  is  of  conseiiucncc  to  determine  whether  tr,fhic  fitim  mrc  present  iq  the 
vagus,  and  which  may  intluence  the  normal  condition  of  the  pulmonary  tissues.  According  to 
Michaelson.  the  pneumonia  which  takes  place  immediately  after  section  of  the  vagi  occurs  especially 
in  the  lower  and  middle  lobes;  the  pneumonia  which  fnilows  section  of  the  recurrenls  occun  mvrt 
siovfly,  and  causes  catarrhal  intlamniation.  especially  in  the  upper  lobes.  Rabbits,  as  a  rule,  dtc 
within  twenty-four  hours,  with  all  the  S)mpiumsol  pntunionia;  when  the  above  menttooed  pre- 
cautions are  taken  ihey  may  live  for  several  days.  I>og?)  may  live  for  a  long  time.  If  the  vrh, 
loth,  and  1 2th  nerves  be  torn  oat  on  one  side  in  a  rabbit,  death  takes  place  from  pneumonia  (  Crnm- 
kagen).  In  birds,  bilateral  section  of  the  vagi  is  not  followed  by  pneumonia  ( Blaimvtli€,  StU- 
r0rAi,  because  the  ujiper  larynx  remains  capable  of  clo&ing  firmly^-death  takes  place  in  eij^  M 
ten  days  with  the  symptoms  of  tniinitton  {Embrisit,  Zander,  v.  Anref)^  while  the  heart  oadcr- 
goes  fatty  degeneration  (.£'iVAAffrj/),  and  so  do  the  liver,  stomach,  and  muscles  |2-.  A»rtp\. 
According  lo  Wnssilicff,  the  hean  shows  cloudy  sweUing  and  slight  waxltke  dqceneration.  Ptogt, 
which  at  every  respiration  open  the  glottis,  and  close  it  during  the  pause,  die  of  a^hj^ia.  Secbsa 
of  the  pulmonary  branches  has  no  injurious  effect  {Bidder). 

9.  The  oesophageal  plcxu3  is  formed  principally  by  branches  from  the  ragttf 
above  the  inferior  laryngeal,  from  the  pulmonary  plexus  and  below  from  the  trunk 
itseir  This  plexus  supplies  the  cesophagus  with  motor  power  (§  156),  the  sen- 
sibility which  is  present  only  in  the  up[)er  part,  and  it  also  supplies  fibres  capabk 
of  exciting  rr/Sf^-j  actions. 

10.  The  gastric  plexus  consists  of  (a)  the  anterior  (left)  termination  of 
the  vagus,  which  supplier  fibres  to  the  cusophagus  and  courses  along  the  small 
curvature,  and  sends  a  few  fibres  through  the  portal  fissure  into  the  liver; 
{if)  the  posterior  (right)  vagus,  after  giving  off  a  few  fibres  to  the  (jesopha^iB, 
takes  part  in  the  formation  of  the  gastric  plexus  to  which  (Z)  sympathfftc  fibres 
are  added  at  the  pylorus.  Section  of  the  vttgi  is  followed  by  hypcnemia  of 
the  gastric  mucous  membrane  {Panum^  Pincus),  but  it  does  not  inierfere 
with  digestion  {Bidder  ami  Schmidt)^  even  when  it  is  performed  at  the  cardta 
{Kritzlery  Schiff). 

11.  About  two-thirds  of  the  right  vagus  on  the  stomach  joins  the  ccslUc 
plexus,  and  from  it  branches  accompany  the  arteries  to  the  liver,  spleen.  }ap- 
creas,  duodenum,  kidney,  and  suprarenal  capsules.  The  vagus  supplies  mi,*tpr 
fibres  to  the  stomach,  which  belong  to  the  root  of  the  vagus  itself  and  not  to  tbc 
accessorius  iSti/iin^t  Sischoff,  Chauveau).  The  gastric  branches  also  cx>auio 
afferent  fibres,  which,  when  stimulated,  cause  rejfexiy  a  secretion  of  saiiisi  (§  145 1. 
It  is  undetermined  whether  they  alw  cause  vomiting.  For  the  effect  of  the  vagus 
upon  the  movements  of  the  intestine  (see  §  161).  According  to  some  otn 
servers,  stimulation  of  the  vagus  is  followed  by  movements  of  the  large  as  well  i> 
of  the  small  intestine  {Sti/lingt  Kupffer^  C.  Lmhvig,  Remak).  Stimulation  of  cbc 
peripheral  end  of  the  vagus  causes  contraction  of  the  smooth  muscular  5brcs  ia 
the  capsule  and  trabeculie  of  the  spieen  (in  the  rabbit  and  dog,  §  103).  Siimola- 
tion  of  the  vagus  at  the  cardia  causes  increase  in  the  secretion  01  urine  vith 
dilatation  of  the  renai  vesseis^  while  the  blood  of  the  renal  vein  becomes  morr 
arterial  (CV.  Bernard).  According  to  Kossbach  and  (Juellhorst,  a  few  v^tmmtttr 
fibres  are  supplied  by  the  vagus  to  the  abdominal  organs,  while  the  greaie&i  nnn- 
ber  comes  from  the  splanchnic.  According  lo  CEhl,  efferent  (centrifugal)  mutar 
fibres  run  in  the  vagus  (dog)  direct  to  bladder,  as  well  as  afferent  fibres  wbo« 
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stimulation  causes  reflex  contraction  of  the  biadder.     So  far,  this  observation  has 
not  been  confirmed. 

12.  Reflex  Effects. — The  vagus  and  its  branches  contain  fibres,  some  of 
which  have  been  referred  to  already,  which  act  rcflexly  (afferent)  upon  certain 
nervous  tntchanisms. 

('i)  On  ibc  vasomotor  centre  there  act  {a\ prtnor  fihrea  (especially  in  both  laryngeal  nerves]. 
whose  siimolation  is  followed  l>y  a  reflex  conlraction  oT  the  a<terial  blood  channels  and  thus  cause 
a  riae  of  the  blfx>d  prcuure ;  (^)  depresior  6brcs  (in  the  d<:prc]isor  or  the  vagus  itAcIf),  which  have 
exactly  an  opposite  dfect.  (This  subject  i&  specially  referred  to  under  the  head  of  the  Vasomotor 
mtrv^ftHlrf,  j  371.) 

{b)  Ui)  the  respiratory  centre  there  act  (a)  6bres  (oulmonary  branches)  whose  stimnlation  is 
followed  \rf  aciflrraiian  of  the  itipiriiiion  ;  and  (/*)  iw^/Ai/c^  libres  (in  IhmH  larj-ngeals),  whose 
Stimolation  i»  followed  by  \lo»ing  or  arreirt  M  the  respiration.     (S-.e  Reipiator^'  .enire^  \  368.) 

{()  On  the  Cardio<inbibitory  Systetn. — [When  the  tentral  exi<\  of  one  vagus  is  stimulated, 
provided  the  other  vagus  is  intact,  the  heart  may  lie  arrested  r^/^/j/t- inthc  diastolic  phase.]  Mayer 
and  Prihtain  observed  that  sudtlen  distention  of  the  htumach  caused  slowing  and  even  arrest  of  the 
heart,  while  at  the  same  time  there  was  contraction  of  the  arteries  of  the  medulla  oblongata  and 
increase  of  the  blood  pressure. 

(</)  On  ihe  Vomiting  Centre, — This  centre  may  be  affected  by  stimulation  of  the  tentral  end 
of  the  vagus,  an<l,  as  already  mentioned,  by  stimulation  of  many  aiTerent  fibrrs  in  the  vagus  \\  15S). 

(/)  On  the  Pancreatic  Secretion. — Stimulmion  of  the  cfntral  end  of  the  vayus  is  followed  by 
artat  of  this  secretion  (|  171 ). 

(/)  According  to  Q.  Bernard,  there  are  fitires  present  in  the  inilmonary  nerves,  which,  when 
they  are  stinuilated,  increase  reflexly  the  formation  of  sugar  in  the  liver,  perhaps  through  the 
hepatic  branches  of  the  vagus. 

Unequal  Excitability. — The  various  branches  of  the  vagus  are  not  all  endowed  with  the  same 
d^ree  of  exeitability.  If  the /^rz/A^ra/ end  of  the  vagus  l»e  stimulated  trrst  of  all  with  a  weak 
stimulus,  the  laryngeal  muscles  arc  first  affected,  and  afterward  the  heart  is  slowed  {Ruthfrf<yrd ). 
If  the  (eniralKwd  be  stimulated  with  feeble  stimuli,  the  "  excito-respiratory  "  fibres  are  exhausted 
before  the  " inhibito-respiralory "  {Burkftri).  According  to  Stciner,  the  various  fibres  arc  so 
arranged  in  the  vagus  that  Ihe  afferent  tibrcs  lie  in  the  outer,  and  the  eiTerent  in  the  inner,  half  of 
the  trunk,  in  the  cervical  region. 

Pathological. — Stimulation  or  paralysis  in  the  area  of  the  vagus  must  necessarily  present  a  very 
differeoi  picture  according  as  the  arTeciion  is  referred  to  the  whole  trunk  or  only  to  some  of  irx 
branches,  or  whether  the  affcclion  is  unilateral  or  bilateral.  Paralysis  of  the  pharynx  and 
oesophagus,  which  is  usually  of  central  or  intracranial  nngin,  interferes  with  or  aboli^he^  iteglu- 
tition,  so  that  when  the  cesophagua  becomes  filled  with  food  there  is  diBiculiy  of  breathing,  and  the 
food  may  even  pass  into  the  nasal  cavities.  A  [>cculiar  sonorous  gurgling  is  occasionally  heant  in 
the  relaxed  canal  (deglnlatio  sonora).  In  incomplete  paralysis  the  act  of  deglutition  is  delayed 
and  rendered  more  dif!icuU,  while  large  masses  are  swallowed  more  easily  than  small  ones. 
IntrtiMUii  coHlraitiim  and  spasmodic  stricture  of  the  oesophagus  are  referred  to  under  the  phe* 
nomeua  uf  general  nervous  excitability  (^  1N6). 

Spasm  of  the  laryngeal  muscles  caimes  spasmr^dic  closure  of  Ihc  glottia  {Spasrnut  gloi/i.iu). 
This  condition  is  most  apt  to  occur  in  chddreii,  and  takes  place  in  paroxysms,  with  symptoms  of 
dyspDcea  and  crowing  inspiration ;  if  the  case  be  very  severe,  there  may  be  muscular  contractions 
(of  the  eye.  jaw.  digit*,  etc.).  The  symptoms  are  ver)*  probably  due  to  the  rettex  spasms  wliich 
may  l>e  (lischargei)  trom  the  sensory  nerves  of  several  areas  (teeth,  intestine,  skim.  The  impulse 
is  conducted  along  the  seniiory  nerves  proceeding  from  these  areas  to  the  medulla  oblongata,  where 
11  causes  the  discharge  of  the  retlex  mechanism  which  produces  the  above-mentioned  results. 
'Ihere  may  lie  s[uuim  of  the  dilators  of  the  glutiis  {Frantztly  and  other  laryngeal  muscles. 

Stimulation  of  the  semory  nervc.<i  of  the  larynx,  xi  i»  well  known,  produces  coughing.  If  the 
slimutatton  be  ver)-  intense,  as  in  whooping-cough,  the  tlbres  I>iiig  in  the  laryngeal  nerves,  which 
inhibit  the  respiratory  centre,  may  al»o  be  stimulated ;  the  number  of  respiraiinns  is  diminished, 
and  uhimatety  the  respiration  ceases,  the  diaphragm  being  relaxed  :  while,  with  the  most  intense 
stimulalton,  there  may  be  spasmodic  expiratory  arrest  of  the  re$i>iration  with  closure  of  the  glottis, 
which  may  last  for  5lieen  seconds.  Piiralysis  of  the  laryngtal  nents,  which  causes  disturbances 
of  if>tfth,  has  been  referred  to  in  \  313.  In  hilattral  pariilysis  of  the  rtturrent  n^n-fs,  in  conse- 
quaice  of  tension  upon  them  due  to  dilatation  of  the  aorta  and  the  subclavian  artery,  a  con<kler- 
able  amount  of  air  is  breathed  out,  owing  to  the  futile  cffurt^  which  the  patient  makes  in  trying  to 
speak;  expeaoration  is  more  difficuh,  while  violent  coughing  is  impossible  (f.  Zirmss^n).  Attacks 
of  d]r^nu»  occur  just  as  in  animals,  if  the  j^erson  make  vuilcnt  ctTorts.  Some  ot)ser\eTs  (.Sd/z^r, 
BfrgioH)  have  referred  the  asthma  nervosum  i>aroxysnis,  which  laM  fur  a  quaner  of  nn  hour  or 
more,  and  constitute  as!hm,i  btcnchiaU,  to  stimulation  of  the  pulmonary  plexus,  causing  spasmodic 
contraction  of  the  bronchial  muscle  \\  106).  Physical  investigation  dunng  the  |taroxysms  reveals 
nothing  but  the  existence  of  some  rhonchi  ({  117}.     If  this  condition  is  really  spasmodic  in  its 
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ntlure  (?  of  the  vessels],  it  tnast  be  usually  of  a  reflex  characier :  the  afferent  nerves  oiaj  be  tboM 
of  the  lung,  skin  or  genitals  (in  hysteria).  I'erhaps,  however,  it  is  due  to  a  (emporary  panl)«ii  uf 
the  pulmonary  nerves  (afferent),  which  excite  the  respiratory  centre  (rxcitu-respiniiury). 

Stimulation  of  the  cardiac  branches  of  the  vagus  may  cause  attacks  of  temporary  sospcniioo  of 
the  cardiac  cnntractions,  which  arr  accompanied  by  a  feeling  of  great  depression  and  of  uBpcadbf 
dissolution,  with  occasionally  juin  in  the  region  of  the  heart.     Attacks  of  ibts  sort  may  De  pio- 


duced  rtflcxly,  t^.,  by  stimulation  or  irritation  of  the  abdominal  organs  (as  in  the  experiment  of 
(ioUz  of  upping  the  intcsrincs).  Heniioch  and  Silbenrann  observed  slowing  of  the  actkm  of  the 
heart  in  children  suffering  from  gaMric  irritation.  Similurly,  the  re^p)rutiun  may  be  afiecird  reAciJy 
through  the  vagus,  a  condition  descnt>ed  by  Hennoch  as  asthma  dyspepticuni.  In  ciMs  oJf 
intennitieni  paralysis  of  the  cardiac  branches  of  the  vagus  we  rarely  find  aweleralian  of  the  pulse 
above  l6o  {/iifgel),  30o  (  Tucifk,  L.  Lan}^er,  IVtil)  \  even  240  pulse  beats  per  minute  have  rvca 
recorded  {KHpp^*'t)%  and  in  such  cases  the  bents  vary  much  in  rhythm  and  force,  and  they  arc  vay 
irregular.  These  casck  require  to  be  more  minutely  analyzed,  as  it  is  not  clear  how  much  ts  dac  10 
paralysis  of  the  vagus  and  how  much  to  the  action  of  the  accelerating  mechanixm  nf  the  bran 
Little  is  known  of  affection*  of  the  inira-abilomiunt  ^hxt%  of  the  vagus.  It  *ecin*  that  the  *eiiKir7 
branches  of  the  stomach  do  not  come  from  the  vagus.  If  the  trunk  of  the  vagus  or  its  centre  be 
paralysed,  there  are  labored,  deep,  slow  respirai ions,  such  as  follow  section  of  both  va^  (  Gmiimtmm). 


333.  XI.  NERVU3  ACCBSSORIUS  WILUSII— Anatomical.— This  ncn/e 
by  iwu  cunipleiely  separate  roi^iR;  vnc  from  the  accessoHus  nucleus  of  the  medulla  obloD(aU 
(Fig.  384,  1 1),  which  is  connected  with  the  vagus  nucleus  ;  while  the  other  root  ari<e\  (vtweco  the 
anterior  and  posterior  nerve  roots  from  the  spinal  cord,  usually  between  the  5lh  and  6th  cerricil 
vertcbrjL*.  In  the  interior  of  the  spinal  cord  its  hhrcs  c  in  tc  lr,tced  to  an  ctongale«.l  nucleus  lyio{ 
on  the  outer  side  of  the  anterior  comu,  as  far  downward  as  the  5ih  cervical  vertebra.  Near  the 
jugular  foramen  both  portions  come  together,  but  do  not  exchange  tibrcs  \HeU )\  both  roots  aAcf- 
wnrd  separate  from  each  other  to  form  two  distinct  branches,  the  anterior  (iMw^rl,  which  aitso 
from  the  medulla  oblongata,  passing  tn  masse  into  the  plexus  gangliiformis  vagi.  This  branch  «vp 
plies  the  vagus  with  most  of  its  mofer  fibres  (compare  ^  353,  3),  and  also  i\s  rart^t^iitJki^frj 
Hbres.  If  the  accessorius  l)e  pulled  out  by  the  root  in  animals,  these  heart  tibrcs  undergo  degcttcn^ 
tion.  If  the  trunk  of  the  vagus  be  stimulated  in  the  neck  four  to  tivc  days  after  the  operUtoR,  the 
action  of  the  heart  is  no  longer  arrested  thereby  [owing  to  the  degeneration  of  the  cordio  inhiliitorT 
librcs]  (IVaiUr,  Sxhiff,  Dasdiitrtiticz,  //iriJmAain);  according  to  llcidenhain,  the  hcan-bcais  «« 
accelerated  imnicdi.itety  after  pulling  out  ihc  nerve.  [The  upper  cervical  meiamcres  or  teffantt 
give  origin  not  only  to  the  anlcrior  and  posteiiur  roots  of  the  corresponding  nerve  routs,  but  Stftmm 
these  roots  arise  the  roots  of  the  spinal  accessory  nerve.  This  nerve  conuini  /ar^e  medulJatcd  ocm 
tibrcs  Amijiu/  medullated  fibres  such  as  characterize  the  visceral  branches  of  the  thoracic  and  ucral 
regions  {|  J56}.  Hie  nerve  passes  by  the  jugular  ganglion  of  the  vagus,  then  divides  ioto  the 
external  and  internal  branch.  All  the  large  lihres  pass  into  the  exiemal  branch,  which,  aloof  viih 
branches  from  the  cervical  plexus,  supply  the  sterno-mastoid  and  trai)ezitt8.  The  inicmal  biaadi, 
composed  of  small  Rbrcs^  passes  into  the  ganglion  of  the  trunk  of  the  vagus.  Gaskell  ibcrelbR 
regards  the  internal  branch  "  a«  formed  by  the  rami  vtsceralcs  of  the  upper  cervical  aiwl  va(u 
nerves.''  These  line  medullated  nerve  Bbres  probably  arise  from  the  cells  of  the  posterior  vcsicoiar 
Lolunin  of  Clarke.  The  motor  libres  to  the  trapezius  and  ster no- mastoid  arise  from  the  cells  of  tbe 
lateral  horn  of  gray  matter.] 

The  external  branch  arises  front  the  spinal  roots.  This  ncn-e  cotnmunicatn 
with  the  sensory  branches  of  the  posterior  root  of  the  ist,  more  rarrly  of  the 
2d  cervical  nerve,  and  these  fibres  supply  sensibility  to  the  muscles ;  k  then  turns 
backward  above  the  transverse  process  of  the  atlas,  and  terminates  as  a  motor 
nerve  in  the  sterno-mastoid  and  trapezius  (Ga/en,  t^a/^ntiri,  io/hna/tn).  The  Utter 
muscle  usually  receives  motor  fibres  also  from  the  cervical  plc-xas  (Fig.  386). 

The  cxicmftl  branch  communicates  with  several  cervical  nerves.  Thc»e  fibres  cither  p«rhcifMte 
in  the  innervation  of  the  above-named  muscles  or  the  acccssorius  returns  part  of  the  sensory  &bm 
supplied  by  the  posterior  roots  of  the  two  upper  cervical  nerves. 

Pathological. — Sftmu/ation  of  the  ou/er  branch  causes  tonic  or  dooic  spasm  of  the  above-osnc^ 
muscles,  usually  on  one  side.  If  the  branch  to  the  sterno  mastoid  t>c  atlected  alone,  the  bead  m 
moved  with  each  clonic  s[ttism.  If  the  afTectiun  be  bilateral,  the  spasm  usually  takes  place  oo  oppo- 
iite  Hides  alternately,  while  it  is  rare  to  have  it  on  txHh  sides  simultaneously.  In  spaain  of  iba 
Irapcxlui  the  head  is  drawn  lAckward  and  to  the  side.  7'onn-  contraciion  of  the  flexors  of  the 
head  causes  the  characteristic  position  of  the  head  known  as  caput  obstipum  (spasticum)  or  wry- 
neck. In  paralytii  of  one  of  these  muscles  the  head  is  drawn  toward  the  sound  side  (tonicoUis 
paralyticus).     Paralysis  of  the  tra[}czius  is  usually  only  partial. 

Paralysis  of  the  whole  trunk  of  the  ^nal  accessory  (usually  caused  liy  central  condttkaak 
besides  causing  paralysis  of  the  stemo  mastoid  and  trapezius,  also  paralyzes  the  motor  braaclMiiN 
the  vagus  alrcacly  referred  to  {Erb^  Frdnktl^  Hoh), 
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354-  Xn.  NBRVUS  HYPOGLOSSUS.— Anatomical.— It  wiks  from   two  iarge-cflUii 

liiclei  wiihin  ihe   lovvr-t   i^art  of  the  calamus  scripiorius,  anil  one  adjoining  small-telUd  nucleus 

(AW//t),  while  additional  fibres  come  from  (he  hrain  ({  378),  and  also  p«r!iaj;s  from  the  olive  (Fig. 

jS^.  12).   Ii  sprint's  by  10  lo  15  twi^  in  a  line  with  the  anterior  roots  of  the  spinal  ncive  (FiC-385, 

rlX).     In  its  development  part  of  the  hypoglossal  behaves  a:i  a  spinal  nerve  SFrarifp). 

\    Function. —  It  Ls  motor  to  all  the  muscles  of  the  tongue,  including  the  genio- 
hyoid and  thyro-hyoid. 

Connections. — The  trunk  of  the  hypoglossal  is  connected  with — ( i )  the  sufterior  cemuat gan^lien 
ofthcjvw/tfMi'/i't-.  which  supplies  it  with  vasomotor  librcs  for  the  hlood  vessels  of  the  tongue.  After 
MClion  of  the  hypoglossal  and  lingual  nerves,  the  currespondiu);  half  of  the  tongue  becumes  red 
and  congcMcd  {S^hiff).  (z)  There  is  also  a  branch  from  the  plexus  cangliiformis  vagi,  its  small 
lingual  branch  to  the  commencenieni  nf  the  hypoglossal  arch.  These  fil>rcs  supply  the  hypoglossal 
with  iens<*ry  fibres  for  the  mmcUs  of  ike  tongue,  for  even  efler  section  of  the  lingual  the  tongue  still 
|>09MSMS  dull  sensibility.  It  is  uncertain  whether  Bbrcs  with  a  simitar  fuiicliun  arc  partly  derived 
from  the  cervical  nerves  or  from  the  anastomosis  which  takes  place  wiih  the  lingual.  {_j)  It  if 
united  with  the  w/yVr  cervUnt  nerves  by  means  of  the  lof>|w  known  as  the  ansa  hy[x>gla>si.  These 
connecting  filwcs  run  in  the  dciccndcns  noni  10  the  stcrno-hyoid,  omo-hyoiJ  nnjj  stcrno- thyroid.  Cer- 
vical Bbres  do  not,  as  a  rule,  enter  the  tungue;  stimulalinn  of  the  root  nf  the  hypoglossal  aci:^  upon 
the  above  named  muscles  only  very  rarely  and  to  a  very  slight  extent  {^Volkmann).  (Compare 
O97.  3.  <«''  ?3J(>.  III.) 

Bilateral  section  of  the  nerve  causes  connplete  motor  paralysis  of  the  tongtie. 
Dogs  can  no  longer  lap  ;  they  bite  the  flaccid  tongue.  Frogs,  which  seize  their 
prey  with  the  tongue,  must  starve;  when  the  tongtie  hangs  from  the  mouth,  it 
must  prevent  the  closure  of  the  mouth,  so  that  these  animals  mtist  die  from 
asphyxia*  as  air  is  ptimped  into  the  lungs  only  when  ibe  mouth  is  closed. 

Pathological. — Paralysis  of  the  hypoglossal  (glossoplegia),  which  is  usually  central  in  its 
origin,  causes  disturbance  of  j/^^^^  ({  319).  [In  unilateral  palsy  the  tongue  lies  in  the  mouth  in 
its  normal  position,  but  the  base  is  more  prominent  on  ihe  [laralyxcd  side.  When  the  tongue  is 
protruded  it  passes  to  the  sound  side  by  the  genio  hyoglossus  {\  155).]  Paralysis  of  the  tongue 
also  interferes  with  masiicaiion,  the  furm-iiion  of  the  bolus  in  the  mouth,  and  deglutition  in  the 
mouth.  Owing  to  the  imperfect  movements  of  the  tongue,  A/jf"?  is  imperfect,  and  the  singing  of 
high  note«  and  the  falsetto  voice,  which  require  certain  p'^&itions  of  the  tongue,  appear  to  be  imy^os- 
siblc  {Bennnti). 

Spasm  of  the  tongtie,  which  causes  aphlhongin  ($  318).  is  usually  reHcx  in  its  origin,  and  is 
extremely  rare.  Idiopathic  cases  of  spasm  of  the  tongue  have  been  described;  the  seat  of  the  irri- 
tation lay  either  in  the  cortex  cerebri  or  in  the  oblongata  (Btrger,  £.  /i!ema<t).  h'or  Pseu do- motor 
Action,  p.  632. 

355.  THE  SPINAL  NERVES.— Anatomical.— The  thirty-onc  pairs  of  spinal  nerves  arise 
by  means  uf  a  posterior  root  (consisting  of  a  few  large  ruunded  bundles)  fruni  the  sulcus  between 
the  posterior  and  lateral  columns  of  the  spinal  cord,  and  by  means  of  an  anterior  root  [consisting 
of  numerous  fine  tint  strands),  from  the  furrow  between  the  anterior  and  lateral  columns.  Ihe 
posterior  roots,  with  the  exception  of  the  1st  cervical  nerve,  are  the  larger.  Occasionally  the  roots 
on  opposite  sides  are  not  symmetrical;  one  or  other  root,  or  even  a  whole  nerve,  may  be  absent 
fnjm  tlie  dorsal  rcgiou  {JilamkifwUsi.  On  the  posterior  root  is  the  >pint!lc  shaped  spinal  gan- 
glion (J  321,  II,  3),  which  is  uccasionally  double  on  the  lumhiar  and  sacial  nerves  BeyonJ  the 
Xan^lion  the  two  roots  unite  to  form  within  the  spinal  canal  the  mixed  trunk  of  a  spinal  nerve. 
The  branches  of  the  nerve  trunk  invariably  contain  fibres  cuiniiig  from  both  tools.  The  number  uf 
fibres  in  the  nerve  trunk  is  exactly  the  same  as  in  the  two  roots;  hence,  we  mu^t  conclude  th.tt  the 
nerve  cells  in  the  spinal  ganglion  are  intercalated  in  the  court<e  of  the  fibres  (Gtiule ami  fiir^'e). 

[Structure  of  a  Spinal  Ganglion. — The  ganglion  is  invested  by  a  thin,  firmly  adliercnt  sheath 
of  connective  tissue,  which  sends  processes  into  the  sweUing.  and  is  continuous  with  the  sheaths  of 
the  nerve  entering  and  leaving  the  ganglion  {Pig-  39l|  ^)-  A  longitudinal  section  of  such  a  gan- 
glion exhibits  t)>e  cells  arranged  in  groups,  with  strands  of  nerve  fibres  coursing  longitudinally 
between  them  'Fig. 391.  a,  ^).  The  ner\'c  ceils  arc  usually  globular  in  furm,  with  a  diumct  capsule 
lined  with  epithelium,  and  the  cell  substance  itself  contains  a  welKdelined  nucleus  with  a  nuclear 
envelop;  and  a  nucleolus.  The  capsule  of  the  cell  is  c  MJtinuous  with  the  vhealh  of  Schwarn  of  n 
ner*e  fibre.  The  ex.ict  relation  between  the  nerve  fibres  and  the  nerve  cells  i»  diflicult  to  establish, 
Imt  it  is  probable  that  each  nerve  cell  is  connected  with  a  ncr^x  fibre.  In  the  spinal  ganglia  of  the 
vertebrates  above  fishes,  and  also  in  the  Gas^crian  ganglion,  cells  are  f ^und  with  a  single  process  or 
lihre  attachctl  lo  them,  the  nerve-6bre  process  not  unfrequenily  coiling  a  few  times  within  the  cap- 
sule. Tliis  process,  after  emerging  from  the  capsule,  becomes  coa*cd  with  my*  !in,  and  usually 
s<>on  divides  at  a  node  of  Ranvier  1  I*'ig.  341./).  Ranvier,  who  first  ol>*cTved  this  arrangement, 
descnlied  it  as  a  ^shaped  hbrc.    These  nerve  cells  with  *f  sha[>cd  fibres  have  been  observed  in  the 
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spinal  gaoglia  o(  all  vertebntles  above  fishes,  in  the  Gass«rbin  and  geniculate  ^nglia,  ts  well  as  in, 
ihe  jugular  and  cenncal  ganglia  of  the  vagus.  In  fishes  the  ncivc  cells  of  the  spinal  gan^tU  a»^ 
bipolar  (Fig.  335,4)-] 

Bell's  Law.— Sir  Charles  Bell  discovered  (iSiO  that  the  anterior  root*  o- 

the  spinal  nervos  are  motor,  the  posterior  are  sensory. 

Recurrent  Sensibility.— Magendie  discovered  (1822)  the  remarlcable  fj 
\hs\  sensory  fibres  z.t^  also  present  \r\  the  anterior  roots,  so  that  their  stimulali< 
causes  paiti.  This  is  due  to  the  fact  that  sensory  fibres  pass  into  the  anterior  r< 
after  the  two  roots  have  joined,  and  these  fibres  run  in  the  anterior  root  in 
centripetal  direction  {Schiff,  CL  Bernard),  The  sensibility  of  the  anterior 
is  abolished  at  once  by  section  of  the  posterior  root.  This  condition  is  calli 
''recurrent  sensibility"  of  the  anterior  root.  When  the  sensibility  of  iif 
anterior  root  is  abolished,  so  is  the  sensibility  of  the  surface  of  the  spinal  cor^-w 
in  the  neighborhood  of  the  root.  A  long  time  after  section  of  the  anterior,  air.^« 
when  the  degeneration  phenomena  have  had  time  to  develop  {§  325).  a  few  noc:^^ 
degenerated  sensory  fibres  are  always  to  be  found  in  the  central  stump  (&>v^^5 
Vulpian).  Schiff  found  that,  in  cases  where  the  motor  fibres  had  undergid^ 
degeneration,  there  were  always  non-degenerated  fibres  to  be  found  in 
anterior  root,  which  passed  into  the  membranes  of  the  spinal  cord.  The  sew 
fibres  pass  into  the  motor  root,  either  at  the  angle  of  union  of  the  roots. 

Fig.  391. 


LoDsiludinal  «actioa  of  a  spinal  gangUoD.    a,  ocrve  fibre,  b.  oerve  oelU,  tt  ca^Mila. 

the  plexus,  or  in  the  region  of  the  peripheral  terminations.  Sensory  fibres  en t^ 
many  of  the  branches  of  the  motor  cranial  nerves  at  their  periphery,  and  after- 
ward run  in  a  centripetal  direction  (p.  O37).  Kven  into  the  trunks  of  sens^ 
nerves,  sensory  branches  of  other  sensory  nerves  may  enter.  This  explains  the 
remarkable  observ.ition,  that  after  section  of  a  nerve  trunk  {e.g.^  the  median), 
it-*  peripheral  terminations  still  retain  their  sensibility  \Artoing  and  Tnpier), 
The  tissue  of  the  motor  and  sensory  nerves,  like  most  other  tissues  of  the  body* 
is  provided  with  sensory  nerves  {A'ervi  nervorum,  p.  565). 

[It  docs  not  rollow  that  section  of  a  peripheral  cutaneonv  nerve  will  cause  anarsthe^a  in  Ute  ^an 
10  which  it  is  distnlmted;  in  fact,  one  of  (he  principal  nerve  trunks  of  ihe  Iwachial  plrtus  tiujr  be 
divided  without  giving  rise  lo  cumptele  antcsihcsiii  in  any  part,  of  the  area  of  disinbuhoo  of  iW 
acn^iory  branches  of  the  nerve,  and  even  if  there  be  partial  or  complete  cutaneous  anjcathcu  il  tt 
much  less  in  extent  than  corrcspnndii  to  the  anatotnical  area  of  distribution.  The  aiiarsiliclk  MM 
icnls  to  become  smaller  in  extent  (  Koss).  Thus  there  is  not  complete  inde|>en<tcncc  in  the  dfaCn* 
buiion  of  lhej«  nerves.  These  results  are  explained  by  the  anastomosis  between  branches  of  ncnes, 
Ihe  exchange  of  hbres  in  the  terminal  networks,  while  some  senwry  fibres  emer  ibe  pcnfJkCiml 
parts  of  a  nerve  and  run  centnpcially,  perhaps  being  distributed  to  tfae  ikin  and  confertiiig  igcmtrM 
sensibility  on  the  peripheral  pari  of  the  nerve.] 

Relative  Position  of  Motor  and  Senaory  Fibres. — In  embryos  (rabbit)  the  noior  fibrttfldB 
more  flceply  with  carmine  than  the  sensory  fibres,  so  that  their  pontion  in  the  pcripbcnl  awm  of 
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dlsmbntion  mty  rhereby  be  made  out.  In  the  nnterior  hramh  of  a  spinal  nerve,  the  sensory  fit)re« 
lie  in  the  outer  part  of  the  branch,  the  motor  in  the  inner  |>ari ;  while  this  relation  is  reversed  in  the 
posterior  root  (/.  Lowe). 

Deduction  from  Bell's  Law. — Careful  observation  of  the  eflfects  of  section 

of  the  roots  of  the  spinal  nerves  {Magendie,  J823),  as  well  as  the  discovery  of  the 
reflex  relation  of  the  stimulation  of  the  sen!>ory  roots  to  the  anterior,  constituting 

Fig.  393. 


Fig.  39a. 


to  mt 

UUtribuUon  pr  rhe  cuuneous  nerves  of  ihe  arm. 
A,  dorul  kurfacc:/  /r,  tupm-cUvicubtr:  /nj-. 
axillary  ;  j  e/i,  superior  posterior  cuuaeou* : 
4  rm4.  median  cuuiticoiw:  <  </i ,  inferior  pat> 
tenor  ciii.incoiu ;  6r*v.  meatan  cuuneou<:  7 
ti.  bitcral  cutnneoui :  8  n,  ulruir :  g  r>*,  ndiail : 
fO  me,  mediiw ;  B,  voUt  lurface ;  /  /f,  tupra- 
claviciilar :  tax,  axtlttry;  1  <*mJ,  internal 
cutaDeau%:  4  tt,  Ulentl  cuianeous ;  j  mt,  cu- 
medtut :  t>  me,  median ;  7  m,  ulnar- 


UiftriSutioa  of  the  cutaneous  nerves  of  (he  Itt 
(rafter  Hcnlc).  A.  AiiIcHoriiuH!ac« — t.cnirM 
serve;  v,  external  UtenU  cuuneout ;  t,  ilio- 
tii);ii4ii«l:  ^  luiabo-inciiiaal;  5,  eilcmar  *pcr> 
ni;)tic;  6,  potierior  cutaneous:  j,  obturator; 
S,  icrcai  vBphcmni* ;  9,  coot  mum  rating  pero- 
neal: 10,  •npcrficial  peroneal ;  11.  deep  pcrtv 
Heal ;  1*,  coniBiunleaiinit  tihiol.  D.  Fdi tenor 
aiiHace— I,  pintcrior  cut<ineou>:  3.  external 
feraortl  eulaneom;  3.  obturator;  4,  median 
iMiAtcniir  femonil  cuUneotm  :  s.  commnnicu- 
In{  peroneal;  6,  xreal  sAphenous  :  7,  commu- 
nicating  tibial:  S,  plitntar  ciimneaiu ;  9,  nc> 
citan  plantar  :  to,  lateral  planur. 

-eflex  movements  {AfarskaU  HalL  Johannes  Afu/ier,  iSjj),  enable  us  to  deduce 
the  following  conclusions  from  Bell's  law  :  i.  At  the  moment  of  section  of  the 
anterior  root,  there  is  a  cpntraciion  in  the  muscles  supplied  by  this  root.  2. 
There  is  at  the  same  time  a  sensation  of  pain  due  to  the  '*  recurrent  sensibility.'* 
3,  After  the  section,  the  corresponding  mmcUs  z.^^  paralyzed.     4.  Stimulation  of 
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the  peripheral  trunk  of  the  anterior  root  (immediately  after  the  operation)  cwstm 
contraition  of  the  muscles,  and  eventuallv  pain,  owin);  to  the  recurrent  sensibility. 
5.  Stimulation  of  the  central  end  is  ivitJiout  effect.     6.  The  peripheral  end  of  the 
motor  nerves  degenerates  within  a  short  time  (§  325,  4).     7.  The  central  end 
degenerates  somewhat  later  (§  325,  3).     8-  The  sensibility  of  the  paralyzed  part* 
is  retained  completely.     9.  At  the  moment  of  section  of  the  posterior  root_ 
there  is  severe /d/fl.      10.  At  the  same  time  movements  are  discharged  rcfiexly— 
1 1.  After  the  section  all  parts  supplied  by  the  divided  roots  are  devoid  of  sensi- 
bility.     I  a.  Stimulation  of  the  peripheral  trunk  of  the  divided  nerve  is  withou"^ 
effect.     13.  Stimulation  of  the  central  end  causes  pain  and  reflex  movements  ^ 
14.  With  reference  to  the  degeneration  of  the  peripheral  end  of  the  sensory  fibrts^ 
^c  §  325*  4>      15.  The  central  end  ultimately  degenerates.      16.   Movement  U 
tained  completely  in  the  paralyzed  parts,  e>  ^'.,  in  the  extremities. 

IncoOrdinatcd  Movements  of  Insensible  Limbs. — After  leciioD  of  the  posterior  roob^  /. 
of  [he  nerves  for  the  potierior  enlreniiiieft,  the  tnuscle<  refain  their  movements,  ttevenbdcfi  itM 
are  characteristic  di^urtKinccs  of  their  motor  power.     This  is  expressed  in  the  awkward  mattorr 
which  the  animal  executes  its  movements — it  ha&  lost  to  a  lar|;e  extent  its  harmony  and  elcgsnce 
motion.     This  is  (!ue  to  the  fnct  that,  owinji  to  the  absence  of  the  ienMl^lity  of  ibc  muicics  • 
skin,  the  animal  is  no  longer  conscious  of  the  resistance  which   is  oppoHctl  to   its 
Meiice  the  de};rec  of  muscular  energy'  necessary  fur  any  particular  ctfurt  cnnrtol  be 
graduated.     Animals  which  have  lost  the  sensibility  of  their  cxiremiiics  often  ftllow  their  I 
to  lie  in  abnormal  positions,  such  a£  a  healthy  animal  would  not  tolerate.      In  man  ai«o,  wbm 
peripheral  ends  of  the  cutaneous  nerves  are  degenerated,  there  are  ataxic  phenomena  {\  364. 

Increased    Excitability.— I larless  (1S58),   Ludwig,  and   Cyon  (conirDvene<l    by   v. 
Uspensky,  Lirilnhagrn,  and  G.  Hetdcnhain)  observed  that  the  anterior  root  is  more  exeitalil 
long  a5  the  posterior  roots  remain  intact  and  are  sensitive,  and  that  their  excitability  b 
SK  soon  as  the  posterior  roots  are  divided.     In  order  to  explain  this  phenomenon,  w 
that  in  the  intact  body  a  scries  of  gentle  impa'scs  (impressions  of  tooch,  tcmpcratttre 
limL>s.  etc.)  are  continuously  slrcamin^  throuf^h  the  fiostcrior  roots  to  the  spinal  Cunl,  w 
are  transferred  to  the  motor  roots,  so  that  a  less  stimulus  t^  required  to  cxciie  the  aotertor 
than  when  these  reflex  impulses  of  the  poalerior  rout,  which  increase  the  excilabilitT»  are  s 
Oeirly,  a  less  stimulus  will  be  required  to  cxate  a  nerve  already  in  a  (jentle  stale  of  eicii 
than  in  the  case  of  a  fibre  which  is  not  so  excite<l.     In  the  former  case,  the  di*cbaj|'inc 
becomes,  as  it  were,  superposed  on  the  excitement  already  present.     (Compare  (  j63.) 


The  anterior  roots  of  the  spinal  nerves  supply  efferent  fibres 

1.  All  the  voluntary  muscles  of  the  trunk  and  extremities. 

Every  muscle  always  receives  its  motor  fibres  from  j<^vr<7/ anterior  roots  (rKX  from  sriB|^f  iMme 
root).      Hence,  ex'try  root   supplies  branches  to  a  particular  grnup  of  muscles  (/Vi^r,   /*.   fim. 
Gad).     The  experiments  of  Kerricr  and  Yco  show  that  stimulation  of  each  of  the  anlcfkir  roots  u 
spes  (brachial  and  lumbo-Mcral  piexuse*!  cnu-ed  a  complex   coordinated  movement      ^ctnw  'i» 
one   root    did    not  cnuv;  romplcte  paralvKis  of  thcite  mu*tcles  conccnieti  in  the  c^Ardinatdt  nii"' 
menis,  although  the  force  of  the  movement  was  impaired.     These  experiments  confirm  the  rocin 
of  clinical  olMcrvotion  nn  man.     The  fibres  for  groups  of  muscles  of  different  funciiont  (//.  lui 
flexors,  extensors)  arise  from  special  limned  areas  of  the  spinal  cord.     The  cervical  aoil  hate 
enlargements  of  the  spinal  cord  are  great  centres  for  highly  co&nltoaied  muscuUr  movcmenU 

2.  The  anterior  roots  also  supply  motor  fibres  for  a  number  of  organB  j>n>- 
vided  with  smooth  muscular  fibres,  e,  g.^  the  bladder  (§  28o)»  ureter*  utnu*. 
[These  are  the  visccro-motor  nerves  of  Gaskell,  and  from  them  come  kUo  viicoo- 
inhibitory  nerves.] 

3.  Motor  6breB  for  the  smooth  muscular  fibres  of  the  hhod  vesseh.  the  wjvj 
motor,  vaso-constrictor,  or  vaso-hypertonic  nerves  [also  accelerator  or  ^^ 
mentor  nerves  of  the  heart].     They  run  in  the  sympathetic  for  a  part  of  tl^ 
course  (S  371). 

4.  Inhibitory  fibres  for  the  blood  vessels.     These  are  but  imperfertly  know] 
They  arc  also  called  vaso-dilator  or  vas(Kby|>otonic  nerves  (§  372).    ( 
inhibitory  nerves  for  the  heart,  which  leave  ihe  spinal  axis  in  ibe  vagus.] 

5.  Secretory  fibres  for  the  sweat  glands  of  the  skin  (§  3S9),     For  a  pa 
their  conr>e  ihey  run  in  the  sym^uthetic. 

6.  The  trophic  fibres  of  the  tissues  (§  342,  I,  <■). 
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The  posterior  roots  contain  all  the  sensory  nerves  of  the  whole  of  the  skin 
and  tiie  internal  tissues,  except  the  front  i)art  of  the  head,  face,  and  the  internal 
part  of  the  head.  They  also  contain  the  tactile  nerves  for  the  areas  of  the  skin 
already  mentioned.  Stimuli  which  discharge  rejiex  movrmen/s  are  conducted  to 
the  spinal  cord  through  the  posterior  roots.  The  sensory  fibres  of  a  mixed  nerve 
trunk  supply  the  cutaneous  area,  which  is  moved  by  those  muscles  (or  which  covers 
those  muscles — Preyer)  to  which  the  same  branch  supplies  the  motor  fibres 
{Sehroihr  van  dtr  Koik).  The  special  distribution  of  the  motor  and  sensory 
oerves  of  the  body  belongs  to  anatomy  (Figs.  387,  388,  392,  393). 

356.  THE  SYMPATHETIC  NERVE.  — [Anatomical.— The  sympalhelic  ncnous  s>-stcm 
contains  a  large  numl<cr  of  iior).ni(r<lul1atcd  i>r  Rcmak's  librcs,  and  coiuiits  of  a  v:iies  of  ganglia 
lying  on  each  side  of  the  venebral  column  ant}  ci>nnected  to  each  other  hy  inter  ganglionic  filrres. 
The  typical  distnbutton  obtains  in  the  thoracic  region,  where  the  lateral  or  vertebral  ganglia  lie 
dofte  on  the  verlebnc.  In  fnmt  of  this  ia  a  kcccmd  series  of  ganglia,  which  do  not  rorm  a  double 
line,  but  are  connected  with  the  former  and  u-iih  each  other.  They  are  the  preverlvbra;  or  collat- 
eral ganglia,  r.g.^  semilunar,  inferior  mesenteric,  etc..  the  nerves  connecting  them  with  the  former 
being  called  rami  ctfcrentcs.  Frum  tlie»e  filires  ptucred  to  connect  them  witli  ganglia  lying  in  or 
about  li-'iiueA  or  organs — the  terminal  ganglia  {G'isteii).'\ 

[Each  spinal  nerve  \\\  this  region  is  conoectcd  with  its  corresponding  sympathetic  ganglion  by 
the  ramus  communicans,  which  is  formed  h)f  fibres  both  from  the  anterior  and  posterior  roots  of 
a  spinvl  nerve.  It  corrcs]M>ntls  to  the  visceral  nerve  of  the  morphologist.  and  is  composc<I  of  two 
ptirts— a  white  and  a  gray  ramus.  The  white  ramus  is  composed  entirely  of  mcduUated  fibres, 
and  coming  from  the  anterior  and  posterior  roots  of  a  spinal  nerve,  pasKes  into  the  lateral  and 
collateral  ganglia.  These  white  rami  occur  in  the  dog  only  from  the  zd  ihoracic  to  the  3d  him^r 
nerve  (Gnsi^//).  Above  and  below  this  the  rami  are  all  gray  and  composed  of  non-meduUaled 
nerve  fibres.] 

[In  man  the  four  upper  rami  communicantcs  from  the  four  upper  cervical  ner\-es  all  join  the 
superior  cervical  ganglion  {Fig.  3S6,  G ^-^  s),  the  5th  and  6th  join  the  middle  cervical,  the  7th  and 
8ih  the  inferior  cervical  ganglion.  The  lowest  pair  of  ganglia  are  generally  united  by  a  loop  on 
the  front  of  the  lirst  coccygeal  vcncbra,  and  they  lie  in  relation  vt  ilh  the  coccjgeal  ganglion.] 

[Cephalic  Portion. — As  the  symf^thctic  ascends  to  the  head  it  forms  connections  with  many 
of  the  cranial  nerves,  and  there  is  a  free  exchange  of  fibres  between  these  nerves.  (The  fuoclion 
and  significance  of  these  eichanges  are  referred  to  under  the  physiolt^  of  the  cranial  nerves.)] 

[Dorsal  and  Abdominal  Portion. — Numerous  fibres  fuvt  from  these  partschieflylotheMifrdaV 
and  aiJcmiHa/  itiTi/irs,iikhcre  they  form  large  gangliaieil  plexuses,  from  which  funaionally  different 
fibres  prriteed  to  the  different  organs.] 

[In  the  dog  the  2d,  3d,  4th,  anti  5th  thoracic  pass  upward  into  the  cervical  sympathetic,  those  in 
the  dorul  region  being  directed  downward  fiom  the  lateral  ganglia  to  form  the  splanchnics.  The 
gray  non  mcdullated  nerve  fibres  of  each  gray  ramus  are  connected  with  the  cells  of  its  ganglion 
(lateral);  the  fibres  do  not  go  beyond  the  ganglion, but  really  run  fo  the  corresponding  spinal  nerve 
to  ramify  m  the  sheaths  of  ihe  nerves,  the  connective  tissue  on  the  vcrtebnp  and  the  dura  tnnter, 
and  perhaps  the  other  spinal  membranes;  so  that,  according  to  Daskell,  no  non  mefluUated  nerves 
leave  the  central  nervous  sysiem  by  the  spinal  nerve  roots.  Thus  the  while  rami  cummunicantes 
alone  constitute  the  rami  visceralis  of  the  mnrphologi<l,  and  alt  the  Tttcetal  nerves  passing  out  from 
the  central  nervous  system  into  the  sympathetic  system  pass  out  by  them  alone.  All  the  nerves  in 
the  while  ramus  are  of  small  calibre  ( 1.8  .'i  lo  2?  /i)  and  mcdullated,  white  the  true  motor  fibres 
are  much  larger  (144  /'  to  19  jt\.  The  small  while  can  be  traced  upward  as  mcdullated  fibres  into 
the  superior  cervical  ganglion,  and  in  the  thorax  over  the  lateral  to  form  the  <planchnic5  into  the 
collateral  ganglm.  l>cyiu)d  wh>ch  they  cease  lo  be  mcdul1ale<l.  lly  the  2d  and  3d  swcimI  nacvcs 
some  fibres  of  smalle.st  calibre  i«Kue  to  form  the  nervi  erigcntea^  vlaclB  pi^owramf  ttrr  nn(  com* 
municale  with  the  lateral  ganglia,  but  enter  Uic  hffOfmtnc  pfexus,  whence  they  send  branches 
upward  10  the  inferior  mesenteric  pk^sav  airf  rfownward  to  the  bladder,  rectum,  and  generative 
orgins,     Oaskcll  proposes  l» caB  rfrem  the  pelvic  splanchnic  nerves.] 

[In  the  cervical  legfon  there  is  no  wlnie  ramus,  and  the  nerve  roots  contain  no  nerve  fibres  of 
small  cjtiWr-  Rut  in  this  region  ri-es  the  spinal  accessory  nerve,  t>etweeit  the  anterior  nnd 
yuiMM'i  tvois.  It  contains  small  and  large  nerve  fibres  ;  the  former  pass  into  the  internal  division 
of  this  nerve  and  join  the  ganglion  of  the  trunk  of  the  vagus,  while  tnc  large  motor  fibres  form  its 
external  branch  and  supply  the  sterno- mastoid  and  trapezius  muscles.] 

[All  Ihe  vasomotor  nerves  arise  in  the  central  nervous  system,  and  they  leave  the  spinal  cord 
as  the  finest  mcdullated  6bres  in  the  anterior  roots  of  all  the  spinal  nerves  t>eiween  the  zd  thoracic 
and  2d  lumbar  (dog)  "along  the  corresponding  ramus  visceralts,  enter  the  lateral  or  main  sympa- 
thetic chain  of  ganglia,  where  they  become  nou.mrdtdlatcd,aiid  are  thence  distributed  either  directly 
OT  after  communication  with  other  ganglia"  {GiitM/}  '\ 

["Tlie  vaso-dilator  nerves  leave  the  central  nervous  system  among  the  fine  mcdullated  filtres, 
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which  help  to  rorm  the  cervico-cnnial  and  sacral  rami  vUctrrales.  and  pass  wilbout  akehii|»  Umt 
chnracler  into  the  distal  ganglia"  (GajM/).') 

["The  viscero. motor  nerves  upon  which  the  peristahic  contraaion  of  the  ihormcic  pomoKof 
the  (vsophaguf,  stomach,  and  intmincs  depends,  leave  the  central  nervous  system  in  (he  unlflow  ctf 
tine  mcdiilLtted  nerves  which  occurs  in  ihc  upper  part  of  the  cervical  region,  end  pftca  hf  vaj  of 
the  rami  viscerales  of  the  accessory  aud  vagus  nen-es  to  the  ganglion  trunci  vagi,  where  thejr  becona 
non  mcdullated  "  {Gus^t//).] 

["  The  inhibitory  nerves  of  the  circular  muscles  of  the  alimentary-  canal  and  it*  appendages  Icavt 
ihe  centroJ  ncr\-ous  system  in  the  anterior  roots,  and  pass  out  among  the  tine  oiedullatcil  6brcs 
of  the  rami  visccrule^  into  the  distal  gAn;^lia  without  conununication  with  the  proximal  gaa^tt** 
(GasifU).] 

[Structure  of  a  Ganglion. — The  structure  of  the  sympalhetic  nerve  fibres  and  nerve  celk  hia 
already  been  descri)>ed  in  }  321.  On  making  a  section  of  a  sympathetic  ^mnglion,  f.^.,lht 
human  superior  cervical,  wc  observe  groups  of  cells  with  bundles  of  nerve  bt>res — chiefly  aoa- 
meduljated — running  between  them. and  the  whole  surrounded  by  a  laminated  ct^ule  of  conaedtvc 
tissue,  which  sen<ls  se^tta  into  the  ganglion.  The  nerve  cells  have  many  procmses,  and  are,  I  hen- 
fore,  multipolar,  and  each  cell  is  surrounded  liy  a  capsuk'  with  nuclei  on  its  inner  sorCsce  { Fif.  JJJ, 
II ).  The  processes  pierce  ihe  capsule,  and  one  of  them  cert ninly— and  perhaps  all  the  proceiif 
are  connected  with  a  nerve  fibre.  Not  unfrequently  yetlowish-brown  pigment  is  found  in  (be  cctt 
substance.  Similar  cells  have  been  found  in  the  ophthalmic,  sub  maxillary,  otic,  and  sphcno-paladDe 
ganglia.] 

Functions. — The  following  is  merely  a  ^^n^rd/ summary : — 
I.  Independent  functions  of  the  sympathetic  are  those  of  certain  nerv* 
plexuses  which  remain  after  all  the  nervous  connections  with  the  cerebro  $pinat 
branches  have  been  divided.  The  activities  of  these  plexuses  may  be  indueaced 
— either  in  the  direction  of  inhibition  or  stimulation — through  rlbres  reichio{ 
them  from  the  cerebro-spinal  nerves. 

To  these  belong  ; —  

1.  The  automatic  ganglia  of  the  heart  (§  58). 

2.  The  mesenteric  plexus  of  the  intestine  (§  i6i). 

3.  The  plexuses  of  the  uterus,  Fallopian  tubes,  ureters  (also  of  the  blood  and 
lymph  vessels). 

II.  Dependent  Functions. — Fibres  run  in  the  sympathetic,  which  (like  the 
peripheral  nerves)  are  at;tive  only  when  their  connection  with  the  central  ncrvoti* 
system  is  maintained,  e.  ^..  the  sensory  fibres  of  the  splanchnic.  Others  again 
convey  impulses  from  the  central  nervous  system  to  the  j;ang//a,  while  the  ganglia, 
in  turn,  modify  the  impulses  which  inhibit  or  excite  the  movements  of  the  corre- 
sponding organs. 

1lie  following  statement  li  a  rimmi  of  the  fnnctions  of  the  sympathetic,  according  to  tfw  am* 

tomical  arrangenieni :  — 

A.  Cervical  Part  of  the  Sympathetic. — i.  Pupil-dilating  Bbres  (com- 
pare Ci/iary  gang/ion t  §347,  I,  and  Iris,  §  392).  According  to  Hudge,  these  fibres 
arise  from  the  spinal  cord  and  run  through  the  upper  two  dorsal  and  lowcit  two 
cervical  nerves  into  the  cervical  sympathetic,  which  conveys  them  to  Iht  head. 
Section  of  the  cervical  sympathetic  or  its  rami  communicantes  causes  contraction 
of  the  pupil.     (The  central  origin  of  these  fibres  is  referred  to  in  §  36a,  t,  aod 

§367.8-) 

3.  Motor  fibres  for  MUlter's  smooth  muscle  of  the  orbit,  and  far/fy  for  the 
external  rectus  mtiscle  (§  348). 

3.  Vasomotor  branches  for  the  outer  ear  and  the  side  of  the  face  (C/.  Btr- 
fiarj),  tympanum  (Pmssak),  conjtmctiva,  iris,  choroid,  retina  {onh  in  part — ut 
Ci/iary  ganglion,  S  347,  I),  for  the  vessels  of  the  oesophagus,  larynx,  thyroid  gland 
— fibres  for  the  vessels  of  the  brain  and  its  membranes  {Domiers  and  Caiifn/eU\\ 
but,  according  10  Nolhnagel,  fibres  also  arise  from  the  cranial  nerves  which  form 
connections  with  the  carotid  plexus. 

4.  Secretory  (trophic)  and  vasomotor  fibres  for  the  salivary  glands  (§  I45)> 

5.  Sweat-secretory  fibres  (see  j5  288,  II). 

6.  .\cLurding  10  Wolferz  and  Demtschenko,  the  lachrymal  glands  receive  sjm-^ 
pathetic  secretory  fibres  (?). 
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B.  Thoracic  and  Abdominal  Sympathetic, — First  of  all  there  is — 

1.  The  sympathetic  portion  of  the  cardiac  plexus  (^57,  2),  which  receives 
accelerating  or  aupmentor  fibres  for  the  heart  Irom  the  lower  cervical  and  isi 
thoracic  ganglion  {CI.  BernanU  v.  Bezoid,  Crott,  S^hmiei/elterg),  The  fibres  arise 
partly  from  the  sympathetic  and  partly  from  the  plexus  around  the  vertebral  artery 
{v.  Bfzoiii,  BfVfr).     (Compare  §370.) 

2.  The  cervical  sympathetic  and  the  splanchnic  contain  fibres  which,  when  their 
central  ends  are  stimulated,  excite  the  cardio-inhibitory  system  in  the  me- 
dulla oblongata  {Bernstein). 

3.  The  cervical  sympathetic  contains  afferent  fibres  which,  when  stimulated, 
excite  the  vasomotor  centre  in  the  medulla  oblongata  {Af4^en). 

4.  The  fun c lions  of  the  splanchnic  are  referred  to  in  §§  164,  175,  276  and 

5.  The  functions  of  the  coeliac  and  mesenteric  plexuses  are  referred  to  in 
§§  183  and  192.  After  extirpation  of  the  coeliac  ganglion,  Lamansky  ol>served 
temporary  disturbance  of  digestion,  undigested  food  being  passed  per  anum. 

6.  For  the  secretory  fibres  for  sweating,  see  §  289,  II. 

7.  Lastly,  the  abdominal  portion  of  the  sympathetic  contains  motor  and  vaso- 
motor fibres  for  the  spleen,  the  large  inttsfint  (accompanying  its  arteries),  hhuider 
(§  280),  ureters^  uterus  (running  in  the  hypogastric  plexus),  vas  deferens  and  vesic- 
ulae  serainales.  Stimulation  of  ait  of  these  nerve  channels  causes  increased  move- 
ment of  the  organs,  but  it  must  be  remembered  that  the  diminished  sujiply  of 
blood  thereby  produced  also  acts  as  a  stimulus  (§  161).  Section  of  these  nerves 
is  followed  by  dilatation  of  the  blood  vessels,  with  subsequent  derangement  of  the 
circulation,  and  ultimately  of  the  nutrition.  The  relation  of  the  suprarenal 
bodies  to  the  sympathetic  is  referred  to  in  §  103,  IV.  The  renal  plexus  is 
referred  to  in  §  276,  while  the  cavernous  plexus  is  treated  of  in  $436. 

Pathological — Considering  the  numerous  connection*  of  the  sympathetic,  we  would  nataratly 
Kuppose  that  it  offers  nn  extensive  area  for  pathological  changes.  It  is  to  be  observed  that  all  affec- 
tioiiK  involvini;  the  vasomotor  system  are  rcferreil  to  in  ^  371. 

The  cervical  sympathetic  is  mo>it  frequently  [jaralyzcd  or  stimulated  'by  traumatic  conditions, 
vroun<ls  hy  biilteis  or  knive-<,  tumors,  enlarged  Iyin]'>h  glands,  aneurisms,  inflammatiun  of  the  apices 
of  the  lunj^'s  and  tht  adjacent  pleurx,  wliilc  exoalo&es  of  the  vcrttbnc  may  »tiu)iilate  it  in  part  or 
paralyze  it  in  port.  The  phcnuineiia  so  proJuced  have  lieun  |iartly  analyzed  in  treating;  of  the  cili- 
ary ganelion  ({  347,  1).  Stimulation  of  the  cervical  sympathetic  in  man  causes^  dilatation  of 
the  pupil  {mydriasis  spastica),  pallur  of  the  face.'and  occasionally  hypcridrosis  or  profuse  sweating 
\\  289,  2,  and  \  28S) ;  dbturbance  of  vision  for  near  uhjccts,  as  the  pupil  cannot  be  contracted  (see 
AitommoiiMicH)^  and  hence  the  fipherical  aberration  of  the  lens  (}  391)  must  also  interfere  with 
vision  ;  |>rotrusinn  of  the  eyeball  with  witlenin^  of  the  paliiebral  fissure.  Paralysia  or  section  of 
the  cervical  aympatbetic  causes  increaiied  fullnes^s  uf  the  bluoil  vtrsseU  of  the  side  of  the  bead 
with  occa.sional  aniilfisis.  Contraction  of  the  pupil  (myosis  paralytica),  which  undergoes  changes 
in  its  diameter  during  accommodation,  but  nut  as  the  effect  of  the  siimulatinn  of  light — atrupin 
dilates  it  slightly.  The  slit  bciwcen  the  eyelids  is  narrowed,  the  eyeball  retracted  and  suuk  in  the 
orbit,  the  cornea  somewhat  flaiiened,  and  the  cnnsiMence  of  the  eyeball  diminished.  Stimulation  of 
the  sympathetic  is  followed  \rf  an  increased lecrchon  of  snliva  {\  lA$\.  The  al>nvc  described  s)inp- 
louos  have  been  occasionally  accomjxinied  hy  unilateral  atrophy  of  the  face. 

\  [Section  of  the  Cervical  Sympathetic. — This  experiment  is  easily  done  on 
a  rabbit,  preferably  an  albino  one.  Divide  the  nerve  in  the  neck,  and  immedi- 
ately thereafter  (_i)  the  ear  and  adjoining  parts  on  that  .side  l>ecome  greatly  con- 
gested with  blood,  blood  vessels  appear  that  were  formerly  not  visible,  as  a  result 
of  the  increased  <|nantity  of  blood  in  the  ear  (hypenemia),  there  is  (2)  a  ri^e  of 
the  temperature  amounting  to  even  4°  to  6**  C.  {CI.  Bfrnard^.  These  are  the 
vasomotor  c\\:\.wg^?^.  (3)  The  pupil  is  contracted,  the  cornea  flattened,  and  there 
is  retraction  of  the  eyeball  and  consequent  narrowing  of  the  palpebral  fissure. 
These  are  the  oculo-pupillitry  symptoms.  Stimulation  (electrical)  of  the  peri- 
pheral end  produces  the  opposite  results, — pallor  of  the  ears,  owing  to  contraction 
of  the  blood  vessels,  with  consequent  fall  of  temperature  ;  dilatation  of  the  pupil, 
bulging  of  the  cornea,  protrusion  of  the  eyeball  (exophthalmos),  and  widening 
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PHYSIOLOGY  OF  THE  NERVE  CENTRES. 


358.  GENERAL. — [The  nerve  fibres  and  nerve  cells  constitute  the  elements 
out  of  which  nerve  centres  arc  formed,  being  held  together  by  connective  tissue. 
In  the  process  of  evolution  groups  of  ner\'e  cells  with  connecting  fibres  are  ar- 
ranged to  constitute  nervous  masses,  whereby  there  is  a  corresponding  integration 
of  function.  Thus  with  structural  integration  there  is  a  functional  integration. 
When  the  structure  sufTers  so  also  does  the  function,  and  those  parts  which  are 
most  evolved,  as  well  as  those  actions  which  have  to  be  learned  by  practice,  arc 
the  first  to  suffer  during  the  dissolution  of  the  nervous  system.] 

General  Functions. — The  central  organs  of  the  nervous  system  are  in  general 
characterized  by  the  following  properties  : — 

1.  They  contain  nerve  cells,  which  are  either  arranged  in  groups  in  the  in- 
terior of  the  central  organs  of  the  nervous  system,  or  embedded  in  the  peripheral 
branches  of  the  nerves.  [Nerve  cells  are  centres  of  activity,  originate  impulses 
and  conduct  impulses  as  well,  while  nerve  fibres  are  chiefly  conductors.] 

2.  The  nerve  centres  are  capable  of  discharging  reflexes,  e.  g.,  reflex  motor, 
reflex  secretory,  and  reflex  inhibitory  acts. 

3.  The  centres  may  be  the  seat  of  automatic  excitement,  /.  e>,  they  may 
manifest  phenomena,  without  the  application  of  any  apparent  external  stimulus. 
The  energy  so  liberated  may  be  transferred  to  act  upon  other  organs.  This  auto- 
matic state  of  excitement  or  stimulation  may  be  continuous,  i.  e.,  may  be  continued 
without  interniplion,  when  it  is  called  tonic  automatic  or  tonus  ;  or  it  may  be 
intermitttnty  and  occur  with  a  certain  rhythm  i  rhythmical  automatic). 

4.  The  central  organs  are  trophic  centres  for  the  nerves  proceeding  from 
them ;  they  may  also  perform  similar  functions  for  the  tissues  innervated  by 
them. 

5.  The  physical  activities  are  dependent  upon  an  intact  condition  of  the 
ganglionic  central  organs.  Ttiese  various  functions  are  distributed  over  different 
centres. 

As  a  single  momentary  stimulus,  t.  g.,  an  0|>entng  induction  shock,  or  a  puncture  of  a  transverse 
icction  of  the  spinal  cord,  may  produce  a  lunger  Manus,  whiln  the  same  slimului,  if  applied  to  the 
motor  nerves,  causes  only  a  tins^/f  amtratiiou,  it  seems  as  if  the  central  nervous  system  possessed 
the  prop«rty  of  transforming  ao  instantaneous  stimulus  into  a  long.continued  Mate  of  stimulation 
(A*.  MarchaHifS.  The  organs  cauiiing  continued  movement  are  the  ganglionic  cells  of  the  anterior 
honi  of  the  spinal  cord  {Htrke"). 

[I'he  tenn  ** centre"  is  merely  applied  to  an  aggregation  of  nerve  cells  so  rel&red  to  each  other 
■1  10  subserve  a  certain  function,  but  inasmuch  as  these  cells  are  connected  to  each  oihcr  and  with 
other  cells  in  many  ways,  variuus  combinairuns  of  them  may  result;  again,  we  have  also  to  lake  in 
account  the  greater  or  Irss  roistance  in  some  paths  than  others,  so  that  the  variety  of  combinations 
which  these  cells  may  subserve  is  enormous.  The^e  cells  give  ofl"  proces-'tes  which  branch,  and 
anastomose  with  proce^ies  from  other  cells.  Thus  innumerable  wayt  are  opened  up  to  ner^-oas 
impulses  by  thc^c  com l)i nations,  so  that  in  a  certain  way  m'c  may  regard  a  cell  as  a  junction  of  these 
conducting  fibres,  or  a  '*  shunt  "  whereby  an  impulse  may  be  shunted  on  to  one  or  other  branch  in 
the  direction  uf  least  resistance,  or  in  the  Iwst  txiatcn  path  as  it  were,  while  there  may  be  a  "  block  ** 
in  other  directions.] 


THE  SPINAL  COKD. 


359.  STRUCTURE    OF   THE    SPINAL   CORD.— [The  key  to  the 

study  of  the  central  nervous  system  is  to  remember  that  it  begins  as  an  involution 
of  the  epiblast,  and  is  original  tubular,  with  a  central  canal,  dilated  in  the  braia 
end  into  ventricles.  In  the  spinal  cord  there  are  three  concentric  parts:  fini, 
the  columnar  ciliated  epithelium,  outside  this  the  central  gray  lube,  and  covering 
in  all  the  outer  white  conducting  fibres  {/ft//).'\ 

Structure.— The  spinal  cord  coa<)iM«  of  white  matter  externally  tmA  gray  matter  intenwily.  [It 
is  invcf^lcd  hy  membranea,  the  pia  mafer,  composed  of  two  layers  and  con^isttng  of  coDnccut 
tissue  with  blood  vcucU,  being  firmly  adherent  to  the  while  maUer  and  sending  acpUt  lata  tbe 
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TnitMvene  tcctloa  of  the  uplnal  coril;  lit  the  centre  U  the  bnilcrny  f'^rm  of  ihv  gray  ntftttcr  «imiuiiJiJ  kf  iMi 
maiKr.  /,  poslcrinr,  and  «.  anienor,  ham*  of  Uic  gray  muier;  PR,  ponerwr  roou;  A  R,  aat«r4M  ^W  «!• 
itpinAlncTvc,   A,  A,  Ihc  while  anlerior;   L,  L.  the  lateral ;   P,  P,  the  poitcrior  culuffla». 


substance  of  the  cord.  Both  layeri  dip  Into  the  anterior  median  fisstirc.and  only  the  inaer  one  taio 
the  pofterioT  median  groove.  "Ilie  arofhnoid  is  a  more  delicate  memhrane  and  non-vaaCBUr,*hik 
the  dura  mater  ia  a  tough  membrane  lining  the  venebral  canal,  and  forming  a  ihcca  or  protectm 
coal  for  the  cord  {,\  jtil)-]  The  gray  matter  has  the  form  uf  two  crescen'ft  )-{  placed  Ukck  n 
back  [or  a  capil^il  H].  in  which  wc  can  distinguish  an  anterior  {a)  and  a  pottterior  bora  |/^> 
middle  part,  and  gray  commissure  cunnecting  the  two  descents.  In  the  centre  of  this  grat  co«* 
miS'^'Urc  is  a  canal — central  canal  —  whicli  runs  from  the  calamus  scriptorium  downward  ;  it  U  bae* 
throughout  by  a  single  layer  of  ciliated  cylindrical  epithelium  [in  the  fa:tua,ihc  cilia  not  bcuigTiaNt 
in  the  adult],  and  the  canal  itself  i»  the  representative  of  the  embryonal  "medullar;  tube."  [Tbc 
part  of  the  gray  commiuure  in  front  of  this  canal  is  called  the  anteriitr^  and  the  pan  lxhtiM.tW 
poitericr  gray  commissure.]  [In  from  of  the  gray  commissure,  and  between  it  and  the  bast  «f  l)>* 
anterior  median  fissure, arc  bundles  of  while  nerve  fibres  |ias&ing  in  a  horizontal  or  oblique  dlrecttoa 
from  the  anlerior  column  of  one  side  to  the  gray  matter  of  the  anterior  comu  of  the  opposite  adc 
(Fig.  394).     These  decussating  fibres  constitute  (he  white  commissure.] 

Tlie  white  matter  i^urrouncU  the  gray,  and  is  arranged  in  several  columns  [anterior,  latersl, sail 
pouerior — by  the  passage  of  the  nerve  rons  to  the  coruua].     Along  the  ameriur  surface  of  the  tegi 
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STRUCTURE  OF  THE   WHITE   MATTER. 
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(here  runs  a  well-marked  figure,  which  dips  into  the  cord  iiself,  but  does  not  reach  the  gray  matter. 
as  a  mass  of  while  matter — the  white  commissure — runs  from  one  &)<le  □(  the  cord  10  the  other. 
Between  this  B&sure,  known  as  the  anterior  median  fissure,  and  the  line  of  exit  of  the  anterior 
roots  of  the  spinal  ner^'es,  lies  the  anterior  column  (A ) ;  the  white  matter  lying  laterally  between 
the  origin  of  the  anterior  and  po&tcrior  roots  of  the  spinal  nerres  is  the  lateral  column  f  L),  M-hile 
the  while  matter  lyinjj  bcuvcen  the  line  of  ori^jin  of  the  posterior  roots  antl  the  su-called  posterior 
median  fissure  is  the  posterior  column  {I').     [The  posterior  median  Hssure  is  not  a  real  fissure 
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FiC.  ^$.^1'raa4V«ne  ivction  of  lh«  whitt  natt«r  at  tb«  spiiul  cor  <  .!ivc-iU>tie  ^cpia  b«iw«a(i  tb«  fibres. 

tM.  J06. — MuldpoUr  acfvc  celU  trom  tbc  ^y  mailer  of  ttic  antcnui  horti  uf  the  spio«l  cord  (ox),    a,  nerve 
cell;  i,  axU  cylinder;  c,  jiray  matter ;  i/,  wtiitc  niAiicr  of  column  ;  r,  e,  bnnchn  of  cclu. 

hut  is  filled  up  with  the  inner  layer  of  the  pia  maler,  which  dips  down  from  the  under  surface  of 
this  membrane  c]uhe  tci  the  gray  matter  of  the  posterior  commissure.]  Each  posterior  column,  In 
certain  regions  of  the  cord,  may  be  subdivided  into  an  inner  part  lying  next  the  nssure,  the  postero- 
median or  Oa/rs  ta/u/t/H,  or  the  iHMfr  root  torn  {Ckurcot,  Fig.  403,  <■) ;  and  on  outer  larger  part 
next  the  posterior  root,  known  as  the  poatero-extemal  or  JHurdaek's  column^  or  the  outer  root  ion* 
{CMarcvt,  Fig.  403.  d). 
The  white  matter  consists  chiefly  of  meduUated  Bbres  without  the  sheath  of  Schwann  and  Ran- 

FiG.  397. 
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Dlagnm  of  the  abwilutc  atnj  relative  cmeni  of  the  gray  matter,  und  of  the  while  column*  in  tucceuive  KCtlonal  areas 
of  the  ipinal  cord,  a«  well  a«  the  Mctinnnl  areas  uf  the  Kvcnl  entering  nerve  rt>otB.  K  R,  nerve  roots ;  A  C,  L.  C, 
P  Ct  anterior,  lateral  and  posterior  columni ;  Cir,  gray  matter. 

vier's  nodes,  but  provided  with  the  nemo-keratin  sheaths  of  KUhne  and  EwaM  f|  321).  the  fibres 
themselves  being  chiefly  arranged  toHgitudinalh.  The  nerve  tibres  of  the  nerve  roots,  as  well  as 
thoK  that  pass  from  the  gray  matter  Into  the  columns,  have  a  tran.%vcrse  or  oblique  course.  There 
are  also  decussating  fibres  in  the  anterior  or  white  commissure.  [In  a  transverse  section  of  the 
white  matter  of  the  spinal  cord  the  nerve  fibres  are  of  different  sizes,  and  appear  like  small  circles 
with  a  rounded  dot  iu  their  centrt: — the  axis  cylinder;  the  latter  may  be  stained  with  carmine  or 
Other  dye  (Fig.  395).     They  are  smallest  in  the  postero-median  or  Goll's  column,  and  largest  in  the 
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eroued  and  direct  pyramidal  tracts,  which  are  moior.  The  white  subaiance  of  Schwann.  npeciaDy 
in  preparations  hardened  in  salts  of  chromium,  often  presents  the  apjiearance  of  concentric  lines. 
Fine  septa  of  connective  tissue  carrying  blooil  vessels  lie  between  groups  of  the  nerve  hbm,  wbile 
here  and  there  tieiween  the  nerve  fibres  may  be  seen  branched  neuroglia  CDrpUj(Cte&.  loimedialclf 
beneath  the  pia  mater  there  is  a  pretty  thick  Layer  of  neuroglia,  which  invests  the  prolongttton  oiF 
the  pia  into  the  cord.] 

[The  gray  matter  differs  in  shape  in  the  different  regions  of  the  cord,  and  so  does  tbc  gray 
commissure  {Fig.  398).  The  latter  is  thicker  and  iJtorter  in  the  cervical  than  in  the  don*]  region, 
wbile  it  is  very  narrow  in  the  lumbar  region.  1  he  amount  of  gray  matter  undergoes  a  great  mereue 
oppobitc  the  origins  of  the  large  nerves,  the  increase  being  mu»t  marked  opposite  the  cervical  and 
lumbar  enlargements.  Ludwig  and  WuruschilofT  txftisiructed  a  series  of  curves  from  ineasorementi 
by  Stilling  of  the  sectional  areas  of  the  gray  and  white  matter  of  the  cord,  as  well  ai  of  the  several 
nerve  roots.  These  curves  have  been  arranged  in  the  following  convenient  form  by  Schl/er,  aJicr 
WaroschilfifT  (Fig.  ;^<)'J]: — 

[In  the  cervical  region  the  lateral  white  columns  are  large,  the  anterior  comu  of  the  gray  mailer 
is  wide  and  large,  while  the  posterior  comu  i*  narrow ;  GolT's  column  is  marked  off  by  a  dcpreasioo 

and  a  prolongation  of  (he  pia  mater;  the  cnrd  Hielf  it 
broadcM  from  miIc  to  side.  In  the  doraal  region  the  gnf 
matter  is  small  in  animaU,  and  t>otb  comua  arc  narruw 
and  of  nearly  ef]ual  breadth,  while  the  cord  ila«ir  h 
smaller  and  cylindrical.  In  it  the  intermedia  lateral  cod 
posterior  vesicular  groups  of  cells  are  distinct.  They  hate, 
prntxit>ly,  relaliotis  to  viscera.  The  commiaaurr  Itcs  welt 
forward  bctwi.en  the  crescents.  In  the  lumbar  region 
the  gray  matter  is  relatively  and  alMolutcly  greatest,  <Aitle 
the  white  lateral  columns  arc  small,  the  central  canal  in 
the  commissure  bt-ing  nearly  in  the  middle  of  the  cord. 
In  the  conus  medullana  the  gray  milter  makes  up  tbe 
great  moss  of  it,  with  a  few  white  Abres  ejUeniaUj  (^tg. 
398).] 

'I  he  anterior  comu  of  the  gray  matter  is  shorier  ibl 
broader,  and  does  not  reach  so  near  to  the  surface  a«  the 
posterior;  moreover,  each  anterior  nerve  root  arises  frcwn 
It  by  several  bundles;  it  contains  several  group*  of  targe 
multipolar  ganglionic  cells  (Fig.  396);  the  poMcriOf 
comu  is  mote  pointed,  longer  and  nanower,  and  readies 
nearer  to  the  surface,  the  pnstenor  root  ariaing  by  a  stt^le 
bundle  at  the  |iostero- lateral  ft&surc  ;  while  the  comu  tticU 
contains  a  few  fa'iiform  nerve  cells,  and  is  covered  by  ih( 
aubstaniia  gelatinoaa  of  Rolando,  which  is  luercly  aa 
accumulnlinn  ol   neuroglia. 

[The  outer  margin  of  Ihe  gray  matter  near  its  middle 
is  hut  so  sharply  dclined  from  the  white  matter  as  else- 
where; and,  in  fact,  a  kind  of  anaatamosis  of  the  gny 
matter  projects  into  the  lateral  column,  cspcciallj  in  the 
cervical  region,  constiiming  the  /^rit^sjus  rrtitH/^ru  1  F< 

399.')] 

[Arrangement  of  Nerve  Cells. — Tbe  nerve  cells  an 
arranged  in  four  groups,  forming  columns  more  or  lot 
continuous.  There  are  those  of  the  anterior  and  poMerior 
horns,  those  of  the  lateral  column  (iniermedio-iaceal^ 
and  the  po>iennr  vesicular  column  of  Clarke.  The  u•^■ 
rior  and  posterior  groups  exist  as  continuous  columna  aJcMif 
the  entire  cord.  The  cells  of  the  anterior  horn  being  my 
large  (6710  135/*),  while  the  fusiform  cells  of  tbe  p^McrMr 
horn  arc  18  ,u  in  diameter.  Those  of  the  lateral  ^^-h""* 
arc  distinct,  except  in  the  lumbar  and  cervical  cnlar^- 
ments,  where  they  blend  with  the  anterior  horn.  The  column  of  Clarke  (cells  40  to  90  ;<)  la  6tk- 
cjniinued,  and  is  limited  to  (i)  the  thoracic  region,  (2)  ccr^-ico-cranial  region,  (j)  sacral  regios* 
being  most  conspicuous  in  ( i )  ( Gaskeit),  where  it  corresponds  absolutely  lo  the  outtluw  of  visceral 
nerves.  In  the  lacrjl  region  it  corresponds  to  the  "  sacral  nucleus  of  Stilling,"  wbile  in  the  cervteal 
region  it  Iwgina  in  the  dog  at  the  2d  cervical  nerve,  forming  the  cervical  nucleus,  t>eing  cowinaed 
above  into  the  nuclei  of  the  vagus  and  ^lob»o<pharyngeal  nerves.  The  cells  of  this  column  giv«  iw 
to  small  mcdullated  nerve  fibres  or  the  leucenteric  fibres  of  Gaskell.] 

The  multipolar  ganglion  cells  are  largest,  and  arranged  in  groups  in  the  anterior  horns  of  the 
gray  matter  (Kig.  394 — ■•  motor  ganglionic  cells") ;  whde  smaller  spindled-shaped  (■•  •«oacf7*') 
Cells  occur  in  much  smaller  numbers  111  the  grjy  matter  of  the  posterior  bora.  « 
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[In  a  longitudinal  section  of  the  cord  [Fig.  400)  these  cells  are  seen  to  he  arrange*!  in  columns, 
the  \iTgc  multipolar  celU  in  the  anterior  horn  Jm)  ;  at  the  same  lime  the  tonsil udinal  direction  of 
the  Dcrvc  fibres  in  the  anterior  (a)  and  posterior  white  columns  (.),  the  horizontal  direction  of  the 
fibres  of  lite  anterior  and  posterior  nerve  roots  (i  andy")."! 

The  gruy  matter  contains  an  exceedingly  delicate  Ahrous  network  of  the  finest  nerve  fibrils 
iCfrtath),  which  is  produced  by  the  repeated  division  of  the  protoplasmic  processes  of  the  multi- 
polar ganglionic  cells.  Medullated  nerve  fibres  traverse  and  divide  in  the  gray  matter  and  become 
DOD-medullaied ;  some  of  them  merely  pass  throuch  ihe  pay  maner  of  the  non- medullated  fibres 
and  terminate  in  GcrLich's  network.  Fibres  pass  from  the  gray  matter  of  one  side  to  that  of  the 
rther  thmugh  the  commissure*  in  front  of  and  behind  the  central  canal. 

QerUch's  Theory. — According  to  Oerlach,  the  conneaion  of  the  fibres  and  cells  is  as  follows : 
The  fibres  of  Ihe  anterior  root  proceed  directly  to  the  ganglionic  cells  of  the  anterior  hom,  with 
which  they  form  direct  communications  by  means  of  the  unbrauched  axial  cylinder  processes  (Fig. 
401,  «).  The  gray  network  of  protoplasmic  processes,  produced  by  the  repeated  branchings  of  the 
fibres  of  these  cells,  gives  origin  to  broad  hhrz%.     A  part  of  the  latter  (the  mtdian  bundle)  passes 
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4Untia  ^Ulino«a  .  c,  central  canal ;  /,  «eiiti ;  g,  antcnor  ro«t  bundles ;  k,  potterlor  root  buodki ;  t,  white  cum- 
muAure  .  J,  gny  cotnitiiuiire  ;  /,  reticular  formxtion. 


through  the  anterior  white  commissure  to  the  other  side,  and  then  ascends  Jn  the  anterior  column  of 
the  opposite  side.  Other  fibres  (the  lateral  bundle)  pass  inlo  the  lateral  column  of  the  same  side, 
and  ascend  in  it  as  for  as  the  decussation  of  (he  pyramids,  where  they  cross  in  the  medulla  to  the 
other  side  The  fibres  of  t\ic  posterior  root  enter  the  posterior  hom,  and,  aficr  dividing,  terminate 
in  the  nervous  protoplasmic  network  of  the  gray  matter.  \Ky  means  of  this  network  they  are  con- 
nectc<l  indirectly  with  the  gangUonlc  cells  of  the  posterior  horn,  which  are  soid  not  to  have  an  axial 
cylinder  process.  The  gray  network,  which  connects  Ihe  ganglia  of  the  anterior  and  posterior  horns 
with  e^ch  other,  also  sends  fibres,  which  |>ass  to  the  other  side  of  the  cord  in  front  of  and  behind 
the  central  canal.  Tlicy  then  take  a  backward  coarse,  lo  ascend  partly  in  the  posterior  boms  and 
partly  in  the  lateral  columns. 

Neuroglia. — Tlie  connective  tissue  of  the  s])inal  cord  arises  iti  part  from  the  pia  maler  and 

passes  only  into  the  white  matter, carrying  with  it  blood  vessels,  and  forming  sefita,  which  separate  the 

nerve  fibre»  into  Imndles.  We  must  distinguish  from  the  ordinary  connective  tissue  that  special  form 

in  the  gray  mailer  to  which  Virchow  gave  (he  name  of  neuroglia,  which  is  the  proper  sostentacular 
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pirt  of  the  interior,  median,  and  posterior  gray  maiter.  The  poalerior  root  mnery  culm  ihc  par 
malter  along  the  course  of  the  poslehor  nerve  roots.  Some  hranchcj  »!«»  paw  from  the  pU  nuto 
into  the  substance  of  the  cord,  and  are  knoM-n  ai  the  antero-  and  median  bteral  hranchest  vbiW 
others  dip  in  near  OoII's  column,  and  another  in  the  postcfo-exleriiat  column.     The  Ur)pc  ccntrai 
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•riery  lupplicit  the  gray  matter.  The  {general  retiiU  is  thai  the  gray  matter  is  much  more  vasctiLir 
than  the  while,  as  is  shown  in  tig.  402.  Adnmkicwicz  has  )^ven  a  must  minute  description  of  the 
blood  vessels  of  the  spinal  cord.  Some  small  vesveU  come  from  the  pia  and  send  Ijiandics  to  the 
while  matter,  and  unbranchcd  arteries  to  the  yray  "latif  r,  where  ihcy  form  a  capillar)'  plexus.  The 
blood  vessels  are  surrounded  liy  perivascular  lymph  spaces  (//i>).]  [With  regard  to  the  blood 
vessels  supplying  the  cord  as  a  whole,  Moxon  has  pointed  out  that,  owing  to  the  cord  nvH  being  ns 
long  as  the  vertebral  canal,  the  lower  nerTcs  have  to  run  down  within  the  vertebral  canal  before 
they  emerge  from  the  appropriate  inter- vertebral  foramina.  As  reinforcing  arteries  enter  the 
cord  along  the  course  of  these  nervex,  neceiisarily  the  branches  entering  along  the  course  of  the 
lumbar  and  lower  dor&al  nerves  arc  long,  and  this,  together  with  their  small  size,  offers  considerable 
rcMMance  to  the  blood  stream.  Mcncc.  perhaps,  why  the  lower  part  of  the  cord  is  so  apt  to  be 
atfected  by  various  pathological  conditions."] 

[Functions  of  the  Spinal  Cord. — (i)  It  is  a  great  conducting  medium, 
conducting  impulses  upward  and  downward,  and  within  itself  from  side  to  side, 
(3)  the  great  reflex  centre,  or  rather  series  of  so-called  centres;  (3)  impulses 
originate  within  it.] 

Conducting  Systems. — The  whole  of  the  longitudinal  fibres  of  (he  spinal 
cord  may  be  arranged  systematically  in  special  bundles,  according  to  their  func- 
tion. 

[Methods. — The  coun»  of  the  fibres  and  their  division  into  so-called  systems  has  been  ascer- 
tained partly  liy  aDatomical  and  embryological,  partly  by  physiological  and  pathological 
means.  .Apart  from  exprrinicTual  meihods,  such  as  dividing  one  column  of  the  cord  ami  olweni'ing 
the  result",  we  have  the  following  methods  of  investigation :  (1 )  TUrck  found  that  injury  or  disea<>e 
of  certain  parts  of  the  brain  was  followed  by  a  degeneration  downward,  or  secondary  descending 
degeneration  of  certain  of  the  nerve  fibres  connectetl  with  the  seat  of  injury,  i  e.,  they  were  sepa- 
rate<l  from  their  trophic  ci-ntrcs  and  underwent  degeneration.  (2)  F.  Schicfcrdcckcr  found  also,  after 
seciionof  ihecord.  that  above  and  below  the  level  of  the  section,  certain  defmitctracts  of  white  matter 
Underwent  degeneration  \\\\\x^  showing  that  certain  tracts  had  their  trt^phic  centre  below ;  this  constitutes 
secondary  ascending  degeneration].  [(3)  Oudden's  Method.— He  showed,  as  regards  the 
brain,  that  excision  of  a  sense  organ  in  a  young  growing  animal  was  followed  by  atrophy  of  the 
nerve  fibres  and  some  (Kher  parts  coiincacd  with  it.  Thus  the  optic  nerve  and  anterior  corpora 
quadrigeroina  atrophy  after  excision  of  the  eyeball  in  young  rabbits.1  (4)  Embryological.— 
Flechsig  sltowed  thai  the  fibres  of  the  cord  [and  the  brain  also  j  during dcvelupmertt  became  tm-ertti 
with  myflin  at  different  periods,  those  tihres  become  medullated  latest  which  had  the  longest 
course.     In  this  way  he  mapped  out  the  following  >y)dem  :— 

Flechsig's  System  of  Fibres. — i.  In  the  anterior  column  lie  {a)  the  un- 
crossed, anterior,  or  dhf€t pyramidal iracf ;  and  external  to  it  is  (b)  the  anterior 
ground  bundle^  or  anterior  radicular  tone  (Fig.  403). 

2.  In  the  posterior  column  he  distinguishes  W)  GoU's  column,  or  the  pos- 
tero-median  (postero-internal)  column  ;  and  id)  Burdach's  funiculus  cuneatus,  or 
ihe  posterior  radicular  zone,  or  the  postero-external  column. 

3.  In  the  lateral  column  are  (^)  the  anterior^  and  (/)  the  lateral  mixed  paths. 
(^g)  the  lateral  or  crossed  pyramidal  \x&cx^  and  (A)  the  direct  cerebellar  Xx^cX,  All 
the  impulses  from  the  central  convolutions  [motor  areas]  of  the  cerebrum,  by 
means  of  which  voluntary  movements  are  executed,  are  conducted  by  the  pyra- 
midal tracts  a  and  g  (§  365).  The  fibres  in  these  tracts  descend  from  the  cen- 
tral convolutions  \i.  e.,  the  tmotor  areas],  pass  through  the  white  matter  of  the 
cerebrum,  converging  like  the  rays  of  a  fan  to  the  internal  capsule,  where  they  lie 
in  the  knee  and  anterior  two-thirds  of  its  posterior  segment  (the  fibres  for  the  face 
at  the  knee,  and  behind  in  order  those  for  the  arm  and  leg),  they  then  enter  the 
middle  third  of  thecrusta,  pass  through  the  pons  into  the  anterior  pyramids  of  the 
medulla  oblongata,  where  the  great  mass  crosses  over  to  the  lateral  column  of  the 
opposite  side  of  the  cord  (crossed  pyramidal  tract),  a  small  part  descending 
in  the  cord  on  the  same  side  as  the  antero-niedian  tract  (direct  pyramidal  tract, 
a).  In  the  cord  these  fibres  are  probably  connected  with  large  multipolar  nerve 
cells  in  the  anterior  cornu,  and  from  the  latter  the  motor  nerves  proceed  to  the 
muscles].  The  direct  cerebellar  tracts  h^  connects  the  cerebellum  directly  by  as- 
cending fibres,  which  proceed  through  the  restiform  body  from  Clarke's  column 
of  nerve  cells  in  the  gray  matter.     As  fibres  from  the  posterior  roots  also  enter 
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the  latter,  it  follows  that  h  connects  the  posterior  nerve  roots  of  the  tninks  (but 
not  of  the  extremities)  with  the  cerebellum  ;  A,  ^,/(and  ?  a  small  part  of  J)  rep- 
resents the  channels  which  connect  the  gray  matter  of  the  spinal  cord  and  that  of 
the  medulla  oblongata  ;  they  represent  the  channels  for  reflex  effects,  and  they  also 
contain  those  hbres  which  arc  the  direct  continuation  of  the  anterior  s]>iDal  nerre 
roots,  which  enter  the  cord  at  different  levels  and  i>enetratc  into  the  gray  mancr. 
In  *f  and/there  are  some  sensory  jKiths.  Lastly,  £  unites  the  jjosterior  roots  with 
the  gray  nuclei  of  the  funiculi  graciles  of  the  medulla  oblongata  ;  </  connects  some 
of  the  posterior  nerve  roots  through  the  restiform  body  with  the  vernaiforin  pro- 
cess of  the  cerebellum  {Fiechsi^^.  The  direction  of  conduction  in  the  posterior 
columns,  which  are  continuations  of  some  of  the  fibres  of  the  posterior  roots,  tt 
upward,  as  part  of  them  degenerates  upward  after  section  of  the  posterior  root. 
Of  the  fibres  of  each  posterior  root,  some  pass  directly  into  the  posterior  horn, 
another  part  ascends  in  the  posterior  column  of  the  same  side,  and  gradually,  as  it 
ascends,  it  comes  nearer  the  posterior  median  fissure.  Some  of  these  fibres  enter 
the  gray  matter  of  the  posterior  horn  at  a  higher  level.  The  fibres  of  the  poiterior 
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columns  run  upward  only  as  far  as  the  decussation  of  the  pyramids,  where  tbey 
seem  to  end,  or  at  least  form  connections  with  the  nerve  cells  of  the  funiculi  %x%- 
ciles  [clava],  and  cuneati  [triangular  nucleus]. 

Further,  (he  irankverte  sectional  area  of  the  direct  and  croucd  pymnidal  tracts  (a  aodf)»^ 
lotcml  cerebellar  U-act  (A),  and  GoU's  column  (r)  gradually  diminish  from  above  downward;  thcT 
serve  to  connect  iniracranial  central  parts  with  the  ganglionic  cenirex  diitributed  alnog  ihc  ^ul 
cord.  The  anterior  root  Imndte  {b\,  ihe  funiculus  cuncatu^  {//),  and  the  anterior  muted  lateral  tncti 
(^-t  vary  Jn  diameter  at  different  pan*  of  the  cord,  corresponding  to  Ihe  number  of  nerve  nxMs.  U 
hai  lieen  concluded  from  this  that  thcftc  tracts  serve  to  connect  the  gray  matter  at  differmi  Icvdi  ta 
the  cord  with  each  other,  and  ultimately  with  the  medulla  oblongata,  to  that  they  do  noc  pMi  diwcriy 
to  the  higher  parts  of  the  brain  (Fig.  397)- 

Nutritive  Centres  of  the  Conducting  Paths. — TUrck  observed  tha.t  liie 
destruction  of  certain  parts  of  the  brain  caused  a  secondary  degeneration  of 
certain  parts  of  the  cord,  corresponding  to  the  parts  called  f*yr<imt\f<ii  tritiishj 
Flt^schig  (Fig.  404).  P.  Schiefcrdccker  found  the  same  effects  M^u^  where  he 
divided  the  spinal  cord  in  a  dog.  Heuce  it  is  concluded  that  the  nuiritxtr  or 
Irophic  centre  of  the  pyramidal  tracts  lies  in  the  cerebrum,  The  trophic  centre  for 
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Ihc  fibres  of  the  anterior  root  lies  in  ihe  multipolar  nerve  cells  of  the  anterior 
cornu  of  the  gray  matter  of  the  cord.  After  section  of  the  spinal  cord,  GoU's 
column  and  the  direct  cerebellar  tracts  degenerate  upward.  The  nutritive  centre 
of  the  latter  is  very  probably  in  the  nerve  cells  of  Clarke's  column,  and  that  of 
the  former  perhaps  in  the  spinal  ganglion  of  the  posterior  root.  Those  fibres  of 
the  spinal  cord  which  do  not  degenerate  after  section  of  the  cord,  especially  numer- 
ous in  the  lateral  and  anterior  columns  {SihieferiUcker^  Singer)^  are  commissural 
in  function,  connecting  ganglionic  cells  with  each  other,  and  are,  therefore,  pro- 
vided with  a  trophic  centre  at  both  ends. 

Time  of  Development. — With  regard  to  ihe  time  of  development  of  the  individual  systems, 
Flcchi^i^  findk  that  the  first  formed  piths  are  those  between  the  ()cripht:ry  and  the  central  ^ray  mauer, 
especially  the  ner-.c  roots,  i.  t.,  they  are  the  first  lo  be  coveted  with  the  myelin.  Tlien  hbres  which 
connect  the  my  matter  nt  diflcrcnt  levels  are  formed — the  fibres  which  connect  the  gray  matter  of 
the  cord  with  the  cerel>elluin,  and  also  ttic  former  with  the  fcgmenturo  of  the  cerebral  )>edunclc.  At 
Ust  the  fibres  uhicb  connect  the  ganglia  of  the  pedunculus  cerebri,  and  perhaps  al&o  the  gray  matter 
of  the  cortex  cerebri  wiih  the  gray  matter  of  the  cord  are  formed.  In  cases  of  anencephalou*  foetuses, 
i.  e.t  where  the  cerebrum  is  absent,  neither  the  pyramidml  tracts  nor  the  pyramids  arc  developed.  In 
the  i>r,uH  before  birth,  mcdullated  nerve  fibres  are  formed  In  the  j>araccntral,  central  and  occipital 
convolutions,  and  in  the  istand  of  Keil,  and  lajit  of  all  in  the  frontal  convolutions  ( Tut-Zfk). 

360.  SPINAL  REFLBXES.— By  the  term  reflex  movement  is  meant  a  movement  caused 
by  the  stimulation  of  an  afferent  (sensory)  nerve.     The  itimaluSf  on  being  applied  to  an  afTerent 
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Flc  405. — ^Scheme  of  a  ncAcx  arc.     S,  >kln  ;  M,  mtude  ;  N,  nerve  ccU,  with  a/,  afferent,  and  e/,  efferent  fitu^t. 
FlQ.  406- — Saction  of  a  ipitioi  iei;nieiit,  ihuirinc  a  unJIalerai  and  croMcd  rcMX  uci.     A,  aitiertor.  and  P,  pvtterior 
»ui&C«  ;  M,  tnuftdc  :  S.  tkln;  O,  ganglicm. 


nerve,  sets  up  a  state  of  excitement  (nervous  imptilse}  in  thai  nerve,  which  state  of  excitement  is 
iransmiited  or  conducted  in  a  ^■('B/r^/f/a/ direction  along  Ihe  nerve  to  the  etntre  (spinal  cord  in  this 
case),  where  the  nerve  cells  represent  the  nerve  centre  ;  in  Ihe  centre,  the  impulse  is  transferred 
!u  the  motor,  efferent  or  c^n/r^/^n/ channel.  Three  factors,  therefore,  ore  essential  for  a  reflex 
motor  act— a  centripetal  or  ftfTcrcnt  fibre,  a  transferring  centre,  a  ccnirifu(;al  nr  efferent  fibre  ;  these 
together  constitute  a  reflex  arc  (Kig.  405).  In  a  purely  rctlex  act,  all  voluntary  activity  is  ex> 
eluded. 

Keflex  movements  may  be  divided  into  the  three  following  groups  i — 

I,  The  simple  or  partial  reflexes,  which  are  characterized  by  the  fact  that  stimulation  of  a 
sensory  area  discharges  movement  in  one  muscle  only,  or,  at  least,  in  one  limited  group  of  muscles. 
Examples:  A  blow  upon  the  knee  causes  a  conlnurtion  in  the  i^uadriceps  extensor  cruris;  contact 
with  the  conjunctiva  causes  closure  of  the  eyelids.  In  the  former  case  the  afferent  channels  arise 
in  the  tendon  of  the  quadricej>s,  and  the  efferent  channels  lie  in  the  nerve  which  supplies  the  quad- 
riceps; in  the  latter  case  the  afferent  nerve  is  the  5th  and  the  efferent  the  7ih  cranial  nerve,  In 
Ihe  former  case  the  centre  is  in  the  lumbar  region  of  the  cord  ;  in  the  latter,  in  the  gray  matter  of 
Ihe  medulla  oblongata. 

II.  The  Extensive  Inco5rdinate  Reflexes,  or  Reflex  Spasms. — These 
movements  occur  in  the  form  of  clonic  or  tetanic  contractions;  individual  groups 
of  muscles,  or  all  the  muscles  of  the  body,  may  be  implicated.  Causes :  A  reflex 
spasm  depends  upon  a  double  cause — (i7)  Either  the  gray  matter  or  the  spinal  cord  is 
in  a  condition  oiexaiUdexcUability,  so  that  the  nervous  impulse,  after  having  reached 
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Fii:.  407. 


the  centre,  is  easily  transferred  to  the  netgh- 
boring  centres.  This*  excessive  excitability 
is  produced  by  certain  poiisons.  more  espc- 
cially  by  itrychnin,  brucia,  caffein  iAuktrts^ 
alrupin,  nicotin,  carbolic  acid,  etc.  The 
slightest  touch  applied  to  an  animal  poi* 
soned  with  strychnin  is  sufficient  to  throw 
the  animal  at  once  into  spasms.  Pathologi- 
cal conditions  may  cause  a  similar  result  j 
thus,  there  is  excessive  excitability  m  hydro- 
phobia and  tetanus.  On  the  other  hand, 
the  central  organ  may  Iw  in  such  a  coodi- 
lion  that  extensive  reflexes  cannot  take 
place;  thus,  in  the  condition  of  apfksj, 
the  .spasms  that  occur  in  poisoning  with 
strychnin  do  not  take  place  (_/.  Rostnihal 
ami  Leuhe^  Uspensky)^  and  the  same  result 
}s  brought  about  by  passive  artificial  re»pi* 
ratory  movements  (p.  Ebntr — §  361,  j). 
The  performance  of  other  passive  periodic 
movements  in  various  parts  of  the  body  also 
produces  a  similar  condition  {By^khrim). 
If  the  spinal  cord  be  cooled  very  consadef 
ably,  re^ex  spasms  may  not  occur  (^JCumdt}. 
(fi)  Extensive  reflex  movements  may  abo 
take  place  when  the  discharging  stimmiiu 
is  very  strong.  Examples  of  this  condi- 
tion occur  in  man ;  thus,  intense  ncuralgii 
may  be  accompanied  by  extensive  spoamodic 
movements. 

[Fig.  407  shows  ihe  mechaniMn  of  simple  and  complex  reflex  moTcroenu.  Suppose  ibe  slulio 
be  stimulated  nt  I',  an  impulite  v*  M:iit  to  A,  and  from  it  tu  a  muKic,  i,  on  the  nmc  tide,  raMWa( 
ia  a  anilateral  simple  rctkx  muvemciiL  The  resistance  t>ctitg  \k*a  m  this  ilirectioD  than  ia  fc 
other  channels.  If  the  impulse  t>c  stronger,  or  the  trannersc  resistance  in  the  cord  riim)niklietl,ttt 
Impulse  may  poM  to  U,  thence  to  3,  rcsultiag  in  a  •ymmetrical  ictlcx  movement  op  both  iHir 
But  if  a  very  strong  impulse  reaches  the  cord,  or  if  the  excitability  of  the  gray  miUer  be  itBcrtaarf, 
r.  g.^  by  strychnin,  the  resistance  to  the  difitision  of  the  impulse  is  diminished,  and  it  pamea  ■pwani 
to  C  and  1),  resulting  in  more  complex  movements:  thus,  there  b  irradiation— or  it  may  eves 
■fleet  the  ceotrcs  in  the  medulla  oblongata,  E,  giving  rise  to  genera]  convulsive  movcmeBlSw] 

Summation  of  Stimuli. — By  this  term  is  meant  that  a  single  weak  stimulai, 
which  in  itself  is  incapable  of  discharging  a  reflex  act,  may,  if  repeated  sufficiently 
often,  produce  this  act.  The  single  impulses  are  conducted  to  the  spinal  cord, 
to  which  the  process  of  *'  summation  "  takes  place.  According  to  J.  Roseothsl, 
3  feeble  stimuli  per  second  are  capable  of  producing  this  effect,  althoush  t6 
stimuli  per  second  are  most  effective.  On  increasing  the  number  of  stimuTi  per 
second,  no  further  increase  of  the  reflex  act  is  possible.  Other  observer5  {Stir- 
iing,  IVard)  have  found  that  stimuli,  such  as  induction  shocks,  are  active  witbta 
much  wider  limits,  e.g.,  from  0.05  to  0.4  second  interval.  W.  Stirling  has  shown 
that  it  is  extremely  probable  that  all  reflex  acts  are  due  to  the  repetition  of  impube* 
in  the  nerve  centres. 

[Strychnin  interferes  with  the  summation  of  stimuli,  but  the  reflex  excitaUliiy  U  so  greally  cxa]lc4 
that  a  minimal  stimulus  is  at  the  same  time  a  maximal  one.] 

Pflilger'a  Law  of  Reflex  Actiona. — { i )  The  reflex  movcmeot  occurs  on  /4/  tame  side  oa  *hkik 
the  sciisury  nerve  is  »Uti)utatcd,  nhile  only  those  miL<clcs  contract  whose  nerves  arise  frocn  tlic 
Mgmem  of  the  spinal  cord.     (2)   If  ihe  rcHcK  occurs  on  the  other  side,  only  tlie 
mosclei  contract.     (3}  If  the  contractions  be  unequal  upon  the  two  sides,  then  the 
conlnictiona  always  occui  on  the  aide  which  is  hiimutatcd.     (4)  tf  the  reflex  cacitcment  eatcodi  Id 


Scbcnc  of  mu<)c  of  prouagatinn  u(  reflex  niuremenU. 
P,  tlttn ;  A,  b.  C,  D,  motor  cetl*  in  ipiiwl  cord  : 
1*  S*  it  4i  3>  muj'dei  KBeaumii), 
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otHer  motor  nerves,  lliuse  aerves  are  alwairi  ofTected  which  lie  in  the  direction  of  the  medulla 
obluiigatA.     l-T^lly.  all  ihe  muscles  of  the  l»ody  may  be  ihruwn  into  contraction. 

Crossed  Reflexes. — They  are  exceiMions  to  these  rules.  If  the  region  of  the  eye  be  irritated 
in  a  frog  whose  cerebrum  is  removed,  there  is  frequently  >  reflex  contraction  in  the  hind  limb  of  ihe 
opposite  sule  {^LuihiiHgtr^  Langtudorff).  In  beheaded  tritons  and  tortoises  and  in  deeply- narcotized 
d<^t  and  cats,  tickling  one  fore  limb  us  frequently  followed  by  a  movcmeni  of  the  hinU  tind>  uf  the 
opposite  side  (/.ttthtinn^er).  This  phcnomeuori  is  called  a  *>  crossed  reflex  "  (Fij;.  406).  If  the 
spinal  cord  be  divided  alone  the  middle  line  throughout  its  entire  extent,  then,  of  course,  the  rellexes 
are  confined  to  one  side  only  (  Sckiff). 

Extensor  Tetanus. —  General  spasms  usually  manife?>t  themselves  as  "extensor  tetanus,"  because 
the  extensors  overcome  the  licxor  muscles.  Nerves  \t'hich  anse  from  the  medulla  oblongata  may 
be  excited  through  the  siimulatioD  of  distant  alTcrcnt  nerves,  without  general  s|xi»ms  being  produced. 

Strychnin  n  the  most  powerful  reflex-producing  poison  we  possess,  and  it  acts  upon  the  gray 
matter  of  the  spinal  cunl.  [An  auintal  poison'.:ti  with  strychnin  exhibits  tetanic  spasms  on  the  applt> 
cation  of  the  slightest  siimulus.  All  the  muKles  l>ecome  rigi<l,  but  the  extensors  overcome  the 
tlcxoT?.]  If  the  heart  of  a  frog  be  ligatured,  and  the  poiann  alterwanl  applied  directly  to  the  spinal 
cord,  reriex  spasms  are  produced,  proving  tJiat  strychnin  acts  upon  the  spinal  cord.  During  the 
spasm  the  heart  is  arreMcd  in  (iiastole,  owing  to  the  stimulation  of  the  vagus,  while  the  arterial 
blood  pressure  is  greatly  increased,  owing  to  stimulation  of  tlie  central  vasomotor  centres  o(  the 
medulla  oblongata  and  spinal  cord.  Mammals  may  die  fnim  asphyxia  during  the  attack;  still,  after 
large  doses,  de^th  may  occur,  owing  to  paralysis  of  the  spinal  cord,  due  to  the  frequently-recurring 
spasms.  Fowls  are  unaffected  by  comparatively  large  doses.  [We  can  prove  thai  strychnin  dots 
not  produce  spasms  by  acting  on  the  brain,  muscle  or  nerve.  L)estroy  the  brain  of  a  frog,  divide 
one  sciatic  nerve  high  up,  and  inject  a  small  dose  of  strychnin  into  the  dorsal  lymph  sack ;  in  a  few 
minutes  all  the  muscles  of  the  body,  except  those  supplied  by  the  divided  nerve,  will  be  in  spasms, 
showing  that,  although  the  poiaooed  blood  has  circulated  in  the  nerves  and  muscles  of  the  leg,  it 
does  not  act  on  them.     DestKty  the  spinal  cord,  and  the  spasms  cease  at  once,] 

Other  Poisons. — Chhrojorm  diminishes  the  rcllcx  excitability  by  acting  upon  the  centre,  and 
a  similar  effect  \a  produced  by  picrotuxin,  morphia,  narcotio.  thcbain,  aconitin,  <iuinine,  hydrocyanic 
add.  [W.  Stirling  finds  that  chloral,  potas^ic  bromide  and  chloride,  ammonium  chloride,  but  not 
•odium  chloride,  greatly  diminish  the  reflex  excitability.     Nicotin  increases  it  in  frugs^/T<ruj^«^-)  ] 

A  constant  current  of  electricity  passed  longituduiaJly  through  the  cord  dinuiushcs  the  reflexes 
{Hankt),  especially  if  the  direction  of  the  current  is  from  above  downward  \Ltgros  and  Onimus^ 
Utptmky). 

Ill,  Extensive  coordinated  reflexes  are  due  to  siimuULion  of  a  sensory 
nerve,  catising  the  discharge  of  coraplicaied  reflex  movements  in  whole  groups  of 
different  muscles,  the  movements  being  *' purposive"  in  character,  /'.  ^.,  as  if 
they  were  intended  for  a  particular  pur(jose. 

Methods. — The  experimenti  are  made  upon  <cihl-hl(foded  animals  (decapitated  or  pithed  frogs, 
tortoises,  or  eels),  or  upon  mammah.  In  Ihe  laiier,  anihcial  respiration  is  kept  up,  and  the  four 
arteries  going  to  the  bead  are  ligatured,  in  order  to  eltminaie  the  action  of  the  brum  \Stg.  Aiayer^ 
Lu(hiinger).  The  reliexe*  of  the  lower  jwrl  of  the  spinal  cord  may  l>e  studied  on  animals  ^or  men), 
in  cases  where  the  itpinal  cord  is  divided  transversely  in  the  upper  dorsal  region.  In  such  cases 
some  time  must  cKipse  m  order  Itiat  the  primary  eil'ect  of  the  lesion  (the  so-called  shock),  ^»hicn 
usually  c-iiises  a  diminution  of  the  reflexes,  may  pass  off.  Very  young  mammals  cxiiibit  reBcxcs  for 
a  considerable  time  after  they  arc  l>cheaded. 

Examples. —  i.  The  protective  movements  of  pithed  or  decapitated  frogs, 
[If  a  drop  uf  a  dilute  acid  t>e  applied  to  the  skin  of  such  a  frog,  immediately  it 
strives  to  get  rid  of  the  offending  body,  and  it  generally  succeeds  in  doing  so.] 
Similarly,  it  kicks  against  any  lixed  body  pushed  against  it.  These  movements 
arc  so  purposive  in  their  character,  and  the  actions  of  groups  of  muscles  are  so 
adjusted  to  perform  a  particular  act,  that  PflUger  regarded  them  as  directed  by 
and  due  to  "consciousness  of  the  spinal  cord."  If  a  flame  be  applied  to  the  side 
or  part  of  the  body  of  an  eel,  the  body  is  moved  away  from  the  tlame.  The  tail 
uf  a  decapitated  triton,  tortoise,  newt,  eel,  or  snake  is  directed  toward  a  gentle 
stimulus,  but  if  a  violent  stimulus  is  used,  it  is  directed  away  from  il  K,Luchstnger). 

a.  Goltz's  Croaking  Experiment.— A  pithed  (male)  frog,  /.  r..  one  with  its 
cerebral  lobes  alone  removed  lor  one  with  its  eyes  or  ears  destroyed — Lan^eiulorff), 
croaks  every  time  the  skin  of  its  back  or  flanks  is  gently  stroked.  [Some  male 
frogs,  when  held  up  by  the  finger  and  thumb  immediately  behind  the  fore  legs, 
croak  every  time  gentle  pressure  is  made  on  their  flank.] 
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3.  Goltz's  *'  Embrace   Experiment."— During   the  breeding  season,  in 

spring,  the  part  of  the  body  of  the  male  frog,  between  ihe  skull  and  the  fourth 
vertebra,  embraces  every  rigid  object  which  is  brought  into  contact  with,  and 
gently  stimulates,  the  skm  over  the  sternum. 

4.  In  mammals  (dogs)  the  following  reflex  acts  are  performed  by  the  posterior 
part  of  the  spinal  cord,  even  after  it  is  separated  from  the  rest  of  the  cord : 
Scratching  with  the  hind  feet  a  part  of  the  skin  which  has  been  tickled  (just  4a 
in  intact  animals) ;  the  movements  necessary  for  emptying  the  bladder  and  for 
defsecation,  as  well  as  those  necessary  for  erection  ;  the  movements  necessary  for 
parturition  {Goltz^  Frfusherg  and  G^rgtns).  Coordinated  movements  do  not,  as 
a  rule,  occur  simultaneously  in  portions  of  the  spinal  cord  lying  widely  apart  after 
removal  of  the  medulla  oblongata.  According  to  Ludwig  and  Owsjannikow^  the 
medulla  oblongata,  perhaps,  contains  a  reflex  organ  of  a  higher  order,  which  forms, 
as  it  were,  a  centre  for  combining,  through  the  medium  of  the  nerve  fibres,  the 
various  reflex  provinces  in  the  spinal  cord. 

5.  Coordinated  reflexes  tnay  occur  in  man  during  sleep,  and  during  patho- 
logical comatose  conditions. 


Most  uf  the  movements  which  we  perform  while  we  ore  owake,  and  which  we  execute 
■ciously — or  even  when  our  psychical  aaivities  are  concenu-ated  upon  Bome  other  object — rcatff 
belong  to  the  category  of  cofirdinated  fcRcxcs.  Many  coraphcoted  motor  aas  roDsi  first  tx  learned 
— r.^.,  dancing,  skating,  nding,  walking — before  unconaciuus  harmonious  coordinated  rvflene*  can 
mgain  b«  discharged.  The  cuOrdinaied  rertex  movements  of  coughing,  snoenng,  and  voninif 
depend  upon  (he  spinal  cord,  together  with  the  medulla  oblongata. 

The  following  facts  are  also  important : — 

1.  Reflexes  are  more  easily  and  more  completely  discharged  when  the  specific 
end  organ  of  the  aflcrent  nerve  is  stimulated  than  when  the  trunk  of  the  nerve 
is  stituulated  in  its  course  i^MarshaU  Haii^  ^^37)- 

2.  A  stronger  stimulus  is  required  to  discharge  a  reflex  movement  than  for  the 
direct  stimulation  of  motor  nerves. 

3.  A  movement  produced  reflexly  is  of  shorter  duration  than  the  corresponding 
movement  executed  voluntarily.  Further,  the  occurrence  of  the  movement  after 
the  moment  of  stimulation  is  distinctiy  de/ayed.  In  the  frog,  a  period  nearly  twelve 
times  as  long  elapses  before  the  occurrence  of  the  contraction  than  is  occupied  to 
the  transmission  of  the  impulse  in  the  sensory  and  motor  nerves  i^HeimheiH^  '^J/)- 
Thus,  the  spinal  cord  offers  resistance  to  the  transmission  of  impulses  through  it. 

The  terra  "reflex  time  "  is  applied  to  the  time  necessary  fur  transferring  the  impulse  from  tW 
aifcTcnt  Abrc  to  the  nerve  cells  of  the  cord,  and  frum  them  to  the  eiTcrent  tibre.  In  the  frog  tf  M 
equal  to  0,008  to  0.015  second,  llie  time,  however,  is  tncreased  by  almost  one-thiid  if  the  impolae 
pass  to  the  other  side  of  the  cord,  or  if  it  pass  along  the  cord,  i.g.,  from  the  sensory  rterves  of  the 
anterior  extremity  to  the  motor  roots  of  the  posteriur  limb.  Heat  diminishes  the  rcAcx  time  and 
increases  the  reflex  excitability.  I.«wering  the  iem|>eraiure  (winter  frogs),  as  well  as  the  rcAex  u* 
citing  poisons  already  mentioned,  lengthen  the  rejltx  time,  while  the  renex  excitability  is  tttiuhl- 
neuukly  increased.  Conversely,  the  rcHex  time  diminishes  as  the  suength  of  the  itimulos  incjcsM^ 
and  it  may  even  I)ecomc  of  minimal  duration  {J.  HoienthalV  The  reHex  time  is  detcrmioed  by 
ascertaining  the  moment  at  which  the  sensory  nerve  is  stimulated,  and  the  sub«e<|uem  cxintr*cifc» 
occurs.  Induct  from  this  the  time  of  latent  stimulation  (}  398,  I),  and  the  lime  necessary  for  the 
conduction  of  the  impulse  {\  398)  in  the  afferent  ond  enerent  nerves  \y.  lirlmkottz^J.  Rctemltt^ 
Exntr,  W'undt). 

[Influence  of  PoiBonn.— The  latent  period  and  reflex  time  are  inRuenced  by  a  lar|^  D»»ba 
of  conditions.  In  a  research  as  yet  unpublished,  W.  Stirling  finds  that  the  laient  period  may  re* 
main  nearly  constant  in  a  pithed  frog  for  nearly  two  days,  when  tested  by  Ttlrck's  method.  Sodtc 
chloride  does  not  mfluence  the  time,  nor  docs  sodic  bromide  or  iodide.  Potassic  chloride,  howwcr, 
lengthens  it  enormously,  ur  even  abulLshcs  rellcx  action  after  a  very  short  time,  and  H>  do  jrTiiir 
bromide,  ammonium  chloride  and  bromide, chloral  and  crotou  chlorml.  The  lithia  salts  also  tcnfihca 
the  reflcK  time,  or  abolish  the  reflex  act  after  a  time.] 

361.  INHIBITION  OF  THE  REFLEXES.— Within  the  body  there 
are  mechanisms  which  can  suppress  or  inhihit  the  discharge  of  reflexes,  and  ibcy 
may  therefore  be  termed  mechanisms  inhibiting  the  rcBexes.     These  are:— 
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EXAMPLES   AND   NATURE   OF   INHIBITION. 


1.  Voluntary  Inhibition, — Reflexes  maybe  inhibited  voluntarily,  both  in 
the  region  of  the  spinal  cord  and  brain.  Examples  :  Keeping  the  eyelids  open 
when  the  eyeball  is  touched;  arrest  of  movement  when  the  skin  is  tickled.  We 
must  observe,  however,  that  the  suppression  of  reflexes  is  possible  only  up  to  a 
certain  point.  If  the  stimulus  be  strong,  and  rejieated  with  sufficient  frequency, 
the  reflex  impulse  ultimately  overcomes  the  voluntary  eflbrt.  It  is  impossible  to 
suppress  those  reflex  movements  which  cannot  at  any  time  be  performed  volun- 
tarily. Thus,  erection,  ejaculation,  parturition,  and  the  movements  of  the  iris, 
are  neither  direct  voluntary  acts,  nor  can  they,  when  they  are  excited  rcflexly,  be 
suppressed  by  the  will. 

2.  Setschenow's  inhibitory  centre  is  another  cerebral  apparatus,  which 
in  the  frog  is  placed  in  the  uptic  lobes.  If  the  optic  lobes  be  separated  from 
the  rest  of  the  brain  and  spinal  cord  by  a  section  made  below  it,  the  reflex 
excitability  is  increased.  If  the  optic  lobes  be  stimulated  with  a  crystal  of 
common  salt  or  blood,  the  reflex  movements  are  suppressed.  The  same  results 
obtain  when  only  one  side  is  operated  on.  Similar  organs  are  su[>posed  to 
be  present  in  the  corpora  quadrigcmina  and  medulla  oblongata  of  the  higher 
vertebrates. 

[Quinine  greatly  diminishci  the  reflex  excitability  in  the  frog,  but  if  the  medulla  oblongata  be 
divided,  the  rcHcK  excitahiltty  of  the  cord  if  restored.  The  depre»ion  is  ascribed  by  Chaperon  lo 
the  action  of  ibc  quinine  ud  Setschenow'&  centres.] 

3.  Strong  stimulation  of  a  sensory  nerve  inhibits  reflex  movements.  The 
reflex  does  not  lake  place  if  an  afferent  nerve  be  stimulated  very  powerfully 
(  Goltz,  LrU'issortt  A.  Fuk^  ami  ErUnmeyer).  Examples  :  Suppressing  a  sneeze 
by  friction  of  the  nose  [compressing  the  skin  of  the  nose  over  the  exit  of  the 
nasal  nerve];  suppression  of  the  movements  produced  by  tickling,  by  biting  the 
tongue.  Very  violent  stimulation  may  even  suppress  the  coordinated  reflex 
movements  usually  controlled  by  voluntary  impulses.  Violent  pain  of  the  abdom- 
inal organs  (intestine,  uterus,  kidneys,  bladder,  or  liver)  may  prevent  a  person 
from  walking  or  even  from  standing.  To  the  same  category  belongs  the  fact  that 
persons  fall  down  when  internaS  organs  richly  supplied  with  nerves  are  injured, 
there  being  neither  injury  of  the  motor  nerves  nor  loss  of  blood  to  account  for  the 
phenomenon. 

It  is  imponant  to  note  that  in  the  suppression  of  reflexes,  antagonistic  muscles  are  often  thrown 
into  action,  Mrhcther  voluntarily  or  by  the  stimulaion  of  sensory  iKrvcs,  i.  r,  rcllcxly.  In  some 
cases,  in  ordei  to  cause  suppreuion  of  the  reHcx,  it  apjDeBnt  to  be  sufficient  to  direct  our  attention  to 
(he  execution  of  such  a  complicated  reflex  act.  '1  bus,  some  persons  cannot  snee£e  wben  they  think 
intently  upon  this  act  itwif  {Danvln),  The  voluntary  impulse  rapidly  reaches  the  reflex  ccalrc, 
and  begins  lo  inRuence  it  so  thai  the  normaE  courie  of  the  reHex  stimulation,  due  lo  an  impulse  from 
the  pcriphen.',  is  interfered  with  {SchlHsfr). 

[Nature  of  Inhibition, —  The  foregoing  view  assumes  the  existence  of  inhibitory  centres,  but  it 
is  important  10  point  out  that  it  has  been  alteni{)tcd  to  explain  this  phenomenon  without  postuUltng 
the  exlvtence  of  inhibitory  centres.  During  inhibition  the  function  of  an  organ  is  restrained — dur- 
ing paralysis  it  U  abolishe<l,  so  that  there  is  a  shaip  distinction  between  the  two  conditions.  The 
analogy  between  inhibitory  phenomena  and  tlie  effects  of  interference  of  waves  of  light  or  sound 
has  been  pointed  out  by  Bernard  and  Romanes,  while  Lauder  Brunton  has  shown  good  reason  for 
pbcing  the  question  on  a  physical  ba.Ms,  and  indicating  that  inhibition  is  not  dependeni  on  the  ex* 
iitencc  of  special  inhibitory  centres,  but  that  stimulation  and  inhibition  arc  different  phases  ofi 
excitcmcnl,  the  two  terms  being  relative  conditions  depending  on  the  length  of  the  path  along  which 
the  impulse  has  to  travel  and  ihe  rate  of  its  transmission,  llrunlon  points  out  thai  the  known  facts 
are  more  consistent  with  an  hypothesis  of  the  interference  of  waves,  one  with  another,  than  that 
there  are  inbilMtory  centres  for  every  so-called  inhibitory  act  in  the  tiody  (s^e  p.  614).] 

[Some  drugs  affect  the  rcllex  excitability  directly  by  acting  on  the  spinal  co^d,/.;^,  methylconine, 
but  other  drugs  may  produce  the  same  result  indirectly  by  a^ccting  the  heart  and  the  blood  supply 
10  the  cord.  If  the  abdominal  aorta  of  a  rabbit  lie  compressed  for  a  few  minutes  to  cut  on  the 
supply  of  Wood  to  the  cord  and  lower  limb*,  temporary  paraplegia  is  produced.] 

If  frogs  be  asphyxiated  in  air  deprived  of  all  its  U,  the  brain  and  spinal  cord  become  completely 
ttnexcitable,  and  can  no  longer  discharge  reflex  acts.  The  motor  nerves  and  ihc  muscles,  however, 
suffer  very  little,  and  may  retain  their  excitability  for  many  days  {Auhert). 
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Tiirck's  method  of  testing  the  reflex  excitability  of  a  frog  is  th«  follovisg: 
A  frog  XA  pithed,  and  after  it  has  recovered  from  the  shock  its  foot  is  dipped  into 
i///»/<r  suiphuru  add\2  per  looo].  The  time  which  elapses  between  the  leg  being 
dipped  in  and  the  mornent  it  is  withdrawn  is  noted.  [The  time  may  be  c&iimaied 
by  means  of  a  metronome,  or  the  movements  may  be  inscribed  u[ion  a  reoordiitg 
surface  {Baxi).  The  time  which  elapses  is  known  as  the  **  period  of  latent  stim- 
ulation."] 

This  time  is  gre«tly  prolon|;e(l  after  the  opUc  lobes  have  been  stimulated  with  a  CfyrtiJ  of 
common  ult  or  blood,  or  after  the  stiinulalion  of  a  seniory  nerve. 

Seixcheiiow  disUn^ishcd  tactile  rcHexes,  which  are  di^hargcd  by  stimulation  of  the  mtrwm  •f 
touch;  and  patbic,  which  are  due  to  stiaiulatiou  of  jemvry  ([jain-conducting)  fil>res.  He  and 
PaKhaiin  suppose  thai  the  tactile  reflcxe<i  are  supprcs»ecl  bjr  voluntary  impulses,  and  the  patbic  bj 
the  centre  in  the  ojXic  lot>e^. 

Theory  of  Reftex  MovementB. — The  following  theory  has  been  propounded  to  account  (ur  the 
phenomena  already  described  :  it  is  assumed  that  the  afferent  fibre  within  the  gray  manrr  erf  ibt 
spinal  cord  joins  one  or  more  nerve  cells,  and  thus  is  placed  in  communication  in  all  djicctioia  viUl 
the  network  of  Bbres  in  the  gray  sub:ktance.  Any  impulse  reaching  the  gray  matter  of  the  cord  hM 
to  o%'ercome  considerable  resistance.  The  lca,\t  resistance  lies  in  the  direction  of  those  tjftwrmj 
fibres  which  emerge  in  the  same  plane  and  u|K>n  the  same  side  as  the  entering  fibre.  Tbw  ibc 
fcchlrst  stimulus  (fives  rise  to  a  simple  rejiex,  which  generally  is  merely  a  simple  protective  niave- 
meni  for  the  part  of  the  skin  which  is  stimulated.  Still  greater  resistance  it  oppi.iiCfl  in  the  dircaioo 
of  other  rootur  ganglia.  If  the  rellex  impulse  is  lo  pau  to  these  ganglia,  cither  the  disdiaqpflc 
itimHlui  must  he  considerably  incrfaseJ,  or  the  rfnstance  within  the  connections  uf  the  gsi^la  M 
thv  giay  matter  must  Ijc  diminished.  The  latter  contltlion  x^  producetl  by  the  action  of  ihc  abon- 
naiitc^l  poivtns,  as   well  as  during  general   increased  nervous  excitability  ( hyMeria.  ncrvoMsaai). 


'1  bus,  extensive  reflex  spasms  may  be  produced  cither  by  increasing  the  stimulus  or  by  diminttliuitf 
the  resistance  (o  conduction  in  the  spinal  cord.  Those  conditions  which  render  the  occurmice  of 
rcllcxes  mure  difficult,  or  abolish  them  altogether,  mu»t  be  regarded  as  increasing  the  resuianoe  M 
the  rc-tlciL  arc  in  the  cord.  The  action  of  the  reHea  Inhibilory  mechaniam  may  be  viewed  in  a 
similar  manner. 

The  fibres  of  the  reflex  arc  must  have  a  connection  with  the  reftex  inhibitory  paths;  we  mufl 
Ofisume  that  equally  by  the  rcHcx  inhibitory  stimulation  resistance  i»  wuroiluced  into  the  rcflc:^  arc 
The  explanation  of  exleniivt  coiSrdinuted  mat'ements  is  accompanied  with  difliculties.  It  is  assumed. 
thai  by  uj*  and  also  by  heredity,  those  ganglionic  cells  which  arc  the  Km^a.  to  receive  the  imputie, 
arc  placed  in  the  path  of  least  reNistancc  in  connection  with  those  cells  which  transfer  the  uii|>alic 
to  the  groups  of  muscles,  whose  contraction,  resulting  in  a  coordinated  purpotive  movmMil,  pn* 
vents  the  body  or  the  limt>  from  being  affected  by  any  injurious  influences. 

Patholog^ical.— Anuniahes  of  rellex  activity  atlord  an  important  field  to  the  physician  fa  tbf 
investigation  of  nervous  diseases.  Enfeeblement,  or  even  complete  abolition  ol  the  reHucs 
may  occur:  (i)  Owing  to  diminished  sensibility  or  complete  iuscnsibiliiy  of  the  afferent  hhcrt; 
(2)  in  analogous  affections  of  the  centra)  organ  ;  (3f  or,  lastly,  of  the  efferent  fibres.  Where  tber« 
is  general  depression  of  the  nervous  activity  (as  alier  shocks,  compression  or  inflammAtioa  of  the 
central  nervouf.  organs;  in  asphyxia,  in  deep  coma,  and  in  conse*]ucncc  of  the  action  of  tuutf 
poisons),  the  reflexes  may  be  greatly  diminished  or  even  abolished. 

[Reflexes. — The  physician,  by  sltidying  the  condition  of  the  reflexes,  cifl 
form  an  idea  as  to  the  condition  of  practically  every  inch  of  the  spina!  coctl. 
There  are  three  groups  of  rcfle.\es,  {a)  the  superficial,  {Jj)  the  deep  or  tendon, 
(f)  the  organic  reflexes.] 

[The  superficial  or  skin  reflexes  are  excited  by  stimulating  the  skin,  e^g-^^j 
tickling,  pricking,  scratching,  etc.  We  can  obtain  a  series  of  reflexes  from  below 
as  far  up  as  the  lower  part  of  the  cervical  region.  The  plantar  reflex  is  obtained 
by  tickling  the  soles  of  the  feet,  when  the  leg  on  that  side,  or,  it  may  be,  both 
legs  are  drawn  up.  It  is  always  prewnt  in  health,  and  its  centre  is  in  the  lumbar 
enlargement  of  the  cord.  The  cremasteric  reflex  is  well  marked  in  boys,  and  t» 
easily  produced  by  exciting  the  skin  on  the  inner  side  of  the  thigh,  when  the 
testicle  on  that  side  is  retracted.  The  gluteal  reflex  consists  in  a  contmction  of 
the  gluteal  muscles,  when  the  skin  over  the  buttock  is  stimulated.  The  abdo- 
niinal  rellex  consists  in  a  similar  contraction  of  the  alxlomiiial  niiLsrIes,  when  the 
skin  over  the  abdomen  in  the  mammary  line  is  stimulated.  The  epigastric 
reflex  is  obtained  by  stimulating  the  skin  in  front  between  the  fourth  and  sixth 
ribs.     The  interscapular  reflex  results  in  a  contraction  of  the  muscle 
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to  the  scapula,  when  the  skin  between  the  scaputs  is  stimulated.     Its  centre  cor* 
responds  to  the  lower  cervical  and  upper  dorsal  region.] 

[The  following  tabic,  after  Gowen,  shows  the  relation  of  each  reflex  to  the  ipinal  scgmenl  or 
segments  on  wbich  ll  depends  :— 


Cervical 6 

7 

S 

X>orsal I 


itencaptilar. 


ligutnc. 


Abdominal. 


1  umbar 


Cremasteric, 
>  Aiftrt-  Rcfex. 


Planinr. 

|-  Vesical. 

Rectal. 

J  Sexual.] 


> 


Tendon  Reflexes. — Under  pathological  conditions,  special  attention  is 
directed  to  the  so-called  tendon  refltxes,  which  depend  upon  the  fact  that  a  blow 
upon  a  tendon  (a^'.,  the  quadriceps  femoris,  lendo- Achilles,  etc.),  discharges  a 
contraction  of  the  corresponding  muscle  {U'fstf>hai,  Erb  (1875),  EuUnherg and 
ethers)]  that  the  patellar  itndon  reflex  (also  called  "  >6rt(rc/A^m//nrffi?ff  ")  or  simply 
*' knee  reflex,"  or  "knee  jerk,"  is  invariably  absent  in  cases  of  ataxic  tabes 
dorsalis,  while  in  spasnc  spinal  paralysis  it  is  abnormally  strong  and  extensive 
{Erb).  [The  "knee  jerk"  is  elicited  by  percussing  the  ligamcntum  patellje, 
and  is  due  to  a  //«<'//*  sjiasm  of  the  rectus.  The  latent  period  is  .03  to  .04  second, 
and  it  is  argued  by  Waller  and  others  that  it  is  doubtful  if  this  tendon  reflex  is  sub- 
served by  a  spinal  nervous  arc,  while  admitting  the  effect  of  the  spinal  cord  in 
modifying  the  response  of  the  muscle.]  Section  of  the  motor  nerves  abolishes 
the  patellar  phenomenon  in  rabbits  {Schuli%),  and  so  does  section  of  the  cord 
opposite  the  5th  and  6th  lumbar  vertebrae  {Tuhtrjno,  Sena/or).  Landois  finds 
that  in  his  own  person  the  contraction  occurs  0.048  second  after  the  blow  upon 
the  ligamcntum  pattrUcc.  According  to  Waller,  the  patellar  reflex  and  the  lendo- 
Achilles  reflex  occurs  0.03  to  0.4  second,  and  according  to  Eulcnbcrg,  0,032 
second  after  the  blow.  According  to  Westphal  these  phenomena  are  not  simple 
reflex  processes,  but  complex  conditions  intimately  dependent  upon  the  muscle 
tonus,  so  that  when  the  tonus  of  the  quadriceps  femoris  is  diminished  the  phe- 
nomenon is  abolished.  In  order  that  the  phenomenon  may  take  place,  it  is  neces- 
sary that  the  outer  part  of  the  posterior  column  of  the  spinal  cord  remain  intact 
(  Westphal).  [A  '*  jaw  jerk  "  is  obtained  by  suddenly  depressing  the  lower  jaw 
\GffW€rs^  Beevor  atui  De  IVattci'tlU),  and  the  last  observer  finds  that  the  latent 
period  is. 02  second,  and  if  this  be  the  case,  it  is  an  argument  against  these  so-called 
'*  tendon  reflexes  "  being  true  reflexes,  and  that  they  are  direct  contractions  of 
the  muscles  due  to  sudden  stimulation  by  extension.] 

Another  important  diagnostic  reflex  is  the  "  abdominal  reflex  "  {O.  Rasen- 
hach),  which  consists  in  this,  that  when  the  skin  of  the  abdomen  is  stroked,  *:■.  g., 
with  the  handle  of  a  percussion  hammer,  the  abdominal  muscles  contract.  When 
this  reflex  is  absent  on  both  sides  in  a  cerebral  affection,  it  indicates  a  diffuse 
disease  of  the  brain  ;  its  absence  on  one  side  indicates  a  local  affection  of  the  o\>- 
posite  half  of  the  brain.  The  cremasteric,  conjunctival,  mammilary, 
pupillary,  and  nasal  reflexes  may  also  be  specially  investigated.  In  hemiplegia 
complicated  with  cerebral  lesions,  the  reflexes  on  the  paralyzed  side  are  diminished, 
whilst  not  unfrequently  the  patellar  reflex  may  be  increased.  In  extensive  cerebral 
affections  accompanied  by  coma  the  reflexes  are  absent  on  both  sides,  including,  of 
course,  those  of  the  anus  and  bladder  (t?.  Rosenbaeh'). 

[Horslcy  finds  that  in  the  deepest  narcosis  produced  by  nitrous  oxide  gas  ibe  superficial  reflexes 
('•/•*  plantar,  conjunctival)  are  abolished,  wlien  the  deep  (knee  jerk)  remaio.     Anemia  of  the 
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lumbar  enlarKemenl  (compression  of  the  abdominal  aorta)  causes  diM|jpearances  of  l>o(h  reflexes 
{PtH'ost).  Chloroform  and  atphyxia  aboliiih  the  deep  as  Mrell  as  the  KuperficiAl  reflexes.  H«rdey 
regards  the  so-called  deep  rcllex  or  knee  jerk  not  as  dcfiendtngon  a  centre  in  the  cnrd,  but  ifae  cdD' 
traction  of  the  rectus  femoriii  is  due  to  local  irrttatHm  uf  the  muscle  from  sudden  elongation,  j 

[Method.— The  knee  jerk  is  easily  elicited  by  striking  the  patellar  tendon 
with  the  edge  of  the  hand  or  a  percussion  hammer  when  the  leg  is  semi-Acxed,  at 
when  the  legs  are  hanging  over  the  edge  of  a  table  or  when  one  leg  is  crossed  over 
the  other.  It  is  almost  invariably  present  in  health,  but  it  becomes  greatly  exia- 
geraied  in  descending  degeneration  of  the  lateral  columns  and  lateral  sclerosisj 

[Ankle  clonus  is  another  tendon  reflex,  and  it  is  never  present  in  health,  if 
the  leg  be  nearly  extended,  and  pressure  made  upon  the  sole  of  the  foot  so  as  sod* 
denly  to  flex  the  foot  at  the  ankle,  a  series  of  (5  to  7  per  second)  rhythmical 
contractions  of  the  muscles  of  the  calf  takes  place.  Gowers  describes  a  modiA- 
cation  elicited  by  tapping  the  muscles  of  the  front  of  the  leg,  the  '* front  tap  t^n- 
traction^  Ankle  clonus  is  excessive  in  sclerosis  of  the  lateral  columns  and  spastic 
paralysis.] 

[The  organic  reflexes  include  a  consideration  of  the  acts  of  micturitioD,  erec- 
tion, ejaculation,  defecation,  and  those  connected  with  the  motor  and  secretory 
digestive  processes,  respirationj  and  circulation.] 

[In  **  ankle  clonus  **  excited  by  sudden  passive  flexion  of  the  foot,  there  is  a  multiple  spun  of 
the  gastTucneniiu:i.  Here  also  the  latent  penud  is  about  0.3  to  04  second  and  the  rbytlira  S  to  10 
per  second.  This  sliort  latent  period  has  led  some  observers  to  doubt  the  essentially  reflex  nature 
of  this  act.] 

When  we  are  altout  to  sleep  {\  374)  there  is  first  of  all  a  temporary  increase  of  the  reticles;  in 
the  hrst  &leep  the  reflexes  are  diminished,  and  the  pupils  are  contracted.  In  deep  steep  the  sbdoa- 
inal,  cremasteric,  and  patellar  reflexes  arc  absent;  while  tickling  the  soles  of  the  feet  and  the  oose 
only  actft  when  the  stimulus  i»  uf  a  ccttaiu  intensity.  In  narcosis,  e.  g.,  chk>rofonn  or  norpfaia, 
the  abilominal,  then  the  conjunctival  amt  patellar  reflexes  di&ai>pear;  lastly,  the  pupils  conmct  {O, 
Roienbach'). 

Abnonnal  increase  of  the  reBex  activity  usually  indicates  an  increase  of  the  cxcitahilily  of  the 
reflex  centre,  although  an  abnormal  sensibility  of  the  alferenl  nerve  may  be  the  cause.  As  ibe  hir- 
monious  equilibrium  of  the  voluntary  tnovemcnts  is  largely  dcj>cni)ent  upon  and  rrguialed  bv  the  re. 
flexcb,  it  is  evident  that  in  affections  of  tlie  spinal  cord  there  are  frequent  disturbances  of  the  vohia- 
tary  mnvements,  e.  g.,  the  characteriMic  di^turtuince  of  motion  in  attempting  to  walk,  and  in  pasu- 
ing  movementa  exhibited  by  i>enupnH  suflenng  from  at.-ixic  tabes  domoJis  [or,  as  it  is  more  gcbcraUy 
called,  locomotor  aiaxia,'\ 

363.  CENTRES  IN  THE  SPINAL  CORD.— At  various  parts  of  the 

spinal  cord  arc  placed  centres  capable  of  being  excited  reflexly,  and  which  can 
bring  about  the  discharge  of  certain  complicated,  yet  well  coordinated,  tnoior 
acts.  These  centres  still  retain  their  activity  after  the  spinal  cord  is  separated  frooi 
the  medulla  oblongata  ;  further,  those  centres  lying  in  the  lower  part  of  the  spinal 
cord  still  retain  their  activity  after  being  separated  from  the  higher  centres,  bul  in 
the  normal  intact  body  they  are  subjected  to  the  control  of  higher  reflex  centres 
in  the  medulla  oblongata.  Hence,  we  may  speak  of  thera  as  subordinate  spinal 
centres.  The  cerebrum.,  also,  partly  by  the  production  of  perceptions,  and  partly 
as  the  organ  of  volition,  can  excite  or  suppress  the  action  of  certain  of  these  sub* 
ordinate  spinal  centres.     [For  the  significance  of  term  "  Centre,"  see  p.  653.] 

I.  The  cilio-spinal  centre  {Bu^ge)  connected  with  the  dilatation  of  the 
pupil  lies  in  the  lower  cervical  part  of  the  cord,  and  extends  tJownward  to  the 
region  uf  the  first  to  the  third  dorsal  vertebra.  It  is  excited  by  diminution  of 
light;  both  pupils  always  react  simultaneously,  when  om  retina  is  shaded.  Uni- 
lateral extirpation  of  this  part  of  the  spinal  cord  causes  contraction  of  the  jnipil 
on  the  same  side.  The  motor  fibres  pass  out  by  the  anterior  roots  of  the  two  lower 
cen'ical  and  two  upi>er  dorsal  nerves,  into  the  cervical  sympathetic  (§  392).  Even 
the  idea  of  darkness  may  sometimes,  though  rarely,  cause  dilatation  of  the  papiJ 
{Suifge). 

In  i^ools  and  cats  this  centre,  even  after  being  separated  from  the  medulla  oblongata,  oan  be  ca- 
ciied  directly  by  dyspncric  blood,  arul  also  renexly  by  the  ttimulstioo  of  sentoiT  iwrnt,  f./.,  iW 
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median,  especially  when  the  reflex  excitability  of  the  cord  is  increased  by  the  actioD  of  strychnin  or 
ntropm  {Lu^Asin^'^r).     For  the  liilaior  centre  in  the  medulla  oblongata  sec  ^  367,  8. 

I  2.  The  ano-spinal  centre  {Btnige)  or  centre  controlling  the  act  of  defaeca- 
tion.  The  afferent  nerves  lie  in  the  ha;morrhoidal  and  inferior  mesenteric 
plexuses,  the  centre  at  the  5th  (dog)  or  6ih  to  7th  (rabbit)  lumbar  vertebra;  the 
efferent  fibres  arise  from  the  pudendal  plexus  and  pass  to  the  sphincter  muscles. 
For  the  relation  of  this  centre  to  the  cerebrum  see  §  160.  After  section  of  the 
spinal  cord  [in  dogs],  Goltz  observed  that  the  sphincter  contracted  rhythmically 
upon  the  finger  introduced  into  the  anus;  the  coordinated  activity  of  the  centre 
therefore  would  seem  to  be  possible  only  when  the  centre  remains  in  connection 
with  the  brain. 

3.  The  vesicO'Spinal  centre  (Budgg)  for  regulating  micturition,  or  Budge's 
vesicospinal  centre.  The  centre  for  the  sphhuttr  muscle  lies  at  the  5th  (dog)  or 
the  7th  (rabbit)  lumbar  vertebra,  and  that  for  the  muscles  of  the  bladder  some- 
what higher.  The  centre  acts  only  in  a  proi^erly  coordinated  way  in  connection 
with  the  brain  (§  280). 

4.  The  erection  centre  (§  436)  also  lies  in  the  lumbar  region.  The  afferent 
nerves  are  the  sensory  nerves  of  the  penis  ;  the  efferent  nerves  for  the  deep  artery 
of  the  penis  are  the  vaso-dilator  nerves,  arising  from  the  ist  to  3d  sacral  nerves, 
or  Eckhard's  nervi  erigentes — while  the  motor  nerves  for  the  ischio-cavemosus 
and  deep  transverse  perineal  muscles  arise  from  the  3d  to  4th  sacral  nerves  (§  356). 
The  latter  may  also  be  excited  voluntarily,  the  former  also  partly  by  the  brain,  by 
directing  the  attention  to  the  sexual  activity.  Kckhard  observed  erection  to  take 
place  after  stimulation  of  the  higher  regions  of  the  spinal  cord,  as  well  as  of  the 
pons  and  crura  cerebri. 

5.  The  ejaculation  centre.  The  afferent  nerve  is  the  dorsal  of  the  penis,  the 
centre  (Budge's  genito-spinal  centre)  lies  at  the  4th  lumbar  vertebra  (rabbit) ;  the 
motor  fibres  of  the  vas  deferens  arise  from  the  4th  and  5th  lumbar  nerves,  which 
pa.ss  into  the  sympathetic,  and  from  thence  to  the  vas  deferens.  The  motor  fibres 
for  the  bulbo-cavernosiis  muscle,  which  ejects  the  semen  from  the  bulb  of  the 
urethra,  lie  in  the  3d  and  4lh  sacral  nerves  (perineal). 

6.  The  parturition  centre  (§  453)  lies  at  the  ist  and  2d  lumbar  vertebra 
{Korner)y  the  afferent  fibres  come  from  the  uterine  plexus,  to  which  also  the 
motor  fibres  ])rocecd.  Goltz  and  Freu.sbcrg  observed  that  a  bitch  became  preg- 
nant after  its  spinal  cord  was  divided  at  the  i5t  lumbar  vertebra. 

7.  Vasomotor  Centres. — Both  vasomotor  and  vaso-dilator  centres  are  dis- 
tributed throughout  the  whole  sjtinal  axis.  To  them  belongs  the  centre  for  the 
spUetiy  which  in  the  dog  is  opposite  the  ist-4th  cervical  vertebrje  {Bu/^ak).  They 
can  be  excited  reflexly,  but  they  are  also  controlled  by  the  dominating  centre  in 
the  medulla  oblongata  (§  371).  Psychical  disturbance  (cerebrum)  influences 
them  (§  377). 

[8.   Perhaps  there  arc  vaso-dilator  centres.] 

9.  The  sweat  centre  is,  perhaps,  distributed  similarly  to  the  vasomotor  centre 

j(§  288). 

The  reflex  movements  diMharfjed  from  these  centres  are  orderly  coSrdinalcd  reflexes,  and  may 
thus  \k  compared  to  the  orderly  reflexes  of  the  tmnk  and  extremities. 

Muscle  Tonus. — ror.ncrly  automntii  fuiicliuiis  were  ascribed  to  the  spinil  cord,  one  of  these 
Iteing  thai  ii  caused  a  niodcraie  active  len^un  of  the  iiiuKici— a  condition  that  was  termed  muMU 
fone^  or  tonus.  The  existence  of  tonus  in  a  striped  muscle  was  thought  to  be  proved  by  the  fact 
that,  when  sach  a  muscle  was  divided,  its  ends  retracted.  This  is  due  merely  to  the  fact  that  all 
the  muKles  are  stretched  slightly  beyond  their  normal  length  (§  joi).  Even  paralyzed  muscles, 
which  have  lost  their  muscular  lone,  show  the  same  phenomenon.  Knrmcrly,  the  stronger  cotitmc. 
lion  of  certain  muulcs,  after  paralysis  of  their  antaguaists,  and  the  retraction  of  the  facial  muscles 
to  the  sound  side,  after  paralysis  of  the  facial  nerve,  were  also  reganled  as  due  to  tonus.  This 
result  is  simply  due  to  the  fact  that,  after  the  activity  of  the  intact  muscles,  the  other  ones  have  not 
sufhcicnt  i)ower  to  restore  the  part$  to  their  normal  median  {Msilion.  The  following  experiment  of 
.^nerliach  and  lleidenhain  is  against  the  aMumpiion  of  a  tonic  contraction :    If  the  muscles  of  the 
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leg  of  a  decapilited  frog  be  slrelched,  it  is   fnond  thai   they  do  noe  eloneale  after  section  of 
sciatic  nerve,  or  after  it  is  paralyzed  In*  touching  it  with  unmonia  or  carbolic  acid. 

Reflex  Tonus. —  If,  however,  a  decapitated  fru^  l>c  !iu$|iended  in  an  atftn'rma/  position,  »t 
observe,  after  section  of  the  *cintic  nerve,  or  the  posterior  nerve  roots  on  one  »ide,  lh«  ihe  leg  oo 
ihat  lide  hangs  Limp,  while  the  leg  nf  the  lound  side  Is  &li)^htly  retracteil.  The  tcnftory  DcrvCa  of 
the  Inner  are  slightly  and  continually  Mimalalcd  by  the  weight  of  the  limb,  so  that  a  ilichi  rdka 
retraction  of  the  leg  takes  place,  which  disappears  as  soon  as  the  sensory  nerves  of  lb*  Icf  b« 
divided.  If  we  chooM  tn  call  this  slight  retraction  tonus,  then  it  is  a  reflex  tonus  (/TrMM^pMtf]. 
(See  the  experiments  of  ifailtu,  C.  Ludwi^,  and  Cyon — \  355.) 

363.  EXCITABILITY  OF  THE  SPINAL  CORD.— Even  at  the  \m- 

ent  lime  observers  are  by  no  means  agreed  whether  the  spinal  cord,  likepcriphcnJ 
nerves,  is  excitable,  or  whether  it  is  distinguished  by  the  remarkable  pcculiariljr 
that  most  of  its  conducting  paths  and  ganglia  do  not  react  to  direct  eleetncat mhA 
mfchanicai  stimuli. 

If  stimuli  be  cautiously  applied  either  to  the  while  or  gray  matter  there  is  neither  movcncnt  nor 
sensation  (  Van  Dftn  {1841),  BrownSfgua.if,  ScArJf,  //Hrzin,^a,  Sirm.  A/a^er).  [n  doing  Chts  «. 
pcriment,  we  must  be  careful  not  to  stimulate  the  rootit  of  the  stptnafnerves,  as  these  respond  si  once 
l»  stimuli,  and  thus  may  give  riiw  to  movements  or  sensations.  As  the  spinal  cord  condaca  to  the 
brain  impulses  communicated  to  it  from  the  Mimulated  po«tcrior  roots,  but  does  not  itself  rapond 
to  ktimufi  which  produce  sensations,  Schitf  has  applied  to  it  the  term  **  leatheaodic."  Furibcr,  « 
the  cord  can  conduct  lH>lh  voluntary  and  reflex  motor  impulses,  without,  however,  itself  bct«( 
affected  by  motor  impulses  applied  to  it  directly,  he  calls  it  "  kinesodic."  Schiff's  views  art  •• 
folio  fra  :— 

1.  Id  the  posterior  columns  the  sensory  root  fibres  of  the  posterior  root 
which  traverse  these  columns  give  rise  to  painful  impressions,  but  the  proper  pathi 
of  the  posterior  columns  themselves  do  not  do  so.  The  proof  that  stimulation  of 
the  posterior  column  produces  sensory  impressions,  he  linds  in  the  fact  that  dila- 
tation of  the  pupil  occurred  with  every  stimulation  (§  392)-  Removal  of  (he  pa»- 
terior  column  produces  anesthesia  (loss  of  tactile  sensation).  Algesia  [or  the 
sensation  of  pain]  remains  intact,  although  at  first  there  may  even  be  hypcralgesii. 

2.  The  anterior  columns  are  non-excitable,  both  for  striped  and  non-striped 
muscle,  as  long  as  the  stimuli  are  applied  only  to  the  proficr  paths  of  thi^  column. 
But  movements  may  follow,  either  when  the  anterior  nerve  roots  arc  stimulated, 
or  when,  by  the  csca[>c  of  the  current,  the  posterior  columns  are  affected,  whereby 
reflex  movements  are  produced. 

According  to  SchifT,  therefore,  all  the  phenomena  of  irritation,  which  occur  whm  act  nninjured 
cordis  stimulated  (spasms,  contracture),  are  caused  either  by  simultaneous  stimulation  of  the  anlc- 
rior  roots,  or  are  redexes  from  the  posterior  columns  alone,  or  Kimuliancnusly  from  the  pnSltnoi 
columns  and  the  posterior  roots.  Diseases  affecting  only  the  anterior  and  lateral  columns  alooc 
never  prinlucc  symptoms  of  irritation,  but  always  of  paralysis  In  complete  aiuvstbesia  and  sptKra 
every  furm  of  stimulus  is  quite  inactive.  According  to  Schiff's  view,  all  centres,  t)olh  spirul  aotl 
cerehrat,  arc  incKcitablc  Ky  artificial  means. 

Direct  Excitability.  — Many  observers,  however,  oppose  these  views,  and  contend  thai  the 
spinal  cord  is  e>(cit<)l>lc  to  direct  sliniulatinn.  Kick  observed  movements  to  lake  place  wl»ca  b« 
•ttimutated  the  white  columns  of  the  cord  of  a  frog,  isolated  for  a  long  distance  so  as  to  aroid  ibt 
escape  of  the  stimulating  currents.  Bicdermann  comes  to  the  following  conclusions:  the  trwtaverse 
section  of  a  motor  nerve  is  most  evciiable.  Weak  stimuli  (descending  opening  ^hr>ek^)  excite  ih* 
cut  surface  of  the  transversely  divirled  spinal  cord,  but  do  not  act  when  applied  further  down. 
Luchsingcr  a\«rts  thit,  after  dipping  the  anterior  part  of  a  beheaded  snake  into  warm  water,  the 
reflex  irtfivements  of  the  upper  pan  of  the  cord  are  abolished,  while  the  direct  excitabihiy  nauuaa. 

3.  Excitability  of   the    Vasomotors. — The   vaso-constrictor   nerves. 

which  proceed  from  the  vasomotor  centre  and  run  downward  in  the  [lateral 
columns  of  the]  cord,  are  excitable  by  all  stimuli  along  their  whole  course ;  direct 
stimulation  of  any  transverse  section  of  the  cord  constricts  all  the  blood  vessels 
below  the  point  of  section  {C.Ludwig and  Thiry),  In  the  same  way.  the  6bTrs 
which  ascend  in  the  cord,  and  increase  the  action  of  the  vasomotor  centre — 
/^rfssor /litres,  2.re  a\so excitable  (C.Luifw/g am/  D/f/mar^^  364,  lo).  Stimulation 
of  these  6bres,  although  it  affects  the  vasomotor  centre  reflexly,  does  not  cause 
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sensation.     Schiff  maintains,  however,  that  these  are  not  the  direct  results  of 
stimulation. 

4.  Chemical  Stimuli,  such  as  the  application  of  common  salt,  or  wetting 
the  cut  surface  with  blood,  appear  to  excite  the  spinal  cord. 

5.  The  motor  centres  are  directly  excited  by  blood  heated  above  40°  C, 
or  by  asphyxiated  blood,  or  by  sudden  and  complete  anemia  of  the  cord  pro- 
duced by  ligature  of  the  aorta  {Sigm.  Mayer) ;  and  also  by  certain  poisons — 
picrotoxin,  nicotin  and  compounds  of  barium  {Lucksinger). 

Action  of  Blood  and  Poisons. — In  expcrimcnii  of  this  kind  the  spinal  cord  ought  to  be 
divided  at  the  tirM  lumtiar  vertebra  at  least  twenty  hours  Ijcfore  the  experiment  is  begun.  It  is 
well  to  divitie  Ihc  posterior  rools  l>eforeh»nd  to  avoid  reflex  movements.  If,  in  a  cat  thus  operated 
on,  dyxpnan  he  prt'wiuccd,  or  it*  f'hoii  m>*rhtiite<i,  then  sffusms,  contraction  of  the  vessfltanj  tetiri- 
twn  of  sr/vat  occur  In  the  hind  limhs,  together  with  evacuation  of  Ihe  contents  of  the  hUiidtr  and 
rtcttim,  while  there  arc  movements  of  ilie  uterus  and  the  z'os  deferens.  55omc  poisons  act  in  a 
similar  manner.  In  animols  with  ihc  medulla  crf>longain  divided,  rhythmical  respiratory  movements 
may  he  producd  if  ihc  spinal  cord  has  been  previously  rendered  very  sensitive  by  strychnin  or 
overheated  blotxi  {P.  v.  Hokilansky^  v.  Schroff^\  Z^"^)- 

H3rperscsthesia. — After  unilateral  section  of  the  cord,  or  even  only  of  the 
posterior  or  lateral  columns,  there  is  hyperesthesia  on  the  same  side  below  the 
point  of  section  {Fodera  ii82j\  and  others),  so  that  rabbits  shriek  on  the  slightest 
touch.  The  phenomenon  may  last  for  three  weeks,  and  then  give  place  to  normal 
or  sub-normal  excitability.  On  the  sound  side  the  sensibility  remains  perma- 
nently diminished.  A  similar  result  has  been  observed  in  cases  of  injury  in  man. 
An  analoL'oiis  phenomenon,  or  a  tendency  to  contraction  in  the  muscles  below  the 
section  (Hyperkinesia),  has  been  observed  by  Brown- Sequard  after  section  of 
the  anterior  columns. 

364.  THE  CONDUCTING  PATHS  IN  THE  SPINAL  CORD.— 
[Posterior  Root. — Tlie  fibres  of  the  posterior  root  enter  the  cord  in  three 
bundles  (a)  the  inner  one,  or  internal  radicular  fasciculus  sweeps  through 
the  postero-external  column  to  enter  the  gray  matter.  It  is  supposed  to  convey 
the  impressions  from  tendons  and  those  for  touch  and  locality.  Hence,  when 
this  column  is  diseased,  as  in  locomotor  ataxia,  the  deep  reflexes,  especially  the 
patellar  tendon  reflex,  are  enfeebled,  or  it  may  be  abolished,  while  the  implica- 
tion of  the  fibres  of  the  internal  fasciculus  gives  rise  to  severe  pain,  {d)  The 
outer  radicular  fibres  enter  the  gray  matter  of  the  posterior  horn,  and  arc  sup- 
posed to  cimvey  the  impressions  for  cutaneous  reflexes  and  temperature,  (c)  The 
central  fibres  pass  directly  into  the  gray  matter,  and  are  supposed  to  conduct 
painful  impressions  into  the  gray  matter] 

I.  Localized  tactile  sensations  (temperature,  pressure  and  the  muscular 
sense  impressions)  arc  conducted  upward  through  the  posterior  roots  to  the 
ganglia  of  the  jxjsterior  cornu,  and,  lastly,  into  the  posterior  column  of  the  same 
side. 

In  man  the  ctndiictinc  path  from  ihe  legs  runs  in  Goll's  colamn,  while  those  for  the  arms  run  in 
the  gn>und  bundle  (Fig.  403)  ifltchugS. 

In  rabbits  the  path  of  localised  uclile  impressions  lies  in  the  lower  dorsal  region  in  (he  lateral 
colomns  (  Awi/wV^'  anti  tVt^roicAiiofft  Ott  and  Mtadt'Smitk). 

AnaeathcBia. — 5^ection  ofindividaa]  parts  of  the  lateral  columns  abolishes  ihe  sensibility  for  the 
parts  of  the  skin  connected  with  the  part  destroyed,  while  total  section  produces  the  .same  result 
for  the  whole  of  the  nppojjte  -lide  of  the  Ixxly  below  the  section.  The  condition  where  tactile  and 
muscular  »nslbiliiy  is  tost  in  known  as  anaiihesia. 

3.  Localized  voluntary  movements  in  man  are  conducted  on  the  same 
side  through  the  anterior  and  lateral  columns  {%%  358  and  365),  in  the  parts  known 
as  the  pyramidal  tracts.  The  impulses  then  pass  into  the  cells  of  the  anterior 
cornu,  and  thence  to  the  corresponding  anterior  nerve  roots  to  the  muscles.  The 
exact  section  experiments  of  Ludwig  and  Woroschiloff  showed  that,  in  the  lower 
dorsal  region  of  the  rabbit,  these  paths  were  confined   to  the  lateral  columns. 
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Every  motor  nerve  fibre  is  connected  with  a  nerve  cell  in  the  anterior  horn  of  the 
frog's  spinal  cojd  {Gau/^  am/  Birgf).  Section  of  one  lateral  cu^lumn  abt^ilhci 
rWwff/din' movement  in  the  corresponding  individual  muscles  below  the  point  of 
MTction.  It  is  obvious,  from  the  conduction  in  i  and  2,  that  the  lateral  colonn 
must  increase  in  thickness  and  number  of  fibres  from  below  upward  i^StiiSitg, 
Woroschiloff )  [see  Fig.  397]. 

3.  Tactile  {extensive  and  coordinated)  Reflexes. — The  fibres  enter  by  the 
posterior  root,  and  proceed  to  the  |x)sierior  comu.  The  groups  of  ganglionic  ccili, 
which  control  the  coSrdinated  reflexes,  are  connected  together  by  fibres  which  ran 
in  the  anterior  tracts,  the  anterior  ground  bundle  and  (?)  the  direct  cerebellar 
tracts  (p.  65p).  The  fibres  for  the  muscles  which  are  contracted  pass  from  the 
motor  ganglia  outward  through  the  anterior  roots. 

in  ataxic  tabes  dorsalia,  or  locomotor  ataxia,  there  U  a  dq^enefation  of  the  p«>4te>ior  rotumn, 
chRracterized  by  a  iKculiar  motor  distarbuicc.  The  voluntary  movements  can  be  executed  with  fuSj 
and  normal  vigor,  uut  the  tiner  harmonioui  idjusUncnts  arc  wanting  or  impaired,  tiotfa  in  inlei 
and  eitenl.  These  depend  in  pan  u|ion  the  norma)  extMence  of  tactile  and  muwnlsr  im| 
whose  channels  lie  in  ihe  posterior  columns.  After  de|;encnition  of  the  latter,  there  is  not  onlf ' 
anirstbesia,  but  alw  a  dluurbance  in  the  dischartje  of  tactile  refltxcs,  for  which  the  centripetal  an;  it 
intemipted.  Hut  a  simultaneous  lesion  of  the  sensory  nerves  alone  may  in  a  similar  matter  maieiv 
ally  influence  the  harmony  of  the  tnovemcnls,  owing  lo  Ihe  analgesia  and  the  disappearance  <tf  ihei 
{tathic  rcflehcs  \\  355).  As  the  fibres  of  the  posterior  root  traverse  the  white  posterior  coUj 
we  can  account  for  the  disturbance*,  of  sens.111011  which  characteriie  the  degenerations  of  these 
( Charcot  ami  Pitrref).  But  even  the  posterior  roots  themselves  may  undergo  dc);encratioa, 
this  may  alsu  give  rise  to  disturtiancc!  of  sensation  (p.  648}.  The  sensory  disturbances  u\ually  cms* 
sisi  in  an  abnormal  Increase  of  the  tactile  or  painful  sensations,  with  lightning  pains  shooting  daw 
the  limbs,  .and  this  condition  may  lead  on  to  one  where  the  tactile  and  painful  scnsalioiu  are  abol- 
ished. Al  the  same  time,  owing  to  stimulation  of  the  ixislerior  column«,  Ihe  tactile  sensibility  is 
altered,  giving  ri<ie  (o  the  sensation  of  formication,  or  a  feeling  of  constriction  [**pnllc  senaa- 
tion"].  The  conduction  of  sensory  impressions  is  often  ilow^ti  (|  3J7)-  The  scnatbiliiy  o(  the 
muscles,  joints,  and  inlernal  parts  Is  aliered. 

The  maintenance  of  the  equilibrium  is  largely  guided  by  the  impulses  which  inrcl  Uiwd 
lo  the  coordinating  centres  through  the  sensory  nerves,  special  and  general,  deep  and  sDpclAeiftL 
In  many  cases  of  locomotor  ataxia,  if  the  patient  place  his  feet  close  together  and  close  his  eyo,  h* 
sways  from  side  lo  side  and  may  fall  over,  because  by  culling  off  the  guiding  sensations  oUikwd 
through  the  optic  nerve,  the  other  enfeebled  impulses  obtained  from  the  skin  and  the  deeper  strvX* 
ures  are  too  feeble  to  excite  proper  codrdlnatiuu. 

4.  The  inhibition  of  tactile  reflexes  occurs  through  the  anterior  columns ; 
the  impulses  pass  from  the  anterior  column  at  the  corresponding  level  into  the 
gray  matter,  where  they  form  connections  with  the  reflex  conducting  apparattu. 

5.  The  conduction  of  painful  impressions  occurs  through  (he  posterior  roots, 
and  thence  through  the  whole  of  the  gray  matter.  There  is  a  partial  decussation 
of  these  impulses  in  the  cord,  the  conducting  fibres  passing  from  one  side  to  the 
other.     The  further  course  of  these  fibres  to  the  brain  is  given  in  §  365. 

The  experiments  of  Wetas  oa  dogs,  by  dividing  the  lateral  column  al  the  limit  of  the  dorsal  atid 
lumbar  regions,  showed  that  each  Taleril  column  contains  sensory  tibres  for  butk  sides.  The  chief 
mass  of  the  motor  fibres  remains  on  the  /time  side.  Section  of  hoih  lateral  columns  aLoluhu 
completely  sensibility  and  mubdity  on  both  sides.  The  anterior  columns  and  the  gray  matter  arc 
not  suflicteiii  to  malnUiin  these.  If  all  the  gray  matter  be  divided,  except  a  small  connecting  por- 
tion, this  is  sufficient  to  conduct  painful  impressions.  In  this  case. however,  the  condnatoa  is  xttnoff 
iSfkiff).  Unly  when  the  gray  matter  is  completely  divided  is  the  conduction  of  painful  impreaaiuns 
from  below  completely  interrupted.  Tins  gives  nse  to  the  condition  of  analgeai*.  in  which,  wbca 
the  posterior  columns  arc  still  intact,  tactile  impressions  are  still  conducted.  This  condition  is  aoae- 
times  observed  in  man  during  incomplete  narcosis  from  chlorofomi  and  morphia  (  Tkif^jck).  Those 
{toisons  ad  .sooner  on  the  nerves  which  administer  to  painful  sensations  than  on  those  for  turtile  im- 
pressions, so  that  the  ycmcm  oficraied  on  is  cunscinus  of  the  contact  of  a  kmfe,  but  iiot  of  the  p«ta> 
ful  sensations  caused  by  ilie  knife  dividing  the  pails. 

Irradiation  of  Pain. — As  painful  imnressioiu  are  conducted  by  the  whole  of  Ihe  gray  mado, 
and  as  the  impressions  are  more  p  jMcrful  the  stronger  the  painful  impression,  we  may  thus  esplain 
the  10  called  irradiation  of  {>ainful  impressions.     During  violent  pain,  the  |iain  seems  10  eutwl 
wide  areas  ;  thus,  in  violciu  toothache,  proceeding  from  a  parucuhur  tooth,  tJte  pain  sujr  be  ftk 
the  whole  jaw,  or  it  may  be  over  one  aide  ol  the  head. 


I- 


CONDUCTION    IN   THE   SPINAL  CORD. 


673 


• 


I 


6.  The  conduction  of  spasmodic,  involuntary,  incoordinated  movements 
takes  place  through  the  gray  matter,  and  from  the  latter  through  the  anterior 
roots. 

It  occDrs  in  epilepsy,  in  poisoning  with  Arychnin,  in  unemic  poisoning,  and  tetanus  ({  360,  II). 
The  anxmic  aad  dyspnccic  spasmic  are  excited  in  and  conducted  from  the  medulla  oblongata,  and 
are  communicated  through  the  whole  of  the  gray  matter. 

I  7.  The  conduction  of  extensive  reflex  spasms  takes  place  from  the  posterior 
roots,  perhai>s,  to  the  cells  of  ihc  posterior  cornu  and  then  to  the  cells  of  the 
anterior  cornu,  above  and  below  the  plane  of  the  entering  impulse  (Fig.  407), 
and,  lastly,  into  the  anterior  roots,  under  the  conditions  iUready  referred  to  in 
i  360.  II. 

8.  The  inhibition  of  pathic  reflejces  occurs  through  the  anterior  columns 
downward,  and  then  into  the  gray  matter  to  the  connecting  channels  of  the  reflex 
organ,  into  which  it  introduces  resistance. 

9.  The  vasomotor  fibres  run  in  the  lateral  columns  (Ditimar),  and,  after 
they  have  passed  into  the  ganglia  of  the  gray  matter  at  the  corresponding  level, 
they  leave  the  spinal  cord  by  the  anterior  roots.  They  reach  the  muscles  of 
the  blood  vessels  either  through  the  paths  of  the  spinal  nerves,  or  they  pass 
through  the  rami  communicantes  into  the  sympathetic,  and  thence  into  the 
visceral  plexuses  (§  356). 

Setfwn  of  the  s^iinn]  cord  paralyses  all  Ihr  vavimotor  nerves  below  the  point  oF  section;  while 
stimuiatiou  of  the  [>enpheral  en<l  of  the  spinal  cord  causes  contraction  of  all  these  vesiels.  [Ott's 
expcrimenift  on  cais  show  that  ibc  vasomotor  fibres  run  ia  the  lateral  columns,  and  that  they  as  well 
as  the  sudorific  nerves  decussate  in  the  cord.] 

10.  Pressor  fibres  enter  through  the  posterior  roots,  run  upward  to  the  lateral 
olumns,  and  undergo  an  incomplete  decussation  (C  Ludwig  and  AFiescher). 


They  ultimately  terminate  in  the  dominating  vasomotor  centre  in  the  me<lulla  oblongata,  which 
they  excite  reflexly.  Similarly,  defrtssor  fibres  must  pass  upward  in  the  i^pinal  cord,  but  wc  know 
nothing  OS  to  their  course. 

II.  From»the  respiratory  centre  in  the  medulla  oblongata,  ri*j//>a/i7ry«r/T'« 
run  downward  in  the  lateral  columns  on  the  same  side,  and  without  formmg  any 
connections  with  the  ganglia  of  the  anterior  cornu  (?j,  pass  through  the  anterior 
roots  into  the  motor  nerves  of  the  respiratory  muscles  {Schiff). 

Unilateral,  or  total  destruction  of  the  spinal  cord,  the  higher  up  it  is  done,  acconJint;ly  paralyzes 
more  and  more  of  the  respiratory  nerves,  on  the  same  or  on  both  sides.  .Section  of  the  cord  above 
the  origin  of  the  phrenic  nerves  causes  death,  owing  to  the  paralyiiis  of  these  nerves  of  the  diaphragm 

(8  "3). 

In  pathological  cases,  in  d^encration  nf.  or  direct  injury  to,  the  spinal  cord  or  its  individual 
parts,  wc  niuiil  Ik:  careful  to  observe  whether  there  may  ucH  be  present  siumllaneouftly  paralytic  and 
irritative  phenunieiia,  whereby  ihc  symptoms  are  obscured. 

[Complete  transverse  section  of  the  cord  results  immediately  in  com- 
plete paralysis  of  motion  and  sensation  in  all  the  parts  supplied  by  nerves  below 
the  scat  of  the  injury,  although  the  muscles  below  the  injury  retain  their  normal 
trophic  and  electrical  conditions.  There  is  a  narrow  hyperxsthetic  area  at  the 
upper  limit  of  the  paralyzed  area,  and  when  this  occurs  in  the  dorsal  region,  it 
gives  rise  to  the  feeling  of  a  belt  tightly  drawn  round  the  waist,  or  the  "girdle 
sensation."  There  is,  also,  vasomotor  paraly.sis  below  the  lesion,  hut  the  blood 
vessels  soon  regain  their  tone  owing  lo  the  subsidiary  vasomotor  centres  in  the 
cord.  The  remote  effects  come  on  much  later,  and  are  secondary  descending 
degeneration  in  the  rrossed  and  direct  pyramidal  tracts  and  ascending  degenera- 
tion in  the  poslero-internal  columns  (Fig.  404).  According  lo  the  seat  of  the 
lesion,  the  functions  of  the  bladder  and  rectum  may  be  interfered  with.  Injury 
to  the  upper  cervical  region  sometimes  causes  hyperpyrexia.] 
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[Unilateral  section  results  in  paralysis  of  voluntary  motion  in  the  mincks 

supplied   by  nerves  given  off  below  the  seal  of  the  injury, 
Ktn.  408.  although  the  muscles  do  not  atrophy,  but  when   secondary 

descending  degeneration  occurs  they  become  rigid,  and  ex- 
hibit the  ordinary  signs  of  contracture.  There  is  vasomotor 
paralysis  on  the  same  side,  although  this  passes  ofl*  below  the 
injury,  while  the  ordinary  and  muscular  sensibility  are  dimin- 
ished on  both  sides  (Fig.  408).  There  is  bilateral  an.trsthcsia. 
On  (he  opposite  side  there  is  total  anesthesia  and  analgesia 
below  the  lesion,  but  on  the  same  side  in  the  dorsal  rrgioD 
ihere  is  a  narrow  circular  anesthetic  zone  (Fig-  408,  i*)^  cor- 
responding to  the  sensory  nerve  fibres  destroyed  at  the  level 
of  the  section.  The  sensory  nerves  decussate  shortly  after 
they  enter  the  cord,  hence  the  anxsthesia  on  the  op[Kwite 
side,  but  they  do  not  cross  at  once,  but  run  obliquely  upward 
before  they  enter  the  gray  matter  of  the  opi>osite  side,  so  that 
a  unilateral  section  will  involve  some  fibres  coming  from  the 
same  side,  and  hence  the  slightly  diminished  sensibility  in  a 
circular  area  on  the  same  side.  There  is  a  narrow  hy])enes- 
thetic  area  on  the  same  side  as  (he  lesion,  at  the  upper  limit 
of  paralyzed  cutaneous  area  (Fig.  408,  r),  due,  perhaps,  to 
stimulation  of  the  cut  ends  of  the  sensory  fibres  on  that  side. 
In  man  there  is  hyperesthesia  (to  touch,  tickling,  pain,  heal 
and  cold)  on  the  parts  below  the  lesion  on  the  same  side,  bat 
the  cause  of  this  is  not  known.  The  remote  effects  are  due 
to  the  usual  descending  and  ascending  degeneration  which 
set  in.] 

[In  monkeys,  after  hcmi>iection  of  the  cord  in  the  don&l  region,  iherr 
it  paralysis  of  volunlary  motion  and  reteniion  of  tcnsibility  with  vasocDoior 
paralysis  of  the  iutme  tide,  amt  retention  of  voluntary  mmion  with  ati.tt< 
the«ia  and  analgesia  on  the  oppoule  side.  The  existence  of  hyperrestliesia  on  the  side  of  the  Ir^na 
IK  not  certain  in  these  animals,  Imt  there  m  no  doutit  of  it  in  man.  Ferrier  alio  AikU  \\n  oriposiiioa 
to  Urown-S^quard)  that  the  muftcutar  serue  is  panilyxed  as  well  a*i  all  other  fbnni  of  senMbiIii)i,  on 
the  side  opposite  to  the  lesion,  but  unimpaired  on  ihe  side  of  the  lesion.  The  muscalar  sense,  in 
fact,  is  cniirely  separable  from  the  motor  innervation  of  muscle  {Ffrri^r).  The  power  of  ciapiyiii( 
the  bladder  and  reclvim  was  not  aft'eacd.] 


I  )  leiion  nf 
tiic  Ic/t  half  of  rhc 
tplna]  cord  In  ttie 
dorwil  reifion.  f) 
oblique  Une».  tnoior 
aod  vaiomoior  p«- 
ratytU;  (*.  d)  com- 
pletc  •iuBnthc«i« :  -a, 
•"I  byperK«(hc»ia  of 
ihc  ikia  (Ert). 


THE  BRAIN, 


365.  GENERAL  SCHEMA  OF  THE  BRAIN.— In  an  organ  so  complicated  in  its  struc- 
ture as  the  brain,  it  is  necess.irv  in  have  a  general  view  of  the  chief  arrangements  of  its  individual 
pans.  Meyncrt  gave  a  plan  of  the  general  arrangement  of  this  organ,  and  although  thus  plan  may 
not  be  quite  correct,  still  it  is  useful  tii  the  stu'<y  uf  brain  function 

[A  special  layer  of  gray  matter  of  the  cerebrum  is  placed  externally  and  spread  as  a  thin 
coating  over  the  white  matter,  ur  centrum  ovale,  which  lies  internally,  and  consists  of  nerve  fibres 
or  the  white  matter.  That  jiart  lying  in  eacb  hcraisplicrc  is  tbt  centrum  semi-ovalc.  The  gray 
maner  is  folded  into  gj-ri,  or  convolutions,  separated  from  each  other  by  fiasures,  or  sulci. 
Some  of  the  latter  are  very  marked, and  serve  to  separate  adjacent  lobes,  while  the  lobes  themselves 

Pre,  409. 


DiMeclion  of  the  brain  from  bIkivc,  «hoving  the  lateral,  3d,  and  4th  ventricles,  wilh  the  bual  ijanglia  and  funtMttid- 
jns  pcrtts  a.  kne«  of  ihe  ccrrpn*  rallotiiin ,  A,  anicrlur  pan  of  the  ri^hi  corpus  iiruituni  ;  M,  gray  mailer  disMcied 
on  to  show  while  fibres  :  c,pf>inf<>  lu  UEiiiii  ^einiriTL-ulitrtt :  1/,  i>i)iir  thiilaiiiir> :  ^,  tintcrt'ir  pillun  uf  foniix,  will) 
jth  vemride  in  front  of  them,  between  the  two  Inmine  at  the  Kptum  tucidiim  :  f,  middle  nrtaft  cnrnmissure;  ^, 
jd  ventricle;  k,  »',  corpora  t|u;iilrigcniin3  ;  A,  nuperiur  cerebellar  pwduncle;  /  hippocanipiH  iitajor  ,  m.  pci^lerior 
cornu  uf  Uitcral  ventricle  .  m,  cminenlU  colUteralLs ;  0,  41b  vcnlnde ;  /,  mcduU^  tiblDDKatii :  x,  cercbcUuni,  with 
r,  arltor  vitje. 

we  further  subdivided  by  sulci  into  convolutions.  For  a  description  of  the  lobes,  see  {  375.  Some 
masses  ol  gray  matter  are  disftosed  at  the  base  of  the  brain,  forming  the  corpus  striatum  (pro. 
jecting  into  the  lateral  vemricle^),  which,  in  reality,  is  composed  of  two  parts— the  nucleus  caudatua 
and  lenticular  nucleus  ( Fig.  409, 6) ;  the  optic  thalamus,  which  lies  behind  the  former  and  bounds 
the  id  ventricle  (Hg.  409,  f/) ;  the  corpora  quadrigemina,  lying  on  the  upper  surface  of  the  crura 
cerebri  ( I'ig.  409,  4.j');  and  within  the  tcgmenlitm  nf  the  crura  cerebri  are  the  red  nucleus  and 
locus  niger.  I^astly.  there  is  the  continuation  of  the  gray  matter  of  the  cord  up  through  the 
medulla,  pons,  and  around  the  iter,  forming  the  central  gray  tube  and  terminating  anteriorly  at 
the  tuber  cinereum.     These  various  parts  are  connected  in  a  variety  of  ways  with  each  tAher,  some 
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rse  libres  bUelching  betweco  tlic  two  sides  of  the  bnuD,  while  ofher  ton^iadiul 
under  and  lower  parts  in  relaliuti  with  the  fore  psrU.] 
'cover  of  the  occipiul  iohes,  but  connecietl  with  the  cerefanim  in  front  and  the  sptnal  « 
the  cerebellum,  which  has  its  gray  matter  externally  and  its  white  core  tnienully.  Tfai 
;n  conwitcr  ccrel>ro  spinal  and  cerebello  sptiiat  coiuieciions.] 
lert's  Projection   SyBtems.— The  cortex  of  the  cerebinm  consisa  of  convolul 


Fiii.  4ta 


k 


t.  Scheme  of  the  brain      C,  C.  cortex  cerebri  :  C.  t,  corpus  •irialum     N,  /.  nucteiw  lenticubrM  ;  1 
ftnu«  ;  I',  corpora  quaarigemlna  ;  F,  pedunculi**  cereori ,   H.  i^itrneniuin  ;  and  ^,  cru«u  j  i,  i,  r 
the  corpus  itnaiuin  :  i.i.of  the  lenticuUr  nu4:ku»:  3.3,  of  (he  opiic  ihAUmui;  «.  4,i>(thc  C'>n  . 
5,  itirect  fibre*  t»  ihe  cortex  cerebn  ( W/fAjif) ;  6,  fi.  nhm  from  the  cotpom  .jiiaJHiieniln,.  ■ 
M,  fiinlwr  cour*c  uf  (line  fibrr* ;  0,  8,  fibre*  Inim  the  corpiu  ilruitiitn  am)  IcrtturuUr  nucleii*  > 
pedanculii*  cerebri .    \1,  further  c<ji]r«c  nf  lhe«c  ;   S,  S,  coume  of  ihc  •ouory  lihrv*  :   R,  traiivvm 
Initl  cord :  v,  W,  anieriur,  artj  i,  W,  ptisterior  root* ;   «.  m,  a»ocbilton  *y»ietii  nf  fiLre* ;    ,-, 
rcK.     11,  Tnn*verK  iteLlmn  thruiigh  die  piMlcriar  pair  of  the  corpora  t(iui(ln^minu  mnii   ihe  p 
of  man,—/,  crtutu  of  the  perluncte ;  m,  snbtlantia  nigra  '  v,  corpora  qitadnfeniitu.  with  ■  tecUoa  ' 
III,  The  Mmc  of  the  dug:   I V ,  of  an  ape :  V,  vf  the  (uineA  plf.     [Seep.  675.] 

»u]ct,  the   "peripheral  gray  matter"  (Fig.  410,  C),  which  i%  reciignixcd  as  a  nerj 
from  the  presence  01'  numerous  ganglionic    cells   in   it   (3  358.  1).     From  it   ^•ro< 
fibres  which   arc  excited   by  the  will   and  to  it   proceed  ail   the  fibres  coming   fr 
special  sense  and  sensory  organs,  which  give  rise  to  the  p<iychical  perception  uf  exit 
[In   Fig.  410  the  decu^antion  of  the   wrnviry  tihres  is  represented   af  occurring  m 
oblongata.     It  is  more  pro'jable  that  a  '^rge  number  of  the  scnwry  fibres  dcciu^' 
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ttiey  enter  the  cord,  its  n  repre5cnle<)  in  Mg,  412.  Some  observers  assert  that  some  of  the  sensory 
filwes  dccii^Mle  in  the  nieilulla  olilongala-] 

First  Projection  System. — The  channels  lead  to  and  from  the  cortex  cerebri,  some  of  them 
traversing  the  basal  ganglia,  or  ganglia  nf  the  cerebrum,  the  corpus  slriaium  (C,  j).  composed  of 
(he  caudate  nucleus  and  Icniiculnr  nucleus  {^,  /),  optic  thalamus  |  /',  0}  and  corpora  quadrigemina  ; 
some  fibres  form  connections  with  cells  within  this  central  gray  matter.  Tht  Hbres  which  proceed 
from  the  corlex  through  the  corona  radiata  in  a  radiate  direaion  constitute  Meynert' %  Jint prcjectian 
iyUem.  llesides  thews,  the  while  substance  also  cnntuins  two  other  systcm-s  of  fibres  :  (*i)  Commii- 
sural fih'<f%  such  as  the  corpus  callosum  and  the  anterior  commissure  (r,  c),  which  are  supposed  to 
connect  the  two  hemispheres  with  each  other;  and  {h)  a  connetting  or  asioiiation  system,  whereby 
two  different  area<:  of  the  same  side  are  connected  together  (d,  a).  The  ganglionic  gray  matter  of 
the  basal  ganglia  forms  the  first  stage  in  the  course  of  a  large  number  of  the  fibres.  \VhcD  they 
enter  the  central  gr.iy  m.-iller  they  are  interrtdptui  in  their  course.  According  to  Meyncrt,  the 
corona  radiata  conlatn.s  bundles  of  fibres  from  the  corpus  striatum,  lenticular  nucleus,  optic  thalamus 
and  corpora  quadrigcmina. 

The  second  projection  Bystem  consists  of  longitudinal  bundles  of  fibres,  which  proceed  down- 
ward and  reach  (he  so-called  "  central  pray  tube,"  which  is  the  ganglionic  gray  matter  reaching 
from  the  3d  ventricle  through  the  aqueduct  of  Sylvius  and  the  medulla  oblongata  to  the  lowest  pan 
of  the  (^^y  matter  of  the  spinal  cord.     It  tines  the  inner  surface  of  the  medullary  tube.     It  is  the 

Fig.  411. 


Floor  of  the  fourth  Tcntricic  and  the  connections  of  lite  ccreljclhim.  On  the  left  i>ide  the  three  cerebclUr  peduncle* 
»re  cut  <hori :  on  the  right  the  connenilom  nf  ttic  kunerior  nnij  inreniir  tietluncW  have  been  preserved,  while  th« 
middle  one  ha»  been  cui  ^hiirt.  i ,  median  groove  ef  the  fourth  renlritJe  with  the  fnscicttii  ieretc»  :  3.  the  itriai 
of  the  suditory  nerve  on  each  aide  cmcrjiinK  frum  ii ;  3,  infenor  pctluncle ;  4,  doi tenor  fiynimid  and  clava,  with 
the  ailimuk  ftcfipioriut  nbove  it ,  s,  superior  petlunUe  \  6,  fillet  Iti  the  «ide  of  the  crura  cerebri :  B,  corpora  quad* 
ri|{emiaa. 

second  sta};e  in  the  course  of  the  fibres  extending  from  the  basal  ganglia  lo  tlie  central  tubular  gray 
matter.     The  5bre»  of  this  system  must,  obviously,  vary  greatly  in  length. 

[While  there  are  three  concentric  lubes  in  the  spinal  corrl  f  ^  359).  in  the  part  which  forms  the 
brain  an  extra  layer  of  gray  matter  is  added  —the  peripheral  gray  tube— constituting  the  cortex  of 
the  cerebral  hemispheres  and  cerebellum  and  the  corpora  quadrigennna.  Thus,  the  white  matter 
lies  between  two  concentric  masses  of  gray  matter  {HtU\.\ 

Connections  of  the  Cerebelluni.  —The  cerebellum  consists  of  two  somewhat  flattened  henii- 
■pberea  connected  across  the  middle  line  by  the  middle  lobe  or  vermiform  process,  which  is  the 
fundamental  |x>rtion  of  the  organ,  as  it  is  t>est  developed  in  lower  animaU.  while  bs  yet  the  lateral 
loljes  are  but  small  or  absent,  t.  g.,  in  birds.  The  surface  is  furrowed  by  sold  .<to  as  to  cause  it  to 
resemble  a  series  of  folia,  tealkts  or  laroinic  ;  larger  fissures  divide  it  into  lobes.  Peduncles. — 
The  two  superior peduniUt  connect  it  with  the  cori>ora  quadrigemina  and  the  crura  cerebri.  The 
fibres  come  from  the  lower  part  of  the  cerebellum  and  from  its  dentate  nucleus,  and  the  greater  por. 
lion  of  these  fibres  decussate  in  the  upper  pari  of  the  pons  and  the  tegmentum,  some  of  Ihem  be- 
coming connected  with  tbe  red  nucleus  in  the  tegmentum  of  the  opposite  side.  Some  of  the  fibres 
seem  to  connect  the  cerebellum  with  the  frontal  lobes,  constituting  a  fr onto- cerebellar  tract,  and  they 
are  abu  crossed  {Gounn).  When  the  cerebellum  is  congeiniatly  absent  these  fibres  are  absent 
{Hecki^).     By  the  two  inferior  peduncles  or  restiforra  bodies,  it  is  connected  with  all  the  columns 
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of  the  spinal  cord,  and  il  is  to  l>e  noted  that  some  of  the  6brei  forming  lhe«e  peduncle*  are  Ctm* 
necicd  with  the  olivary  body  of  the  opposite  >rde,  so  tbat  they  decusiate.  Tlic  midJU  pednvcte  n 
furmciJ  by  the  Iransveree  fihrei  of  the  fHins  (hig.  41 1),  Il  is  evident  thai  there  is  a  cereocllo spteal 
as  well  as  cerebro-spinal  connection  lo  tie  conudenrd. 

[The  ^ray  matter  is  external  and  ihe  while  internal,  and  on  Kction  the  foliated  branched  ap> 
pcarancc  or  the  cercl>ellum  conMilutes  ihe  arbcr  %-iUr.  Wiihin  each  bteral  lobe  is  *  folded  maMcl 
yray  matter  like  that  in  the  olivary  l>ody,  called  the  corpus  dentatum,  and  from  its  iiuenor  •Halt 
librcs  proceed.  Stilling  describes  roof  nuclei  in  the  front  part  of  the  middle  lobe.  •»  called  be- 
cause they  lie  in  the  roof  of  the  fourth  ventricle.  As  is  sh->wn  in  Fig.  411,  the  white  fibre*  «f 
the  superior  peduncle  past  to  the  gray  matter  on  Ihe  inferiur  surface  ot  the  crrrlicllum.  while  the 
inferior  peduncular  6bres  pass  lo  the  supciior  surface,  chiefly  of  the  median  part ;  but  bab  are  aid 
to  form  connections  vrith  the  cor{>us  aenlatum ;  the  middle  |>ciliinclc  is  connected  with  ibc  (raj 
matter  of  the  Literal  tolien.     The  rntnuic  Mntcture  it  deticnbcd  in  {  3H0.] 

The  Third  Projection  Systein. — Ijutly,  from  the  central  tubular  gray  matter  there  proceedt 
the  third  system,  or  the  peripheral  nerves,  mmor  and  senM»r\'.  They  are  more  numerous  thait  Ibe 
5bres  of  the  second  system. 

Conduction  to   and    from    Cerebrum— Voluntary    Motor   Fibres. — 
The  course  of  the  fibres  which  convey  impulses  for  voluntary  mution — the  pyra- 
midal  tracts — proceed  from  the  motor  regions  of  the  cerebrum  (§§  375,  378,  I), 
[jassing  into   and  through    the   while   matter   of    the   cerebrum,    and    converge 
to   the  internal  capsule,  which  lies  between  the  nucleus  caudatus  and    optictn 
thalamus   internally   and    the    lenticular    nucleus   externally   (Fig.   439).      [The 
motor  Bbres  for  the  face  and  tongue  occupy  the  knee  of  the  capsule  i  Fj,  those  for 
the  arm  the  anterior  third  of  the  posterior  segment  or  limb  (A>,  and  those  for  the 
leg  the  middle  third  (L).     They  enter  the  cms  and  occupy  its  middle  third,  the 
6bres  for  the  face  being  next  the  middle  line,  and  those  for  the  leg  most  external, 
the  6bres  for  the  arm  lying  between  the  two.     They  pass  into  the  pons,  where  the 
fibres  for  the  face  (and  tongue)  cross  to  the  opposite  side,  to  become   connected 
with  the  nuclei  from  which  the  facial  and  hypoglossal  nerves  arise.    The  fibres  for 
the  arm  and  leg  (and  trunk)  continue  their  course  to  the  medulla  oblongata,  where 
they  form  the  anterior  pyramids.]     By  far  the  greater  jiroportion  of  the  fibre* 
cros.<i  at  the  decu<isatton  of  the  pyramids  to  form  the  crossed  pyramidal  tracts 
or  lateral  pyramidal  tracts  of  the  lateral  column  of  the  opposite  side.     The  stnill 
uncrossed  portion  is  continued  as  the  direct  pyramidal  tract  on  the  same  &idc. 
The  latter  fibres,  perhaps,  supply  those  muscles  of  the  trunk  (V.^.,  respiratory^ 
abdominal,  and  perineal),  which  always  act  together  on  both  sides.     According 
to  other  observers,  however,  they  cross  to  the  other  side  of  the  cord  through  ih^ 
anterior  white  commissure,  and  descend   in  the  crossed  pyramidal  tract  or  pyrm.- 
midal  tract  of  the  lateral  column.     The  fibres  of  the  pyramidal  tracts  form  cor»  — 
nections  with  the  multipolar  ganglionic   cells  of  the  anterior  corn u  of  thegT».^r" 
matter  of  the  spinal  cord  at  successively  lower  levels,  and  from  each  multipolar  ccl  Y 
a  single  unbranched  process  is  directed  peripherally,  which  ultimately  becomes      .^h 
nerve  fibre.     The  pyramidal  tracts  thus  end  in  the  multipolar  nerve  cells  of  the  grsa^^ 
matter  of  the  spinal  cord,  from  which  the  anterior  roots  of  the  spinal  nerves  anscf  « 

[The  course  of  the  pyramidal  tracts  and  the  decussation  of  these  fibres  in  tVi^ 
medulla   oblongata,  explains  why  a  hemorrhage  involving  the  cerebral    mo^or 
centres,  or  alfecting  these  fibres  in  any  part  of  their  course  above  the  decussation  , 
results  in  paralysis  of  the  muscles  supplied  by  the  fibres  so  involved  on  the  <9^M^/>V 
side  of  the  biKly.] 

In  their  passaj;e  through  the  brain,  the  paths  for  direct  motor  impulses  are  not  inlermpted  mmtj^' 
where  in  their  course  by  ganglion  celK,  not  even  in  ihe  corpus  sTrtnium  or  pons,     lliey  pttM  la  m 
direct  uninterrupted  course  [so  that  they  have  the  longest  course  of  any  hbres  in  ihe  ccninJ  mi^wsM 
syMcml. 

Variation  In  Decuftaaxion.— There  are  variations  as  to  the  nomber  of  fibres  which  CRW  b  iW 
pyramids  \FUthiig).     In  some  cases  the  usual  arrangement  is  reversed,  and  in  aomc  rare  iMiaocr* 
iherc  is  no  decussation,  »o  that  the  pyramidal   tracts  from  the  hrain   remain  on  the  same  viJe     la 
this  way  we  rnay  explain  ihe  vcr\'  rare  cases  where  paralysisnf  ihe  inluniary  ratvcnencs  \^t*\i^(i 
on  (he  uitHf  ^)dc  a^  Ihe  !•  sion  of  the  ccrebruni  (.l/trr^d^'Mi,  I'ierrei).     This  ta  dir«et  panijti*^ 
[Usually  alraut  90  per  cent,  of  the  fibres  decusKite.] 
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The  motor  cranial  nerves  have  the  centres  through  which  they  are  excited 
voluntarily  in  the  coriex  cerebri  (§  378).  The  paths  for  such  voluntary  impulses 
also  pass  through  the  internal  capsule  and  the  crustaof  the  cerebral  peduncle.  [In 
the  internal  capsule  the  fibres  for  the  face  (and  tongue)  lie  in  the  knee,  while  they 
occupy  the  part  of  the  middle  of  the  crusta  next  the  middle  line.  Their  course 
is  then  directed  across  the  middle  line  to  their  respective  nuclei,  from  which  fibres 
proceed  to  the  muscles  supplied  by  these  nuclei.]  The  exact  course  of  many  of 
the  fibres  is  still  unknown.  The  hypoglossal  nerve  runs  with  the  pyramidal  tracts, 
and  behaves  like  the  anterior  root  of  a  spinal  nerve  (§§  354,  357). 

[Sensory  Paths. — Our  knowledge  is  by  no  means  precise.  Sensory  impulses, 
passing  into  the  cord,  enter  it  by  the  posterior  nerve  roots,  and  may  pass  to  the 
cerebrum  or  cerebellum.  If  to  the  cerebellum,  the  course  probably  is  partly  to 
the  direct  cerebellar  tract  and  posterior  column  to  the  restiform  body,  thence  to 
the  cerebellum.  If  to  the  cerebrum,  they  cross  the  middle  line  in  the  cord  not 
far  above  where  they  enter  and  pass  to  the  lateral  column,  in  front  of  the  pyra- 
midal tract.  Some  enter  the  posterior  column  and  others  ascend  in  the  gray  matter 
to  pass  upward.  In  the  medulla  it  is  probable  that  those  fibres  which  do  not  de- 
cussate there  do  so  in  the  pons,  the  impulses  perhaps  traveling  upward  in  the 
formatio  reticularis,  thence  into  the  posterior  half  of  the  pons,  into  iht  tegmentum 
of  the  crus  under  the  corpora  quadrigemina,  to  enter  the  posterior  third  of  the 
posterior  limb  of  the  internal  capsule  (Yig-  439,  S).  But,  of  course,  the  sensory 
fibres  from  the  face  have  to  be  connected  with  the  sensory  centres  in  the  cerebrum, 
so  that  the  sensory  paths  from  the  cord,  /'.  ^.,  from  the  trunk  and  limbs  are  joined 
by  those  from  the  face  in  the  pons,  and  they  also  occupy  part  of  the  posterior 
third  of  the  ix>sterior  segment  of  the  internal  capsule,  so  that  this  important  part 
of  the  internal  capsule  conducts  sensory  impulses  from  the  opposite  half  of  the 
body.  Some  of  the  fibres  pass  into  the  optic  thalamus,  and  others  enter  the  white 
matter  of  the  cerebrum,  but  their  exact  course  is  very  uncertain.  The  sensory 
fibres  derived  from  the  organs  of  special  sense,  f.  g.^  the  car,  ^o  lo  the  superior 
lemporo-sphenoidal  convolution,  but  whether  directly  or  indirectly  we  do  not 
know  ;  jjerhaps  some  of  those  for  vision  traverse  the  optic  thalamus.  Some  of  the 
afferent  fibres  perhaps  go  to  the  occipital  region,  and  Gowers  asserts  that  some  of 
them  go  to  the  parietal  and  central  regions,  ».  e.,  to  the  **  motor"  regions,  for 
he  holds  "  that  disease  of  the  motor  cortex  often  causes  impairment  of  the  tactile 
sensibility.*'] 

[Charcot  has  called  the  posterior  third  of  the  posterior  segment  of  the  internal 
capsule,  lying  between  the  posterior  part  of  the  lenticular  nucleus  and  the  optic 
thalamus,  the  •*  Carrefour  Sensiiiv  "  or  *'  Sensory  Crosaway  "  (Fig.  439,  S). 
If  it  be  divided,  there  is  hemianaesthesia  of  the  opposite  side.] 

Sensory  Decussation  in  Cord. — As  the  greater  part  of  the  sensory  fibres 
from  the  skin  decussate  in  the  spinai  cord,  and  thus  pass  to  the  opposite  side  of 
the  cord  (Fig.  412.),  unilateral  section  of  the  spinal  cord  in  man  (and  monkey — 
Ferrier)  abolishes  sensibility  on  the  opposite  side  below  the  lesion.  There  is 
hyijenesthesia  of  the  parts  below  the  seat  of  the  section  on  the  side  of  the  injury 
(§  363)-  From  experiments  on  mammals,  Brown-S^quard  concludes  that  the  de- 
cussatuig  sensory  nerve  fibres  pass  to  the  opposite  side  within  the  cord  at  different 
levels,  the  lowest  being  the  fibres  for  touchy  then  those  for  tickling  and  pain,  and. 
highest  of  all,  those  which  administer  to  sensations  of  temperature. 

All  the  fibres,  therefore,  which  connect  the  spinal  cord  with  the  gray  matter  of 
the  brain,  undergo  a  complete  decussation  in  their  course.  Hence,  in  man  a  de- 
structive affection  of  one  hemisphere  usually  causes  complete  motor  paralysis  and 
loss  of  sensibility  on  the  opposite  side  of  the  body.  The  fibres  proceeding  from 
the  nuclei  of  origin  of  the  cranial  nerves  also  cross  within  the  cranium. 

Nol  unfrerjuently  the  motor  paralysis  and  arptsthcMa  occar  on  the  samt  side  of  the  head,  in  which 
case  the  lesion  (due  to  pressure  or  inflammaiiun;  involves  the  cranial  nerves  lying  at  the  base  of  the 
brain. 
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Alternate  Paralyaia.— Gublcr  observed  tfaat  unilatenl  injury  to  the  pons  caused  panlyvis  of  the 
facia]  nerve  on  the  same  side,  but  paralysis  of  the  opposite  half  of  the  body.  He  cunduded  thai 
the  nerves  of  the  trunk  decussate  bej'ort  they  reach  the  pons,  while  the  facial  ^lires  decussate  within 
the  poni.  To  these  rare  cases  the  name  "  alternate  hemiple^a  "  is  given.  [When  hcmorrha^ 
takes  place  into  the  Imoer  part  of  the  lateral  half  of  the  puns,  there  may  be  alternate  paralysis,  but 
when  the  upptr  pan  of  the  lateral  half  is  injured,  the  facial  is  paralyzed  on  the  same  side  as  the 

*»«'>■.  4  379] 

The  olfactory  nerve  is  said  not  to  decussate  (?)  while  the  optic  nerve  undergoes  a  paitbl  decus. 
sation  at  the  chiosma  {\  344).  Some  observers  assert  that  the  tibres  of  the  trochleans  decussate  at 
their  origin. 

366.  THE  MEDULLA  OBLONGATA.— [Structure.— In  the  medalla  oblongata  the 
fibres  from  the  conl  are  rearranf^ctl,  the  gr.iy  mntlcr  is  al»n  mach  changed,  white  new  gray  matter 
is  added.  Each  half  of  the  medulla  oblongata  consists  of  the  following  parts  from  before  back- 
wards :  The  anterior  pyramid,  olivary  body,  reBtiform  body,  and  posterior  pyramid,  or 
funiculus  gracilis  (Figs.  413,  414,  415).  %  the  divergence  of  the  posterior  pyramids  and  the  recti- 
form  bodies,  the  Hoor  of  the  4th  ventricle  is  exprjscd.     As  the  central  canal  of  the  cord  gmdually 


Section  ol  the  decui.«a(inn  of  the  pyrainids.  ^.anterior  median  fi<sor«,  disotAced  kilerally  by  the  fibre*  dectusatitif 
stii;  f-'.  anterior  column:  Ctf.  nnterinr  cvmu,  with  ju  nerve  ccIU,  a,  A  ic,  central  canji:  f,  lateral  column, 
/r,  CarrnatiO'  reuculxnt ,  ct,  neck,  and  g,  head  ot  the  powenor  cornu  :  rfiCt,  poctenor  root  ol  the  i«t  ccrvJcal 
Derve  .  m.  fir»i  irtiJicailon  >»\  llic  nuclciit  of  the  funkiiiu*  cuncalu^  ;  ng,  niiclcu*  (clava)  of  the  funicultn  gracilis ; 
ff^,  funictUuk  gracilis :  //*,  funicuUu  cuncattis ;  1//,  poiterior  median  fiuure  ;  x,  groupi  of  ganglionic  eelh  la 
the  base  of  the  potterlor  comu.    X  6.  * 

comes  nearer  to  the  [>oslcrior  surface  of  the  medulla  it  opens  into  the  4th  ventricle.  At  the  lower 
end  of  the  medulla  oblongata,  on  separating  the  anterior  pyramids,  we  may  see  the  decusaatioo 
of  the  pyramids  where  the  fibres  cross  over  to  the  lateral  columns  of  the  cord.  The  anterior 
pyramid  receives  the  direct  pyramidal  tract  of  the  anterior  colnmn  of  the  cord  from  its  own  side, 
and  the  crossed  pyramidal  tract  from  the  lateral  column  of  the  cord  of  the  up]x>sitc  side  (Fig.  413). 
7*lie  decus&niing  tibres  (crossed  pyramidal  tract)  of  the  lateral  column  pass  across  in  bundles  to 
form  the  decussation  of  the  pymmiHs.  Most  of  the  pyramidal  fibres  pass  through  the  pons  directly 
to  the  cerebrum,  a  few  fibres  pass  to  the  cerebellum,  while  some  join  6bre5  proceeding  from  the 
olivary  body  to  form  the  olivary  fasciculus  or  ttltet.} 

[Thus  only  a  pan  of  the  anterior  column  ol  the  cord— direct  pyramidal  tract — is  continued  into 
the  anterior  pyramid,  where  il  lies  external  to  the  fibres  which  pass  to  ihc  lateral  column  of  the 
opposite  side.  The  remainder  of  the  anterior  column — the  anteroextcnial  tibres— are  continued 
upward,  but  lie  deeper  under  cover  of  the  anterior  pyramid,  where  they  serve  to  form  part  of  the 

^Ibrmatio  reticularis  (p.  682).] 

^^L  [Of  the  fibres  of  the  lattrai  (olumn  of  the  cord,  some,  the  direct  €treheUar  tract,  pass  backward 
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to  join  th«  reMiform  bodjr  and  go  to  the  cerebellum.  These  Bbrei  lie  u  a  thio  Ujrer  no  the  miut 
nf  the  rcslifonu  btidy.  The  froaed pyramidal  fibres  cross  obliquely  at  the  lower  cm)  of  the  ttcMk 
to  the  onierior  pyramid  uf  the  opposite  side,  and  in  (heir  course  they  traverse  the  gny  mMtW 
the  Bnterior  comu  (l*"ig.  ^ix^p y).  These  fibrei  form  the  larger  and  mesial  portion  5r  the  utenor 
pyramid.  The  rcmaininK  nbrcs  of  the  lateral  columns  arc  continued  upward,  and  pass  bcnaUi 
the  olivary  body,  where  they  are  concealed  by  this  structure  and  also  by  the  arcuate  fibres,  but  tW^ 
appear  in  the  Hoor  of  the  medulla  ohlongatn  anti  are  called /<i/c-/rv/tfj  tera^  which  goes  to  the  crre 
brum.     As  they  pa>s  upward  they  help  to  form  the  lateral  part  of  the  forraatio  reticularia.] 

[The  posterior  pyramid  of  the  oblon^ta  is  merely  the  upward  continuation  of  the  poMtnr 
median  column,  or  hinlculus  graciltis  of  the  cord.  As  it  pasaet  upward  at  the  medulla  it  hfOtdcai 
out,  forming  the  clava,  which  tapers  away  above.  The  clava  contains  a  mas*  of  gray  mailer— 4)k 
clnvate  nucleus.] 

[The  restiform  body  consists  chiefly  of  the  upward  continuation  of  ihe  poet  em-external  entoms 
nr  funiculus  cuneatus  of  the  cord.  It  contains  a  moss  of  gray  matter,  called  the  cuncatc  f^r  tri- 
angular nucleus.  Above  the  level  of  the  clnva  the  funiculus  cuneatus  forms  |Mirt  of  the  iMml 
bound.-try  of  the  4th  ventricle,  Immetliately  uutside  this,  i.e.,  between  it  And  the  contimiaUiM  o^ 
the  posterior  nerve  roots,  is  a  longitudinal  prominence,  which  Schwalbe  has  called  the  futdcuhtl 
of  Rolando.  It  is  formed  by  the  head  of  the  posterior  comu  of  gray  msltcr  ccininp  nrarrr  tie 
surface.  It  also  forms  pan  of  the  restiform  tiotiy.  Some  arwva/e  fibres  i^sne  from  the  anterior 
median  fissure,  turn  transversely  outward  over  the  anterior  pyramids  and  oUvmry  Ixxly,  and  pais 
along  with  the  funiculus  cuneatus.  the  funiculus  of  Rolando,  and  the  direct  cereldlxr  6br^  to 
enter  the  corretpondmg  lateral  lobe  of  the  cerebellum,  all  these  structures  fonning  its  ioierur 
peduncle.  Some  obacrven  suggest  that  the  funiculus  cuneatus  and  funiculus  nf  Kolaiulo  do  rkot  paM 
into  the  cerebellum. 1 

[Hie  olivary  body  forms  a  wetl-marketl  oval  or  oHve-shaped  body,  which  docs  not  exiciwl  Uw 
whole  length  of  the  medulla  (Fig.  415.  0).  Above,  it  is  separated  from  the  pons  by  a  gn>oTe  fnai 
which  the  6th  nerve  emerges.  In  the  groove  l>etween  it  and  the  anterior  pyramid  ari«e  the  Mnuidi 
of  the  hypoglossal  nerve,  while  in  a  con esjJon ding  groove  along  its  outer  surface  is  the  line  o'  cnt 
of  the  vagus,  glns-'o  pharyogeal.  and  spinal  accessory  nerves.  It  is  covered  on  its  suKace  by  loofi- 
tudinal  and  arcuate  fibres,  while  in  iu  interior  it  contains  the  dentate  nucleus.] 

[The  functions  of  the  olivary  bodies  arc  quite  unknown,  but  it  is  important  to  remember  tfau 
they  are  connected  by  tibrcs  with  the  dentate  nuclei  of  the  ccrcl>cllum.  Fibres  pass  into  the  o]i«in 
body  from  the  posterior  column  of  the  cord  of  the  op|>nsiie  side,  and  it  is  also  connectett  with  tSc 
dentate  body  of  the  opposite  i>idc,  while,  as  wc  know,  the  dentate  body  is  connected  with  the  tcr 
mentnm,  so  that  through  the  left  dentate  body  of  ihe  op)Mj«tte  Mde  the  tegmentum  of  uy  tbe  nfai 
ctUB  is  connccteii  with  the  right  olivary  tiody  ( (Jinwrj).] 

[Decussation  of  tbe  Pyramids  is  the  (eim  given  to  those  fibres  which  cross  ol^litqiiely  in 
several  bundles  at  the  lower  part  of  the  medulla  from  the  anterior  p)Tamid  of  the  medulla  into  the 
lateral  column  of  the  cord  of  the  oppositi;  side  (Fig.  413,  d)  to  form  its  lateral  pyramid  tract*  or 
crossed  pyramidal  tracts.  The  number  of  fibies  which  decussate  varies,  and  in  aunnc  cases  oil  ifcc 
fibres  moy  cross.] 

[The  gray  matter  of  the  medulla  is  largely  a  continuation  of  that  of  the  cord,  stlhoogb  rt  » 
arranged  dittcrcntty.  \\  the  Bhrcs  from  the  lateral  column  of  the  cord  pass  over  to  (■■rm  pan  nf  tfct 
anterior  pyramid  of  the  medulla  on  the  opposite  side,  they  traverse  the  gray  matier.  oitd  thus  est 
oil  the  lip  of  the  anterior  curnu,  which  is  also  pushed  backward  by  the  olivary  boity.  and  eaiatsas 
a  distinct  mx<(x,  the  nucleus  lateralia  (Kig.  414,  ni],  I'art  of  the  anterior  gray  maiter  al-o  ap^ais 
in  the  floor  uf  the  4th  ventricle  as  the  eminence  of  the  fasciculus  lerei,  and  from  part  of  it  >,niip 
the  hypoglosoal  nerve  (Mg.  415,  A'//).  The  neck  joining  the  modiAed  anterior  ar>d  povricr 
comua  is  much  broken  up  by  the  passage  of  longitudinal  and  transverse  fibres  through  it,  so  iImi  11 
forms  a  funnalia  reticularis  (Fig.  414, /r),  separating  the  two  comua.  The  caput  coma  pascriara 
comes  to  be  covered  higher  up  by  the  ascending  root  of  the  5th  nerve  f  K^.  414,  u  P' ),  and  amMC 
htjres  passing  to  the  resliform  txxly.  The  posterior  comu  is  alto  broken  up  and  is  thrown  oatwacd, 
its  caput  giving  rise  to  part  of  the  elevation  seen  on  the  surface  and  described  as  tbe  fnmcoteaof 
Rolando,  while  part  of  the  ttase  now  grenily  enlarged  forms  the  gray  moiit-r  in  the  funiculus  gnctUs 
[clavatc  nucleus]  (Fig.  4i.{,  n^)  and  funiculus  cuneatus  [cuneate  or  triangular  nucleus]  t^Flic.  415. 
nc).  Nearer  the  middle  line,  the  gray  matter  of  the  posterior  gray  comu  apnean  in  the  floor  eif 
the  4th  ventricle,  altove  where  the  central  canal  opens  into  it,  as  the  nuclei  of  the  spinal  "orf^i 
vagus  and  glosso-iiharyngeal  nerves.] 

[in  Ihe  lloor  of  the  4th  ventricle  near  the  raf^e,  and  qnlle  soperfirial,  h  a  loagitudiaal  ■sis  of 
large  multi[)iilar  nerve  cells,  derived  from  the  base  of  the  anterior  comu  from  wnich  the  misal 
bundles  forming  the  hypc^lof-sal  nerve  .sjirings,  it  is  the  hypoglossal  nucleus  (Fig.  415,  mX//\. 
the  nerve  fibr»  pas.^tng  obliquely  outward  to  appear  between  the  anterior  pyramid  and  the  6fnuf 
body.  Internal  to  it  and  next  Ihe  median  groove  is  a  smnll  mass  of  cells  conlinuoos  mkh  IIkh*  in 
the  raphe,  and  called  the  nucleus  of  the  funiculus  teres  (Fig.  415,  n/).  Around  the  ccnersJ  eaaal 
at  the  lower  {tart  of  the  medulla  is  a  group  of  cells  (Fig.  415,  nX/),  which  becomes  di»|. laced  lal 
erally  as  it  comes  nearer  the  surface  in  the  fkior  of  the  medulla  oblongau,  where  it  lies  ouwde  ibe 
hypoglossal  nucleus,  and  corresponds  to  tbe  prominence  of  the  als  diKrca  (Fig.  415,  nX)i,tMA 
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from  it  and  its  continualion  upward  arise  from  below  upward  part  of  the  spinal  accessory  ( i  itb), 
and  ihe  vagus  (lolh,  carrcspoiidiug  to  the  jK^ition  of  (he  eaiinentta  cinerea— Fig.  415,  X),  «o  that 
this  column  of  cells  forms  the  vago<acceisoriuK  nucleua.  External  to  and  in  front  of  this  is  the 
nucleus  for  the  giowo-pharyngeal  nerve.  Further  up  in  the  medulla,  on  a  level  with  the  auditory 
«na;  and  outside  the  previous  column,  is  a  tract  of  cell*  from  which  the  auditory  nerve  (8th)  in  great 
part  arises;  it  is  the  principal  auditory  nucleua.  U  lies  just  under  the  commencement  of  the 
inferior  cerebellar  peduncle  { Fig.  3S4.  8'  S"  8"').  It  consisLtof  an  ouiet  and  inner  nuclcu-i,  which 
extend  to  the  middle  line.  It  forms  connections  with  the  cerebellum,  and  some  fibres  arc  said  to 
enter  the  inferior  cerebellar  peduncle.  Thi^  is  an  important  relationship,  as  we  know  thai  the  v«- 
libulor  branch  o(  ihe  auditory  nerve  cnmcs  panty  from  the  semicircular  canaU,  so  that  in  this  way 
lhe«e  organs  may  !«  connected  wit)i  the  cerebellum.] 

[Superadded  Gray  Matter. — There  is  a  su|>eratlded  massof  gray  matter  nut  rcprewrnled  in  the 
cord,  thni  of  the  olivary  body,  enclosing  a  nucleus,  the  corpus  dentatum,  with  its  wavy  strip  of 
gray  matter  coiilaining  many  small  multipolar  nerve  cells  embedded  in  neuroglia.  The  j;ray  matter 
is  covered  on  the  sur^ce  by  longitudinal  and  iransvcrBC  fibres.     It  is  open  toward  the  middle  line 
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Fig.  414- — SeciiiMi  of  ihe  ni«dul1a  oblongata  at  the  lo-callcH  upper  decuftuuton  of  the  pyniniida.  Jim.  anterior 
///,  And  pustcrior  median  figure  ,  mJlt,  nucleus  of  th«  accc&soniiA  vagi ,  hXII,  nucleus  of  the  hypngloual :  Ja, 
ihcko-cAllcd  lupenor  or  interior  dccusMtiOD  of  the  pyr^titiid'i  .  fiy,  nDtcrior  pyramKl  ;  n,  Ar,  nuclcu*  «rcifb>rm'u  . 
£>',  median  pArolivary  body  :  (.',  bcgtnnintc  of  the  nucleus  of  ihe  olivary  boify  ;  «/,  nuctcu>  ol  the  Utcml  column  : 
fr,  fomutta  rciicuUm:  g.  futiitaniia  eelaiinosa,  wiiii  'al')  ihc  ascending  root  of  the  trigeminus;  mc.  nucleua 
of  lh«  funiculus  cuncatus ,  Hi  *.  exlcmar  nucleus  of  the  funiculiLt  cuncalua :  k£,  nucleus  of  the  funicului  gracili* 
(aicUva);  //',  funiculus  gracilit :  //»,  (unicului  cuneatu.v ,  cc,  central  cuniA .  /it,/a^ ,/a*,  external  aiciforni 
fibr«ft  >;  4.  Kir..  415. — Section  cf  the  medutla  oblorgaia  through  tSe  olivary  Iwdy.  mJCJI,  nuclcuk  of  the  hypn- 
gloMal ;  M.V,  mX  *.  more  or  1cm  cellular  parts  of  the  nucleus  of  the  vagus :  Xil,  hypofiiowHal  nerve  ;  X,  vagu«  . 
a,  rtM,  nucleus  ambiguut;  <«/,  nurlcut  litcrafii :  c,  olivarj' nucleua;  lyt/,  external,  and  i>4M,  internal  parollvaiy 
bodyiyi.ihc  round  bundle, or  funiculus  soliiarlui;  Cr,  reatiform  body;  /,  anterior  pyramitJ,  surrvunded  by 
arciforn  fibres  ;  far,  /^,  fibres  proceeding  from  the  olive  to  the  raphe  ^pcduncului  oIIvb)  :  r,  raphe.     X  4. 


fhilumj  and  into  it  run  white  fibres  forming  k^  pe/tuncU  (Fig.  415, /»  0, 1).  Tliese  fibres  diverge 
like  a  fan,  some  of  them  ending  in  connection  with  the  small  timllipolar  cells  of  the  dentate  body, 
while  others  traverse  the  lamina  of  gray  matter  and  pass  backward  to  appear  as  arcuate  fibres  which 
join  the  rcstiform  body  ;  others,  again,  pass  dirrctly  throttgh  to  the  surface  of  the  olivary  body,  which 
ihey  help  to  cover  as  the  superFcijl  arcuate  fil>res.  I'he  accessory  olivary  nuclei  (Fig.  414,  o', 
a'*\  arc  two  small  ma.\sc&  of  gray  matter  similar  lu  the  last,  and  lurking  as  if  [hey  were  deiached 
from  it,  one  lying  above  and  external,  sometimes  Ciller)  ihc  parolivary  body,  and  the  other  slightly 
below  and  internal  to  ihe  olivary  nucleus,  the  latter  ^€ing  separated  fiom  the  dentate  body  by  the 
roots  of  the  hypuclossal  nerve.  The  latter  is  sometimes  called  internal  parolivary  body,  or  nucleus 
of  the  pyramid,] 

SThc  formatio  reticulmris  occupies  the  greater  part  of  the  central  and  lateral  parts  of  the  me- 
la,  and  is  produced  by  the  intercrossing  of  bundles  of  fibres  running  longiiu-linally  and  more  or 
less  transversely  in  the  medulla  t  Fig.  414. /,  r).  In  the  more  lateral  ponir>ns  are  large  muliipolar 
nerve  cells,  perhaps  continued  upirar  1  fn^m  part  of  the  anterior  cornu,  white  the  part  next  the  raphe 
has  no  such  cells.     The  lortgitutiitial  fibres  ctitistst  of  the  upward  prolongation  of  the  anteio-exiemal 
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columns  of  (he  cord,  while  some  seem  to  ari»e  from  the  clavate  nuclei  and  ulives  as  arcuate  fAnrt 
passing  upward.  In  the  lateral  portintu.  the  lon^ptudinal  fibres  are  the  direct  continuation  apwaid 
of  FIcchsig's  antero-lalenLl  mixed  tracu  of  the  laieral  columns  (p.  659}.  The  horizontal  tiUcs  arc 
formeH  by  arcuate  fibres,  some  of  which  run  more  or  less  transversely  outward  from  the  raphe  TW 
ti«/ffrfina/ arrttatf^fir^s  \Fi^- 41$,/, a, e)  appear  in  the  anterior  median  fisiiire,  ami,  pcrhtp«,come 
throagh  the  raphe  from  the  opposite  side  of  tlie  medulla,  curve  round  the  aitteriur  pyramids,  form  s 
kind  of  capsule  for  the  olives,  and  join  the  restiform  body  (p.  682).  but  they  are  reinforced  by  ioom 
of  the  deep  arcuate  fibres  which  traverse  the  oUvary  bujy  (p.  6S2).  The  i/i'*'/*  arfwi/r  /if>re}  m 
from  the  ctavaie  and  triangular  nuclei  horizontally  inwonl  to  the  raphe  and  cross  to  the  uiJier  lid^ 
others  pass  from  the  raphe  to  the  olivary  l>ody  and  through  it  to  the  restiform  body.  In  the  raphe. 
which  contains  nerve  celU,  some  fibres  run  tranaveriiely,  others  longitudinally,  and  othen  from  hrkn 
backward.] 

[Giber  Nerve  Nuclei— Sixth  Nerve. — Under  the  elevation  called  emineniia  teres  (Fifi,  3S4) 
in  Trout  of  the  auditory  strix,  close  to  the  middle  line,  is  a  tract  uf  lai^e  multipolar  nerve  cciU.  ll 
was  once  thought  to  be  the  common  nucleus  nf  6th  and  7th  facial  nerves,  but  towers  has  iliova 
that  "  the  facial  ascends  to  this  nucleus,  forms  a  loop  round  it  (some  fibres,  indeed,  go  Ihroaeh  it), 
and  then  passc-s  downward,  forward  and  outward  lo  a  column  of  cells  more  deeply  placed  ui  ihc 
medulla  than  any  other  nucleus  in  the  lotver  |»art."  Hut  the  7th  has  no  real  origin  from  thiv  nudeiu, 
Facial  Nerve. — The  nucleus  lies  deep  in  the  furmotio  reticularis  of  the  pons  under  the  ft^jf  of 
the  4th  ventricle,  but  outside  the  position  of  the  nucleus  of  the  6lh  (Tig  384,  7).  It  extends  doTra- 
ward  about  as  far  as  the  auditory  stria-  or  a  little  lower.  The  fifth  nerve  anses  from  us  motor 
nucleus  (with  large  multi|Kilnr  celU),  which  lies  more  aujierficially  at>ovc  and  extem&l  iu  the  6t(i 
(Hg.  384,  5).  The  fibres  run  backward,  where  they  are  joined  by  hbrcs  from  the  upper  tcnHry 
nucleus,  but  another  sensory  nuc  eus  extends  down  nearly  to  the  lower  end  of  the  medulla  ^5"). 
Doubtless,  this  extensive  origin  brings  this  nerve  into  intimate  relation  with  the  other  eranial  ncrro^ 
and  accotmts  for  the  numerous  reflex  acts  which  can  be  discharged  through  the  5(h  nerve  ^inc 
5cn»ory  fibres  are  said  to  ]iass  up  Iwneath  the  coqKira  riuadrigcmina  ( (iotffrsi.  The  fourth  nervt 
arises  from  the  valve  of  Vicusscns,  i.  e.,  the  lamina  of  wliitc  and  gray  mailer  which  sireti;iie«  between 
(he  superior  cerebellar  peduncles.  It  arises,  therefore,  behind  the  4ih  ventricle,  but  some  of  the 
fibres  spring  from  some  nerve  cells  at  the  lower  part  of  the  nucleus  of  the  3d  nerve.  Some  hhrts 
also  descend  in  the  pons  to  form  a  connection  with  the  nucleus  of  the  6ih  nerve.  The  fibres  4eeiis> 
sale  behind  the  ai)ueduct»  so  that  in  it  alone,  of  all  the  cranial  nerves,  decusaatton  occurs  bctweca  in 
nucleus  and  its  superficial  origin  (^Gtrwfn).  The  third  nerve  arises  fmm  a  tract  of  cells  beneath 
the  aqueduct  and  near  the  m  ddlc  line,  and  the  fibres  descend  through  the  tegmentum  to  a^5>eai  at 
the  Inner  side  of  (he  cms  cerebri.  Gowers  points  out  thai,  in  rcaluy.  there  are  threedistlnct  inac- 
tional  centres,  (1)  for  accommodation  {ciliary  muscle),  (3)  for  the  light  reilex  of  the  iris,  and  (j| 
most  of  the  external  muscles  of  the  eyeball.  It  is  important  to  notice  the  connection  between  tbt 
nuclei  of  the  3d,  4th  and  6th  nerves,  in  relation  to  innervation  of  the  ocular  muscles.] 

Functions. — The  medulla  oblongata,  which  connects  the  spinal  cord  with  the 
brain,  has  many  points  of  resemblance  with  the  former.  [Like  the  cord,  it  ts 
concerned  in  the  (1)  conduction  of  imptjlses.]  (a)  In  it  numerous  reflex  cen- 
tres are  present,  e.  g.^  for  simple  reflexes  similar  to  the  nerve  centres  in  the  spinal 
cord,  e.g.,  closure  of  the  eyelids  [so  that  they  subserve  the  transference  of  afferent 
into  efferent  impulses].  There  are  other  centres  present  which  seem  to  dominate 
or  r<3/i/r^/ similar  centres  placed  in  the  cord,  e.  g.,  the  great  vasomotor  centre,  the 
sweat-secreting,  pupil  dilating  cenires,  and  the  centre  for  combining  the  rcAcx 
movements  of  the  body.  Some  of  the  centres  are  capable  of  being  excited  rt* 
flexiy  i§  358,  a).  (3)  It  is  also  said  to  contain  automatic  centres  (§  35S,  jj. 
The  normal  functions  of  the  centres  depend  upon  the  exchanges  of  blood 
gases  effected  by  the  circulation  of  the  blood  through  the  medulla.  If  this 
gaseous  exchange  be  interrupted  or  interfered  with,  as  by  asphyxia,  sudden  ansmu 
or  venous  congestion,  these  centres  are  first  excited,  and  exhibit  a  condition  of 
increased  excitability,  and,  if  they  are  over-stimulated,  at  last  they  arc  paralyzed. 
An  excessive  temperature  also  acts  as  a  stimulus.  AU  the  centres,  hoirever,  ait 
not  active  at  the  same  time,  and  they  do  not  all  exhibit  the  same  degree  of  ex- 
citability. Normally,  the  respiratory  centre  and  the  vasomotor  centre  are  con- 
tinually in  a  state  ai  rhythmical  activity.  In  some  animals  the  inhibitory  cenUv 
of  the  heart  remains  continually  non-excited,  in  others  it  is  stimulated  very  slightly 
under  normal  conditions,  simultaneously  with  the  stimulation  of  the  re*;piraiory 
centre  and  only  during  inspiration.  The  sj^asm  centre  is  not  stimulated  under 
normal  conditions,  and  during  intra-uterine  life  the  respiratory  centre  reoiains 
quiescent.     The  medulla  oblongata,  therefore,  contains  a  collocation  of  nerre 
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:cntrcs  which  are  essential  for  the  maintenance  of  life,  as  well  as  various  conduct- 
ing paths  of  the  utmost  importance.  We  shall  treat  of  the  reflex,  and  afterward  of 
the  automatic  centres. 

367.  REFLEX  CENTRES  OF  THE  MEDULLA  OBLONGATA. 

— The  medulla  oblongata  contains  a  number  of  reflex  centres,  which  minister  to 
the  dLsrharpe  of  a  large  number  of  coordinated  movements. 

1.  Centre  for  Closure  of  the  Eyelids. — The  sensory  branches  of  the  5th 
cranial  nerve  to  the  cornea,  conjunctiva,  and  the  skin  in  the  region  of  the  eye  are 
the  afferent  nerves.  They  conduct  impulses  to  the  medulla  oblongata,  where 
they  are  transferred  to,  and  excite  part  of,  the  centre  of  the  facial  nerve,  and 
through  branches  of  the  facial  the  efferent  impulses  are  conveyed  to  the  orbicu- 
laris palpebrarum.     The  cetitre  lies  close  to  the  calamus  scriptorius  {Exner). 

The  reflex  closure  of  the  eyeliils  always  occurs  on  bflfh  sides,  but  closure  may  be  produced  volnn- 
tarily  on  one  side  {winking).  When  ilie  slimulalion  is  slrtmg.  ihe  corrup.nor  and  other  groups  of 
muscles  which  raise  the  cheek  and  nose  toward  the  eye  may  also  contract,  and  so  form  a  more 
perfect  protection  and  closure  of  the  eye.  Intense  stimulation  of  the  retina  causes  closure  of  the 
eyelids  [and  in  this  case  (tic  shortest  reltcx  known,  the  latent  period,  is  0.5  second  (  IVitller)^. 

2.  Sneezing  Centre. — The  afferent  channels  are  the  internal  nasal  branches 
of  the  trigeminus  and  the  oifaclory,  the  latter  in  the  case  of  intense  odors.  The 
efferent  or  motor  paths  lie  in  the  nerves  for  the  muscles  of  expiration  (§§  120, 
3,  and  347,  II).  Sneezing  cannot  be  performed  voluntarily  [but  it  maybe  inhib- 
ited by  compressing  the  nasal  nerve  at  its  exit  on  the  nose]. 

3.  Coughing  Centre. — .\ccording  to  Kohts,  it  is  placed  a  little  above  the 
inspiratory  centre;  the  afferent  paths  are  the  sensory  branches  of  the  vagus 
(§  35 *»  5'  ^^'  ^^^  efferent  paths  lie  in  the  nerves  of  expiration  and  those  that 
close  the  glottis  ( (j  1 20,  1 ). 

4.  Centre  for  the  Movements  of  Sucking  and  Mastication. — The 
afferent  paths  lie  in  the  sensory  branches  of  the  nerves  of  the  mouth  and  lips 
(2d  and  3d  branches  of  the  trigeminus  and  glosso-pharyngeal).  The  efferent 
nerves  for  suction  (Jj  152)  are:  Facial  for  the  li]is,  hypoglossal  for  the  tongue,  the 
inferior  maxillary  division  of  the  trigeminus  for  the  muscles  which  elevate  and 
depress  the  jaw.  For  the  movements  oi  masticatian  the  same  nerves  arc  in  action 
(§  153),  but  when  food  passes  within  the  dental  arch  the  hypoglossal  is  concerned 
in  the  movements  of  the  tongue,  and  the  facial  for  the  buccinator. 

5.  Centre  for  the  Secretion  of  Saliva  (p.  241),  which  lies  in  the  floor  of 
the  4lh  ventricle.  Stimulation  of  the  medulla  oblongata  causes  a  profuse  secre- 
tion of  saliva,  when  the  chorda  tympani  and  glosso-pharyngeal  nerves  are  intact, 
a  much  feebler  secretion  when  the  nerves  are  divided,  and  no  secretion  at  all 
when  the  cervical  sympathetic  is  cxtirixited  at  the  same  time  { Griitznt^r). 

6.  Swallowing  Centre  in  the  floor  of  the  4th  ventricle  (§  156).— The 
afferent  paths  lie  in  the  sensory  branches  of  the  nerves  of  the  mouth,  palate, 
and  pharynx  {2d  and  3d  branches  of  the  trigeminus,  glosso-pharyngeal,  and 
vagus);  Ihe  efferent  channels  in  the  motor  branches  of  the  pharyngeal  plexus 
(§  352.  4). 

According  to  .Steincr,  every  time  we  swallow  there  is  a  slijjhl  stimulation  of  the  respiratory  centre, 
resulting  in  a  *Hghl  contraclion  ol  the  diaphragm.  [Kronccker  has  shown  that  if  a  gloss  of  water 
be  sipped  slowly,  the  action  of  the  cardio-inhibiiory  centre  is  interfered  with  redexly,  so  ihac  the 
heart  Ixats  much  more  rapidly,  whereby  ihe  circulation  is  accelerated,  hence  probably  why  sipping 
an  alcoholic  drink  intoxicates  more  rapitlly  than  when  it  is  '[uickly  !>wallowed.] 

7.  Vomiting  Centre  (§  158). — The  relation  of  certain  branches  of  the  vagus 
to  this  act  are  given  at  §  352,  2,  and  12,  d. 

8.  The  upper  centre  for  the  dilator  pupillac  muscle,  the  smooth  muscles 
of  the  orbit,  and  the  eyelids  lies  in  the  medulla  ublongata.  The  fibres  pass  out 
partly  in  the  trigeminus  (§  347,  I,  3),  partly  in  the  lateral  columns  of  the  spinal 
cord  as  far  down  as  the  cilio-spinal  region,  and  pass  out  by  the  two  lowest  cervical 
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and  the  two  iip|)er  dur>al  nerves  into  the  cervical  sympathetic  (§  356,  A.  1 ).     The 
centre   is  normally  excited  reflexly  by  shading  the  retina.  ;'.  e,,  by  diminishing 
the  amount  of  light  admitted  into  the  eye.     It  is  directly  excited  by  the  circuU-. 
tion  of  dyspnceic  blood  in  the  medulla.     (The  centre  for  contracting  the  pupil  is 
referred  to  at  §§  345  and  392.) 

9.  There  is  a  sahorHinate  centre  in  the  medulla  oblonf;ala,  which  Ae«ms  to  be  concerned  in  brio^ 
ing  the  variuus  reflex  centres  of  the  curd  into  relation  with  each  oUter.  Owijonnikow  TouiHi  ilut, 
on  i11\-iding  the  medulla  6  mm,  almve  the  calamus  scriplorius  (rabhit)  the  grneral  reflex  nwvcmenu 
of  (he  body  still  occurred,  and  the  anterior  and  poiterior  exIremiticH  pailicipalcd  in  »ucfa  fCKflrai 
movements.  If,  however,  the  section  wa$  mode  i  mm.  nearer  the  calamus,  only  local  patTMH  cda 
nctioni  occurred  {\  360,  III,  4)  ;  {^thus,  on  stimulating  the  hind  1^.  the  fore  lees  did  inal  x^ttL— 
the  tranifrrente  of  the  rcHcx  was  mlerfcrcd  with].  The  centre  reaches  upward  to  slighUy  above 
the  lowest  third  of  the  oblongata. 

Patholog^ical. — The  medulla  oblongata  is  sometimes  the  seat  of  a  typical  diicase.  knmrn  a 
bulbar  paralysis,  or  glosso-pbaryngu-Iabial  paralyse  {Duthenne,  iSbo)^  in  which  there  u  a  prp- 
grrssive  invasion  of  the  different  nerve  nticici  (centres),  of  the  cranial  nerves  which  on^c  witluB 
the  medulla,  these  centres  Iteing  the  motor  portions  of  an  imporlnni  reflex  apparatus.  \j%aaX\y  dtc 
disease  begins  with  (MTolysis  of  the  tongue,  accompanied  by  fibrillar  contractions,  whereby  iBcech, 
formation  of  the  food  into  a  bolus,  and  swallowing  nre  interfered  with  (}  334)-  The  aeefCDOtt  of 
thick  viscid  saliva  points  Id  the  impossibdiiy  of  secreting  a  thin,  watery /fftj'a/  lolh'a  \\  145,  A|, 
owing  to  paralysis  of  this  nerve  nucleus.  Swallowing  nay  be  impo-sil^e,  owii>g  to  pandfiii 
of  the  pharynx  and  palate.  This  interferes  with  the  formation  of  (enxonanti  [esjjecUUy  ifce 
linguals, /, /,  f,  r,  by  and  by  the  Isl^ial  explosives  b,  p.]  iSil^-^l;  ^^  speech  bccimics  noMl. 
while  fluids  and  solid  food  often  pass  into  the  nosd.  Then  follows  paralysis  of  the  brondws 
of  the  facial  to  the  Ii[>s,  and  there  is  a  characteristic  expression  of  the  mouth  ••  as  if  il  woe 
frozen,"  .All  the  muscles  of  the  face  may  be  para]yi«d;  sometimes  ihe  hryn^tai  mmtrits  *tr 
paralyzed,  leading  to  the  loss  uf  voice  and  the  entrance  of  food  into  the  windpipe.  Tbe  iM^r 
dfii/i  are  oficn  jAwvf/,  pointing  t"  stimulation  of  the  cardio-inhibitory  fibres  (arisii^*  from  the  acco- 
■oriai).  Attacks  of  liyspna'a,  like  those  following  paralysis  of  the  recurrent  nerves  ( (  JIJ.  H.  t. 
B'ti'l  I  352*  5>  ^)>  ond  death  may  occur.  Paralysis  of  the  muscles  of  mOAtiCJiion,  contraclioa  o^ihc 
pupil,  and  paraksis  of  the  aUluceiis  arc  rare.  [I'his  diseas*:  is  always  bilateral,  and  it  is  iiapaiiaot 
to  note  that  it  affects  the  nuclei  of  those  muscles  that  guard  the  oriBccs  of  the  muulh.  incloiiii^tbe 
tongue,  the  posterior  narcs  including;  the  soft  palate,  and  the  rima  gloitidis  with  the  vocal  cords] 

368.  THE  RESPIRATORY  CENTRE  AND  THE  INNERVA- 
TION OF  THE  RESPIRATORY  APPARATUS.— The  respiratorjr 
centre  lies  in  the  medulla  oblongata  {Ligalltfis),  behind  the  point  of  origin  of 
the  vagi,  on  both  sides  of  the  posterior  aspect  of  the  apex  of  the  caUmus  scrip- 
torius,  between  the  nticlei  of  the  vagus  and  acccssontts  (V%tfr(r«j-'),  and  was  named 
by  Flourens  the  vital  point,  or  nceud  vital.  The  centre  is  double,  one  for  each 
side,  and  it  may  besepanited  by  mcar>sof  a  longitudinal  incision  {/.onj^e/),  whctebj 
the  respiratory  movements  continue  symmetrically  on  both  sides.  Section  of 
Vagi. — If  one  vagus  Ix;  divided,  respiration  on  that  side  is  siifweJ.  M  ixtih  vagi 
be  divided,  the  respirations  become  much  slotver  and  deeper^  but  the  respiratory 
movements  are  symmetrical  on  both  sides.  Stimulation  of  the  ceniral end  of  ooe 
vagus,  both  being  divided,  causes  an  arrest  of  the  respiration  only  on  the  simc 
side,  the  other  side  continues  to  breathe.  The  same  result  is  obtained  by  stimuU- 
tion  of  the  trigeminus  on  one  side  (Lan^^ttuiorff).  When  the  centre  is  divided 
transversely  on  one  side,  the  respiratory  movements  on  the  samt  side  cease 
iSt'hJff).  Most  [)robably  the  dominating  respiratory  centre  lies  in  the  medalU 
oblongata,  and  u|)on  it  depends  the  rhythm  and  symmetry  of  the  respiratory 
movements  ;  but,  in  addition,  other  and  subordinate  centres  are  placed  in  the 
spinal  cord,  and  these  are  governed  by  the  oblongata  centre.  If  the  spinal  cord 
be  divided  in  newly-born  animals  (dog,  cat)  below  the  medulla  obtongaia,  rcipi' 
ratory  movements  of  the  thorax  are  sometimes  observed  {Brarhft  {/SjS)f  Lamifn* 
bach^  and  Langendorff^, 


flf  the  cord  be  di\*ided  below  the  medulla,  or  the  cranial  arteries  ligatured 
still  be  respiratory  inovemenLs,  which  become  more  distinct  if  strychnin  )>e  tire-- 
»»» that  Langendorff  a-ssnmes  the  existence  of  a  spinal  respiratory  centre,  which 
Huenced  hy  reflex  stimulation  of  sensory  nerves.] 
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Anatomical. — According  to  Giercke,  Hcidenhain,  and  Ijingendorff,  those  part*  of  the  medulla 
obloc^la  whose  destruction  causes  ctisation  of  ihe  respiratory  mnvemcnis  arc  not  gray  cellular 
substance,  but  only  single  or  double  strands  of  nervous  matter  running  downward  in  the  sul^iance 
of  the  medulla  oblongata.  These  Mrands  are  said  to  arise  partly  from  the  roots  of  the  vagus, 
trigeminus,  spinal  accessory,  and  glosso-pharyngcat  [^Meynfrt\,  forming  cnnncctionK  by  mearu  of 
fibires  with  the  other  side,  and  descending  as  far  downward  as  the  cervical  enlargeroeot  of  the  spinal 
cord  {CoJi).  According  to  (his  view,  this  strand  represents  an  inUr-ctntral  band  connecting  the 
spinal  cord  (the  place  of  origin  of  the  motor  respiratory  nerves)  with  the  nuclei  of  the  above-named 
cranial  nerves. 

Cerebral  Inspiratory  Centre, — According  to  Chrisliani,  there  is  a  cerebral 
inspiratory  crntre  in  the  optic  thalamus  in  the 
floor  of  the  3d  ventricle,  which  is  stimulated 
throtigh  the  optic  and  auditory  nerves,  even 
after  extirpation  of  the  cerebrum  and  corpora 
striata ;  when  it  is  stimulated  directly,  it 
deepens  and  accelerates  the  inspiratory  move- 
ments, and  may  even  cause  a  stand-still  of  the 
respiration  in  the  inspiratory  phase.  This 
inspiratory  centre  may  be  extirpated.  After 
this  operation,  an  expiratory  centre  is  active 
in  the  subsiante  of  the  anterior  pair  of  the 
corpora  qnadriyemina,  not  far  from  the  aque- 
duct of  Sylvius.  Lastly,  Martin  and  Booker 
describe  a  second  cerebral  inspiratory  centre 
in  the  posterior  pair  of  the  corpora  quadri- 
gemina.  These  three  centres  are  connected 
with  the  centres  in  the  mednUa  oblongata. 

Inspiratory  and  Expiratory  Centres. 
— The  respiratory  centre  consists  of  two  cen- 
tres, which  are  in  a  state  of  activity  alternately 
— an  inspiratory  and  an  expiratory  centre 
(Fig.  416J,  each  one  forming  the  motor  cen- 
tral point  for  the  acts  of  inspiration  and  ex- 
piration (*i  112}.  The  centre  is  automatic, 
for,  after  section  of  all  the  sensory  nerves 
which  can  act  reflexly  upon  the  centre,  it  still 
retains  its  activity.  The  degree  of  excita- 
bility and  the  stimulation  of  the  centre  depend 
upon  the  state  of  the  blood,  and  chiefly 
upon  the  amount  of  the  blood  gases,  the  O 
and  CO,  (/.  Rosenthal). 

According  to  the  condition  of  the  centre,  there  are  several  well -recognized 
respiratory  conditions:  — 

I.  Apnoea. — Complete  cessation  of  the  respiration  constituting  apntsa^  /'.  ^., 
cessation  of  the  respiratory  movements,  owing  to  the  absence  of  the  proper  stimu- 
Itis,  due  to  the  blood  being  saturated  with  O  and  poor  in  CO,.  Such  blood  satu- 
rated with  O  fails  to  stimulate  the  centre,  and  hence  the  respiratory  muscles  are 
quiescent.  This  seems  to  be  the  condition  in  the  fcetus  during  inlra-uterine  life. 
If  air  be  vigorously  and  rapidly  forced  into  the  hings  of  an  animal  by  artificial 
respiration,  the  animal  will  cease  to  breathe  for  a  time  after  cessation  of  the  arti- 
ficial respiration  {Ifook,  166";),  the  blood  being  so  arterialized  that  it  no  longer 
stimulates  the  respiratory  centre.  If  a  person  takes  a  series  of  rapid,  deep  respi- 
rations, his  blood  becomes  stircharged  with  oxygen,  and  long  "  apnoeic  pauses  ** 
occur. 

Apncaic  Blood. — A.  Ewatd  found  that  the  arterial  lilood  of  apnoeic  animals  was  completely 
situratcd  wlih  O,  while  the  CO,  was  diminished ;  the  venous  blood  contained  less  O  than  normal 
— this  latter  condition  l>cing  due  to  the  apnueic  blood  causing  a  considerable  fall  of  the  blood  pressure 
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Sckeme  i>f  th<  chief  respiratory  nerves  {Rvthtr- 
/arj).  imt,  inspiratory,  iind  tr^,  cjipir^iory 
centre — nolor  nervca  m«  in  ftinooin  Un«». 
Expiratory  motor  ncrva  to  abcloinmikl  mit>- 
clen,*^:  tomiucl««of  b*ck,</».  Inspiratory 
motor  nerves.  /A,  phrenic  to  di«phragni,<tf; 
imt,  intercosul  nerve*;  rt,  r*curr«nl  laryn- 
geal :  ex,  pulnionxr>-  fibre*  of  vagus  tliai  ex- 
cite intpirkiory  centre  :  rj^.piilmonanf  fibrfsi 
that  CKcile  expiratory  centre;  ^.r",  fibres  of 
sup.  larytitteAl  that  cxdie  expiratory  centra  ; 
inh,  fibrci  of  «up.  UrynKcul  that  inhibit  the 
Inspiratory  centre. 
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and  consequent  slowing  of  the  blood  sircftni,  so  that  the  O  can  be  more  completeljr  tiken  from  the 
bloml  in  the  capillaries  {PJiiiger),  The  amount  nfO  Uic<l  in  apntjca.on  the  whulc» »  n<A  lacrcMcd 
({  127).  Gad  reinaiks  that  during  forced  ar/ijtdai  rfspir,uieii,\\\t  pulmonary  alveoli  vMOun  « 
very  large  amount  of  atmnspheric  air ;  hence  they  are  able  to  ancrialue  the  blood  for  s  loncar  liow. 
dius  diminishing  the  necessity  for  ropiratiun. 

[Drugs.— If  ihe  excitability  of  the  rcs|iiratory  centre  be  diminished  by  chloral,  apnrm  u  ntMkj 
induced,  while,  if  the  centre  lie  excited,  as  by  apomorphine,  it  U  difficult  to  prodoce  it.] 

a.  Eupnoea.—The  normal  stimulation  of  the  respiratory  centre,  ^njmara,  ii 
caused  by  the  blood  in  which  the  amount  of  O  and  CO,  does  not  exceed  the 
normal  limits  (§§  35  and  36). 

3.  Dyspnoea. — All  conditions  which  diminish  the  O  and  increase  ibe  CO,  in 
the  blood  circulating  through  the  medulla  and  respiratory  centre  cause  a(.celera- 
tion  and  deepening  of  the  respirations,  which  may  ultimately  pass  into  vigoroiB 
and  labored  activity  of  all  the  respiratory  muscles,  constituting  dyspmra,  when  the 
difficulty  of  brualhing  is  very  great  (§  134).     [Changes  in  the  rhythm,  §  1 1  i.l 

4.  Asphyxia. — If  blood,  abnormal  as  regards  the  amount  and  quality  of  its 
gases,  continues  to  circulate  in  the  medulla,  or  if  the  condition  of  the  blood  be- 
come still  more  abnormal,  the  respiratory  centre  is  ozfr-stimuiate//,  and  ultimately 
txhaustfii.  The  respirations  are  diminished  both  in  number  and  depth,  and  thcjr 
become  feeble  and  gas|)ing  in  character  ;  ultimately  the  movements  of  the  respi- 
ratory muscles  cease,  and  the  heart  itself  soon  ceases  to  beat.  This  consiiiutca  the 
condition  of  asphyxia,  and  if  it  be  continued  death  from  suffocation  takes  place. 
(Langendorff  asserts  that  in  asphyxiated  frogs  the  muscles  and  gray  nervous  sub- 
stance have  an  acid  reaction.)  If  the  conditions  causing  the  abnormal  condttiuo 
of  the  blood  be  removed,  the  asphyxia  may  be  prevented  under  favorable  ctrcum- 
Btances,  especially  by  using  artificial  respiration  (§  134);  the  respiratory  mus- 
cles begin  to  act  and  the  heart  begins  to  beat,  so  that  the  normal  eupnoetc  stage 
is  reached  through  the  condition  of  dyspnoea.  If  the  venous  condition  of  the 
blood  be  produced  slowly  and  very  gradually,  asphyxia  may  take  place  without 
there  being  any  symptoms  of  dyspnoea,  as  occurs  when  death  takes  place  quietly 
and  very  gradually  (§  324,  5). 

Causes  of  Dyspntxa.^i)  Direct  Hmitaiion  of  tht  oitivUy  cf  tht  rti/iratery  tfftmt; 
diminution  of  the  respiratory  surface  by  inflammation,  acute  urdema  ({  47),  or  cnllapae  of  the 
alveoli,  occlusion  of  the  capillaries  of  tiic  alveuli,  compression  of  the  lungs,  entrance  *'f  ati  into 
Ihe  pleura,  ohsiruction  or  comprei>sion  of  the  windpi{>e.  (2)  Ohtruiti^u  to  the  rntram,-*  pf  tkt 
normal  ammtnt  of  air  by  strangulaiion.  or  enclosure  in  an  insufficient  space.  ( j)  Enfef^emtwi  t4 
tht  circulation^  so  that  the  medulla  oblongata  does  not  receive  a  sufficient  amount  of  lilood  i  la 
degeneration  of  the  heart,  valvular  cardiac  discaM:,  and  arti6cially  by  llgmtare  of  the  carotid  aad 
veriebraJ  arteries  {Kyi'smnuland  7'tHHer),  or  by  preventing  ihc  free  efflux  of  venous  blond  bum 
the  skull,  or  by  the  injection  of  a  large  quauiity  of  air  or  imlitTerent  [larticles  into  ihe  nglit  licait. 
(4)  Direet  loss  of  Nood^  which  acts  by  arrcbling  the  exchange  of  gases  in  the  medulla  1  /.  A'.vint- 
^hat\.  This  is  (he  cause  of  the  "biting  01  snapping  at  the  air"  nuuiife^etJ  by  the  dccapUMed 
faeaat  of  young  animals,  ^^.,  ktUcns.  [The  phenomenon  is  well  marked  in  the  head  of  a  roftptie 
Kparated  from  the  Uxly  (  W.  Stir/in^').]  All  these  factors  act  rapidly  upon  the  respiratory  scunly. 
and  at  first  the  respirations  are  deeper  aod  more  rapid,  and  afterward  the  respiratory  munramla 
become  mure  violent  and  general  convulsions  occur,  ending  with  expiratory  spasm,  which  is  fol- 
lowed by  a  stage  of  ccs.<wion  of  the  respiration  and  complete  rclaxalion.  Before  death  takv* 
place  there  are  usually  a  few  "snapping  "  or  gasping  ciToTtA  at  inspiration  (//oj^yrs,  ^jp"-  ^^*'f — 

Condition  of  the  Blood  Oases. — As  a  general  rule,  in  the  production  of  dyspnoea  ibr  want  of 
O  and  the  excess  of  0>,  act  simultaneously  [P/Jii^yr and  Dohm^n).  but  each  of  these  alont  nay 
act  AS  an  etbcicnt  cause.  Acconliog  to  Bernstein,  blood  containing  a  small  amounc  of  O  actt 
chiefly  u|xin  the  inspirator)-  centre,  and  blood  rich  in  CO^  on  the  expiratory  centre  DyifMiOa. 
from  want  of  O,  occun  durini;  respiration  in  a  space  of  mcdtratr  siee  (I  133),  in  simces  whm  Ifci 
tension  of  the  air  is  diminished,  and  by  breathing  in  indifferent  gases  or  thMe  contatniaig  no  free  O. 
When  the  blood  is  freely  ventilated  with  N  or  H.  the  amount  of  CO,  in  the  Mooil  nny  eveo  he 
diminished,  and  death  occur*  with  all  the  Mgns  of  asphyxia  {PfiUgfr).  [lyspntra,  (rwio  ilw  btot^ 
being  overchargc<t  with  CO^,  occurs  by  bicaihing  Air  coma-nmg  much  CO^  ({  I3$)>  Air  cnolaiB- 
ing  much  ft  )^  may  cause  dyspnura,  even  when  Uic  antnunt  uf  O  in  the  blood  ia  grvMet  ikttt  dM 
in  the  aimoi^phere  (  Thiry).     I'hc  blood  may  even  coniain  more  O  than  normal  ( j^fi^r). 

Heat  Dyspncea. — An  Increased  temperature  increases  the  activity  of  the  mprttofjr  cwif 
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(\  314,  IT,  3).  Thii  occurs  when  blood  warmer  than  natural  Hows  through  the  brain,  as  Fick  and 
.  Cold&t«in  observed  when  they  placed  the  exposed  carotids  in  warm  tubes,  su  as  to  heat  the  bloo<l 
pas&ing  through  them.  In  this  case  ihe  heaicd  btood  acts  directly  upon  ihe  brain,  (he  medulla  and 
the  cerebral  rcf^iratory  cenirci  (GaJ).  Direct  cooling  diminishes  the  excitabtliiy  (/-r^J^rifq). 
When  the  temperature  is  increase',  vigoroua  artificial  respiration  does  not  produce  apnuea,  a)(hou];h 
the  blood  is  highly  arterialized  [^At'Aermann).  Emetics  act  in  a  simitar  manner  [^Hermann  and 
Grimm). 

Electrical  stimulation  of  the  medulla  oblongata  scpnraied  from  the  brain  discharges  respiratory 
movements  [Kronecker  and  Sfiiri ini^id )^  or  increases  those  already  present.  Ijingemlnrff  found 
that  electrical,  mechanical  or  chemical  (salts}  stimulation  usually  caused  an  expiratory  effect,  while 
atimulation  of  the  cervical  spinal  cord  (subordinate  centre)  gave  an  inspiratory  efTecl.  According 
to  Laborde,  a  superticlal  lesion  in  the  region  of  the  calamus  scriptorius  causes  standstill  of  the 
rrspiration  for  a  few  minutes.  If  the  pcnphcrul  end  of  the  vagus  be  stimulated  so  as  to  arrest  the 
actioa  of  the  heart,  the  respirations  alM  cease  after  a  few  seconds.  Arrest  of  the  heart's  action 
causes  a  temporary  anxmia  of  the  medulla,  in  consci^ueuce  of  which  its  excitability  is  lowered,  so- 
thai  the  respirations  cea>e  for  a  time  [Langendorff ). 

Action  on  the  Centre. — The  respiratory  centre,  besides  being  capable  of 
being  stimulated  directly,  may  be  influenced  by  the  will,  and  also  refiexly  by 
stimulation  of  a  number  of  afferent  nerves. 

1.  By  a  voluntary  impulse  we  may  arrest  the  respiration  for  a  short  time, 
but  only  until  the  blood  oecomes  so  venous  as  to  excite  the  centre  to  increased 
action.  The  number  and  depth  of  the  respirations  may  be  voluntarily  increased 
for  a  long  time,  and  we  may  also  voluntarily  change  the  rhythm  of  respiration. 

2.  The  respiratory  centre  may  be  influenced  reflexly  both  by  fibres  which 
excite  it  to  increased  action  and  by  others  which  inhibit  its  action.  (^)  The 
exciting  fibres  lie  in  the  pulmonary  branches  of  the  vagus,  in  the  optic,  audi- 
tory and  sensory  cutaneous  nerves,  and  normally  their  action  overcomes  the 
action  of  the  inhibitory  fibres.  Thus  a  cold  bath  deepens  the  respirations,  and 
causes  a  moderate  acceleration  of  the  pulmonary  ventilation  {Speck). 

Section  of  both  vagi  causes  slower  and  deeper  respiratory  movements, 
owing  to  the  cutting  off  of  those  impulses  which  under  normal  conditions  pass 
from  the  lungs  to  excite  the  respirator}'  centre.  The  amount  of  air  taken  in 
and  COj  given  off,  however,  is  unchanged.  The  inspiratory  cfTorts  are  more 
vigorous  and  not  so  purposive  {Gad ).  Weak  tetanizing  currents  applied  to  the 
centra/ end  of  the  vagus  cause  acceleration  of  the  respirations  {Bud^e,  Eckhard)^ 
while  at  the  same  time  the  efforts  of  the  respiratory  muscles  may  be  increased  or 
diminished  or  remain  unchanged  (Gad),  5/rf«^  tetanizing  currents  cause  stand- 
still of  the  respiration  in  the  inspiratory  phase  {Traitbe)  or  expiratory  phase 
{BudgCf  Burkart).  Single  induction  shocks  have  no  effect  {Marckwaid  and  Kro- 
necker). 

Wcdenski  and  Hcidcnhain  have  recently  reinvestigated  the  effect  of  slimulatiun  of  the  vagus 
Upon  the  respiration.  They  find  that  ^  ttmp^rary  tfcak  electrical  aiimulus  applied  to  the  central 
end  of  the  vagus,  at  the  beginning  of  inspiration  i^rabbii).  affects  the  depth  of  the  succccdini; 
inspirations,  while  a  similar  strong  stimulus  affects  al^to  the  depth  of  the  following  exjjirations.  If 
the  stimulus  be  applied  just  at  the  commencement  of  expiration,  stronger  stimuli  being  re<julred  in 
this  case,  there  is  a  diminution  of  the  expiration  and  of  the  following  inspiration.  Voniinued  \.t\^x\\z 
Kimulaiion  of  the  vagus  may  cau&c  decrease  in  the  dej^th  of  the  expirations,  or  ut  (he  same  time 
Itenuion  m  the  depth  of  the  inspiraiiotts,  without  aiTeciing  the  respiratory  rhythm  ;  when  the  stimn* 
ition  x*'  itTon^er,  inspiration  and  expiration  are  diminished  witli  or  without  alteration  of  the  fre- 
Mcncy,  and  with  the  strengeit  itiniuii  respirations  cease  either  in  the  inspiratory  or  expiratory 
'ijhose. 

(^)  The  inhibitory  nerves  which  affect  the  respiratory  centre  lie  in  the  superior 
laryngeal  nerve  {Rosenthal \y  and  also  in  the  inferior  {PfiQger  and  Burkart,  Her- 
ingt  Breuer)  (Fig.  416,  />///). 

According  to  LangcndorfT,  direct  electrical,  mechanical,  or  chemical  stimulation  of  the  centre  nuy 
3rre»i  respiration,  perhaps  in  consequence  of  the  stimulus  affecting  the  central  ends  of  these  inhibi* 
tory  nerves  where  ihey  enter  the  ganglia  of  the  respiratory  centre. 

Stimulation  of  the  superior  or  inferior  laryngeal  nerves  {b)  or  their  central  ends 
causes  slowing,  and  even  arrest  of  the  respiration  (in  expiration — Rosenthal). 


690 


METHODS  OF  PERFORMING  ARTIFICIAL  RESPIRATION. 


Arrest  of  the  respiration  in  expiration  is  also  caused  by  stiniutation  of  the  naal 
{Hering  ami  Kratschmer)  and  ophthalmic  branches  of  the  trigeminus  (  Chnstiani) ; 
stimulation  of  the  pulmonary  branches  of  the  vagus  by  breathing  irritating  gases 
{Knoiij,  although  other  gases  cause  stand-still  in  inspiration.  Chemical  sliniula' 
tion  of  the  trunk  of  the  vagus — by  dilute  solutions  of  sodic  carbonate— catnct 
expiratory  inhibition  of  the  respiration  ;  and  mechanical  stimulation — rubbing 
with  a  glass  rod — inspiratory  inhibition  {A'fu?//').  The  stimulation  of  sensory 
cutaneous  nerves,  especially  of  the  chest  and  abdomen,  as  occurs  on  taking  a  cold 
douche,  and  stimulation  of  the  splanchnics,  cause  stand-still  in  expiration  iScAiff 
Fa/k),  the  first  cause  often  giving  rise  to  temporary  clonic  contractions  of  the  re- 
spiratory muscles.  The  respirations  are  often  slowed  to  a  very  great  extern  by 
pressure  upon  the  brain  [whether  the  pressure  be  due  to  a  depressed  fracture  or 
effusion  into  the  ventricles  and  subarachnoid  space].  The  respiration  Doay  be 
greatly  oppressed  and  stertorous. 

The  amcmnt  of  vrork  done  by  the  respiratory  muscles  is  altered  during  the  reAe«  slowing  of  the 
respiratory  muscles,  the  work  being  increased  rluring  si  iw  respiration,  owing  to  the  ineffectual  tn 
spiratory  clTorts  {Ctui).  The  volume  of  the  gases  which  [uuses  through  the  lungs  (lunng  a  gtvcn 
titnc  remains  unchanged  (  ValeHtin),  and  the  gaseous  exchanges  ore  not  altered  at  6ttt  (  '  &t/  amJ 

Automatic  Regulation  of  the  Respiratory  Centre. — Under  normal  ctr- 
cumsiaiices,  it  would  seem  that  the  jnilmonary  branches  of  the  vagus  act  upon  the 
two  respiratory  centres,  so  as  to  set  in  action  what  has  been  termed  the  sfif-adjusi' 
fi^  mechanism  ;  thtis,  the  inspiratory  dilatation  of  the  lungs  stimulates  mcchanv 
cally  the  fibres  which  reflexly  excite  the  expiratory  centres,  while  the  diminution 
of  the- lungs  during  expiration  excites  the  nerves  which  proceed  to  the  »ns/f$rai^ 
centre  [Hering  atui  Brruer), 

Discharge  of  the  First  Respiration. — The  fcetusis  in  an  apnocic  condition 
until  birth,  when  the  umbilical  cord  is  cut,  During  intra-uterine  life  O  is  freely 
supplied  to  it  by  the  activity  of  the  placenta.  All  conditions  which  interfere  vrith 
this  due  supply  of  O,  as  compression  of  the  umbilical  vessels  and  prolonged  labor 
pains,  cause  a  decrease  of  the  O  and  an  increase  of  the  CO,  in  the  blood,  so  that  the 
condition  of  the  fcetal  blood  is  so  altered  as  to  stimulate  the  respiratory  centre, 
and  thus  the  impulse  is  given  for  the  discharge  of  the  first  respiratory  niovctnent 
{Schwartz).  A  foilus  still  within  the  unopened  fatal  membranes  may  make  re- 
spiratory movements  {V€saiii4St  1342).  If  the  exchange  of  gases  be  interrupted 
to  a  suf^cient  extent,  dyspncea  and  ultimately  death  of  the  foetus  may  occur,  ll, 
however,  the  venous  condition  of  the  mother's  blood  develops  very  slowly,  u  in 
cases  of  ({uiet,  slow  death  of  the  mother,  the  medulla  oblongata  of  the  foetus  auy 
gradually  die  without  any  respiratory  movement  being  discharged  (§  324.  5). 

According  to  this  view,  the  respiratory  movements  are  due  to  the  direct  action  of  the  dytpiMric 
•  blood  upon  ihc  medulla  oblongata.  Death  of  the  mother  acts  like  compresMon  of  the  urat^ljcsl 
>Cord.  In  the  former  case,  the  matenial  venous  blood  robs  the  foetal  blood  of  hs  O,  so  that  death  of 
the  frrtus  occun  more  rapidly  \Zuntz).  If  the  mother  be  rapidly  pobooed  with  CO  ()  17 1.  (he  forttt* 
I  may  live  longer,  as  the  CO•lbUI^u^lolJin  of  the  maternal  blood  cannot  take  any  O  from  the  ffctai 
blood  {\  \(* ~ iiogyes).  In  slow  poisonlnK,  the  CO  passes  into  the  fcetal  blood  (  Grihani  and  Qmm- 
guanti). 

In  many  cases,  especially  in  cases  of  very  prolonged  labor,  the  excitability  of  the  respirilory  ccBlx« 
may  be  ao  diminished,  that  after  hinh  the  dyspnoric  condition  of  the  blood  alone  is  Dot  sufficieat  to 
excite  rcipiralion  in  a  normal  rhythmical  manner.     In  such  cases  tiimulatien  of  the  sJktn  alfto  acts, 
t,^.,  partly  by  the  cooling  produced  by  the  evaporaltun  of  the  amniotic  fluid  from  the  skto.    Wbcxi 
air  has  entered  the  lungs  by  the  tirsi  respiratory  movements  the  air  wiihtn  the  Inogs  also  cicilea  the 
pulmonary  branches  of  ihe  vagus  {P/iS,-rr),  and  thus  the  respiratnry  centre  it  idimulated  reActtyla 
increased  activity.     According  to  v.  Preuschen's  observations,  stimulation  of  the  cuuneoua  nervo 
is  more  effective  than  thai  of  the  pulmonary  branches  of  the  vagus.     In  animals  which  bam  bees 
rendered  apntsic  by  free  ventilation  of  their  lungs,  respiratory  movements  may  be  di»cluD]|ed  by 
strong  cutaneous  stimuli,  e.^..  dashing  un  of  cold  water.     The  mcchanic&l  stimuloiioo  of  Ibc  skis 
by  friction  or  sharp  blows,  or  the  application  of  a  cold  douche,  excites  the  respiratory  centre  (AW- 
ficial  Respiration,  {  134). 


I 


I 


I 


DIRECT   STIMULATION    OF    THE    CARDIO-INHIBITORY   CENTRE.      691 


[Action  of  Drugs  on  the  Respirmtory  Centre.— Ammonia,  salts  of  zinc  and  copper,  s(r>-chntn^ 
atropin,  dulioi&in,  apomorphin,  cmctin,  llic  digitalis  i^roiip,  and  heat  increa!>e  the  rapidity  and  depth 
of  the  respirations,  while  they  become  frequent  and  shallower  ofter  the  use  of  alcohol,  opiom, 
chloral,  chloroform,  phyitoiiiigmin.  The  excitability  of  the  centre  is  first  increased  and  then  d't. 
mioished  by  caffein,  nicotin,  quinine,  and  saponin  (jS/-i/«/oti).] 

369,-THE  CENTRE  FOR  THE  INHIBITORY  NERVES  OF 
THE  HEART— (CARDIO-INHIBITORY).— The  fibres  of  the  vagiis 
whicli  when  moderately  stiimilatcd  diminish  the  action  of  the  heart,  when  strongly 
stimulated,  however,  arrest  its  action  and  cause  it  to  stand  still  in  diastole  (§352,7), 
are  supplied  to  the  vagus  through  the  spinal  accessory  nerve  (§  353)1  and  have 
their  centre  in  the  medulla  oblongata. 

[Gaskell  has  shown  that  stimulation  of  the  vagus  not  only  influences  the  rhythm 
of  the  heart's  action,  Imt  it  modifies  the  other  functions  of  the  cardiac  muscle. 
Stimulation  of  the  vagus  influences — {a)  the  automatic  rhythm^  i.  €,,  the  rate 
at  which  the  heart  contracts  automatically;  {b)  the/(7/-frof  the  contractions,  more 
especially  the  auricles,  although  in  some  animals,  e.  g.^  the  tortoise,  the  ventricles 
are  not  affected  ;  Kc)  the  poiver  of  conduction,  i.  e.y  the  capacity  for  conducting 
the  muscular  contractions.  According  to  Gaskell,  the  vagus  acts  upon  the  rhyth- 
mical power  of  the  muscuUr  fibres  of  the  heart.] 

This  centre  may  be  excited  directly  in  the  medulla,  and  also  reflexly,  by 
stimulating  certain  afferent  nerves. 

Many  ubser\-er%  assume  that  ihis  centre  is  in  a  state  of  tonic  excitement,  ('.  e.,  (hat  there  is  a 
continuous,  unintemipted,  regulating  and  inhibitory  action  of  this  centre  upon  the  heart  through  the 
Gbrcs  of  the  vagus.  According  to  BerasteiD,  this  tome  excitement  is  caused  reflexly  through  the 
AMurainal  and  cervical  sympathetic. 

I  I.  Direct  Stimulation  of  the  Centre. — This  centre  may  be  stimulated 
directly  by  the  same  stimuli  that  act  upon  the  respiratory  centre.  {\)  Sudden 
iimemia  of  the  oblongata,  by  ligature  of  both  carotids,  both  subclavians,  or  decapi- 
tating a  rabbit,  the  vagi  alone  being  left  undivided,  causes  slowing  and  even 
temporary  arrest  of  the  action  of  the  heart.  (2)  Sudden  venous  hyperamia  acts  in 
a  similar  manner,  and  it  can  be  produced  by  ligaturing  all  the  veins  returning 
from  the  head  {Lamiois^  Hermann  and  Escher),  (3)  The  increased  venosity  of 
the  blood,  produced  either  by  direct  cessation  of  the  respirations  (rabbity  or  by 
forcing  into  the  lungs  a  quantity  of  air  containing  much  CO,  (  Traube),  As  the 
circulation  in  the  placenta  (the  respiratory  organ  of  the  fcelus)  is  interfered 
with  during  severe  labor,  this  sufficiently  explains  the  constant  enfeeblement  of 
the  action  of  the  heart  during  protracted  labor;  it  is  due  to  stimulation  of  the 
central  end  of  the  vagus  by  the  dyspnoeic  blood  (^5.  6".  Scbu/tze).  (4)  At  the 
moment  the  respiratory  centre  is  excited,  and  an  inspiration  occurs,  there  is  a 
variation  in  the  inhibitory  activity  of  the  cardiac  centre  {Domiers^  PflU^er^  Fr^- 
diricq — §  74,  (7,  4).  (5)  The  centre  is  excited  by  increased  hhod  pressure  within 
the  cerebral  arteries. 

II,  The  cardio-inhibitory  centre  may  be  excited  reflexly — (t)  By  stimulation 
of  sensory  nerves  {Loven,  Kratschmer).  (2)  By  stimulation  of  the  central  end  of 
one  vagus,  provided  the  other  vagu^i  is  intact  {v.  BezoUi^  Bonders,  Aubert  and 
Roever').  (3)  By  stimulation  of  the  sensory  nerves  of  the  intestines  by  tapping 
upon  the  belly  {.Goltz's  tapping  experiment;,  whereby  the  action  of  the  heart 
is  arrested.  Stimulation  of  the  splanchnic  directly  {Asp  and  Ludwig),  or  of  the 
abdominal  or  cervical  sympathetic  {^Bernstein],  produces  the  same  result.  Very 
strong  stimulation  of  sensory  nerves,  however,  arrests  the  above-named  reflex 
effects  upon  the  vagtjs  ('§361,  3). 

Tapping  Experiment.— Goliz's  experiment  succeeds  at  once  by  tapping  the  inicstinci  of  a  frog 
directly,  nay  with  the  handle  of  a  scalpel,  especially  if  the  intestine  ha»  been  cx|io»c(I  to  the  air  fur 
a  short  time,  lo  as  to  ttecome  in^amed  (  Tarihauoff\,  Stimulation  of  the  stumnch  of  the  dog  causes 
slowing  uf  the  heart  \icm  [Sii^.  Af ay fr  and  Pribram).  [M'Wiltiam  lindh  that  the  action  of  the 
heart  of  the  eel  may  be  arrested  reflexly  w.th  very  great  bcility.     The  reflex  inhibition  b  ob.aiiied* 
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by  slight  stimulaiion  of  ihe  giUs  (through  the  branchial  nerves),  the  skin  of  the  head  and  t«U  ttnA 
parietal  penionet)na»  by  severe  injury  of  almost  any  part  of  (he  animal  except  the  abdonim) 
organs.] 

[Effect  of  Swallowing  Fluids. —  Kronccker  has  shown  that  the  act  of  swallowing  inicrfcrta 
with  or  aboliithca  temporarily  Ihc  carriio-inhibiiory  action  of  the  vagus^  k)  thai  the  (lulsc  rale  is 
greatly  accelerated.  Merely  sipping  a  wiiicglassful  of  water  may  raise  the  rate  JO  per  cent.  Hcoce, 
sipping  cold  water  acts  as  a  powerful  cardiac  stimulant.] 

According  to  Bering,  the  excitability  of  the  cardio- inhibitory  centre  u  diminished  by  viKoRMi* 
artificial  ventilation  of  the  lungs  with  atmospheric  air.  At  the  same  time  there  is  a  conMiicnl4e 
UW  of  the  blood  pressure  {\  353,  8.  4).  In  man,  a  vigorous  expiration,  owing  to  the  iitcreaaad 
intra -pulmonary  pressure,  causes  an  acceleration  of  the  hcail  beat,  which  Sommert>n>di  ascribn  to 
a  diminution  of  the  activity  of  the  vagi.  At  the  same  time  the  activity  of  the  vasomotor  cenue  is 
diminiiihcd  (J, 60.  a). 

Stimulation  of  the  trunk  of  the  vagus  from  the  centre  downward »  along 
its  whole  course,  and  also  of  certain  of  its  cardiac  branches  [inferior  cardiac]^ 
causes  the  heart  cither  to  beat  more  slowly  or  arrests  its  action  in  diastole.  The 
result  depends  upon  the  stTenglh  of  the  stimulus  employed  ;  feeble  stimuli  slow 
the  action  of  the  heart,  while  strong  stimuli  anest  it  in  diastole.  The  frog's  hein 
may  be  arrested  by  stimulating  the  fibres  of  the  vagus  upon  the  sinus  venosui. 
If  strong  stimuli  be  applied  either  to  the  centre  or  to  the  course  of  the  nerve  for  a 
/orrg  /imr,  the  part  stimulated  becomes  /a/ij^^rJ,  and  the  heart  beats  more  rapidlf 
in  spite  of  the  continued  stimulation.  If  a  part  of  the  nerve  lying  nearer  the^ 
heart  be  stimulated,  inhibition  of  the  heart's  action  is  brought  about,  as  tbr 
stimulus  acts  upon  a  fresh  portion  of  nerve. 

llic  following  [>Dinls  have  also  been  ascertained  regarding  the  ttimulation  of  the  inhJt 
fibres:— 

1.  The  experiments  of  LQwit  on  the  frog's  heart,  confirtncd  liy  Ileidenhain,  showed  thai  tl 
and  chemical  stimulation  of  the  vagus  produces  ditfcrcnt  results  as  regards  the  extent  of  ihc  ns 
iricular  systolcj  as  well  as  the  number  of  heart  Iteats ;  the  contractions  either  liccome  smaller  m 
lest  frequent,  or  they  become  smallfcr  and  less  frequent  nmultaneously.  Strong  siirouti  caoM,  ia 
addition,  well-marked  relaxation  of  heart  muscle  during  diastole. 

2.  In  order  to  cause  inhibition  of  the  heart,  a  coNlinuvus  ^mulus  is  not  necessary. 

3.  Donders,  with  hrahl  and  N'Uel,  observed  that  arrest  of  the  bean's  action  did  not  lake  pho 
immediately  the  stimulus  wa&  applied  to  the  vagus,  l)ut  about  ^  of  a  secoitd— period  of  laUfil 
stimulation— elapsed  before  the  effect  was  produced  on  the  heart. 

A  rhythmicaUyinterrupted  moderate  stimulus  suffices  (c.  Bexi>lii)\  iS  10  20  stimuli  per  itcaiK) 
are  required  for  mammals,  and  2  to  3  per  second  for  cold-blooded  animals.  If  the  heart  be  antiuil 
by  stimulation  of  the  vagus,  it  can  still  contract,  if  it  be  excited  direaly,  e.g.,  by  pncking  it  "itb 
%  needle,  when  it  executes  a  sittf^U  contraction.  [  This  holds  good  only  for  sbme  animals,  r.  g^  Uv%, 
tortui^c,  birds  and  mammals.  In  fishes  only  the  vcntiicle  responds  to  stimnlation  during  marM 
inhibition;  in  the  newt  mdy  the  bulbus  arteriosus.  In  the  newt's  heart  tbe  siniu,  auricles  and  na- 
Iricle  are  alt  incxcitable  to  direct  stimulation  dunng  strong  inhibition.] 

5.  According  to  A.  B.  Meyer,  inliibiiary  fibres  arc  present  only  tn  the  rt^A/  vagus  in  tbe  tttfllc 
It  b  usually  stated  that  the  n^A/ vagus  is  more  effective  than  the  left  in  other  animals,  e.  g.,  rabia, 
{A/asoin,  ArlttHi;  atiJ  TripUr);  but  this  is  subject  to  many  exceptions  [LanJou  an^  i.a9gm- 
fiofff )'  [b>  the  newt  the  nghi  vagus  acts  more  readily  on  the  ventricle  than  on  the  otlicr  |iuuof 
the  heart ;  tlight  stimulation  of  the  right  vagus  can  arrest  the  ventricle,  while  the  sinus  and  ouficla 
go  on  beating.] 

6.  The  vagus  has  been  compressed  by  the  finger  in  neck  of  man  {jCtermak^  Criaratftp);  h«i  tfeb 
experiment  is  accompanied  by  danger,  and  ought  not  10  be  undertaken.  The  electrotonic  cooditioa 
of  the  vagus  is  stated  in  \  335,  III. 

7.  Scoiif  found  that  stimulation  of  the  vagus  of  the  frog  caused  acceleration  of  the  heart  bcM 
when  he  displaced  the  blood  of  the  heart  with  saline  solution.  If  blood  scrum  be  supplied  to  tbe 
heajt  the  vagus  regainb  its  inhibitory  action. 

8.  .Many  eoda  salts  in  a  proper  concentration  arrest  the  inhibitory  action  of  the  vagus,  while  pot- 
ash salts  restore  the  inhibitor}-  function  of  the  vagi  su^ij^ended  by  the  soda  salts.  If,  however,  tbe 
soda  or  potash  salts  act  too  long  upon  the  heart,  they  produce  a  condition  in  which,  after  the  lolnb- 
tory  function  of  the  vagi  \%  abolished,  ii  is  not  again  restotcU.  The  heart's  action  in  ifaia  onwlilkis 
is  usually  arh)*thmical  {Liwtl). 

9.  If  the  intracardial  pressure  be  greatly  increased,  so  as  lo  accelerate  greatly  the  CkrImc 
pulsations,  the   activity  of  the  vagus  is  correspondingly  diminished  {J.  M.  LutHtng  tm4  LmAnm- 

[DiCTcrences  in  Animals. — Perhaps  the  must  remarkable  fact  in  the  influence  of  the  vaguos 
the  eel's  hean  and  that  of  all  other  fishes  examined  19  that  vagus  stimulation  causes  the  tinoa  «d 
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aoncie  10  he  entirrly  inexdiable  to  direct  stimulation  during  stntng  inhibition.  Nerve  Mimulation 
hu,  ia  this  caw:,  the  very  peculiar  cH'tct  of  rendering  the  muscular  tissue  tcinporanly  incapable  of 
responding  to  even  the  strongest  direct  stimuli,  tr.^'..  powerful  induction  shocks.  This  would  appear 
to  be  decisive  evidence  tliat  the  va^^us  acts  on  muscle  directly,  and  nut  simply  on  automatic  raotnr 
ganglia,  as  wa*  held  according  ^^  t^*  **'<*  view. 

Poisons. — Afui^arin  stimulates  the  terminations  of  the  vaguA  in  the  heart,  and  causes  the  heart 
to  stand  still  in  diaMule  {Sehmiaieherg  ami  Koppe).  If  afropin  be  applied  in  solution  to  the  heart 
this  action  is  set  a^ide,  and  the  heart  hefrin^  tu1>eat  again.  .^/^Vu/in  diminishes  the  numlierof  hean 
beats  hy  stimulating  the  cardio-inhibitory  centre  (vagus)  in  the  medulla.  I^rge  doses  diminish  the 
excitaliitiiy  of  the  vagus  centre,  and  increase  at  the  aime  lime  the  accelerating  cardiac  ganglia,  »o 
that  the  liean  beats  are  thereby  increased.  In  small  dose;*,  digiialin  raises  tne  blood  pressure  by 
siimolating  ihe  vasomutnr  centre  and  the  elements  of  the  vx^cular  wall  (A7tr^').  Nitotin  tirst  excites 
the  vagus,  then  rapidly  panlyies  it.  HviirocyanU  a(ui\\)ks  the  saT.c  clfcct  (/*rcj/^»-).  Atropin  (f. 
BesDlJ  )  and  turara  (large  dose — CL  Bernard  aud  KoUiker)  (uralyze  the  vagi,  and  so  doc*  a  very 
low  temperature  or  high  fever. 

370.  THE  CENTRE  FOR  THE  ACCELERATING  CARDIAC 
NERVES  AND  THE  ACCELERATING  FIBRES.— Nervus  Ac- 
cclerans. — It  is  more  than  probable  that  a  centre  exists  in  the  medtilla  oblongata 
which  sends  accelerating  fibres  to  the  heart.  These  fibres  pass  from  tlie  medulla 
oblongata — but  from  which  part  thereof  has  not  been  exactly  ascertained — ihrotJgh 
the  .spinal  cord,  and  leave  the  cord  through  the  rami  communicantes  of  the  lower 
cervical  and  upper  six  dorsal  nerves  {Strieker),  to  pass  into  the  sympathetic  nerve. 
Some  of  these  fibres,  issuing  from  the  spinal  cord,  [jass  through  the  first  thoracic 
sympatHetic  ganglion  and  the  ring  of  Vieussens,  to  join  the  cardiac  plexus  (Figs. 
417,418).  [These  fibres,  issuing  from  the  spinal  cord, 
frequently  accompany  the  nerve  running  along  the 
vertebral  artery],  and  they  constitute  the  Nenms  ac- 
eeUrans  cordis.  [Fig.  418  shows  the  accelerator  fibres 
passing  through  the  ganglion  stcllatum  of  the  cat  to 
join  the  cardiac  plexus.]  If  the  vagi  of  an  animal  be 
divided,  stimulation  uf  the  medulla  oblongata,  of  the 
lower  end  of  the  divided  ceivical  spinal  cord,  even 
the  lower  cervical  ganj^lion,  or  of  the  tipper  dorsal 
ganglion  of  the  sympathetic  {,Gang.  steilaiutn) ,  causes 
acceleration  of  the  heart  beats  in  the  dog  and  rabbit 
without  the  blood  pres.sure  undergoing  any  change 
(C/.  Bernard^  v.  Behold.,  Cyoh), 

On  stimulating  the  medulla  oblongata  or  the  cervical  portion 
of  the  spinal  cord,  the  vasomotor  nerves  are,  of  course,  simultane- 
ously excited.  The  consequence  is  tlial  the  blood  vessels,  sup- 
plied by  viu^moior  nerves  from  the  spot  which  is  siimulnted,  con- 
tract, and  the  blood  pressure  is  greatly  increased.  Again,  a  sim- 
ile increase  uf  the  bloixl  pressure  accelerates  the  action  of  the 
heart;  this  experiment  noes  not  prove  directly  the  existence  of 
accelerating  fibres  lying  in  the  upper  part  ot  the  spinal  cord.  If, 
however,  the  splanchnic  nerves  be  divided  beforehand,  and,  as 
they  supply  the  largest  vasomotor  area  in  the  body,  the  result  of 
their  division  is  to  cau^e  a  great  fall  uf  the  blood  pressure,  then 
on  stimulating  the  above-named  parts,  after  this  operation,  the 
heart  t>eals  are  still  increased  in  numlier,  so  that  its  increase  can- 
nut  lie  due  to  the  increased  blood  pressure.  Indirectly  tt  may 
be  shown,  by  dividing  or  exiirjtaiing  all  the  nerves  of  the  cardiac 
plexus,  or  at  least  all  the  nerves  going  to  ihe  heart,  that  stimula- 
tion of  the  medulla  oblongata,  or  cer\'ical  part  of  the  spinal  cord, 
no  longrr  causes  an  increased  fretiuency  ol  the  heart's  action  to 
the  same  extent  as  tefurc  division  uf  these  nerves.  Tlic  slightly 
increased  freiiucncy  in  this  case  is  due  to  the  increased  bluoil 
pressure. 
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Scheme  of  ttie  cminc  of  the  nccete- 
raii«  finnm,  F,pon<(;  MO.  mediilla 
oblongata  ;  C^  ipliul  eorrf ;  V,  tn- 
hiliitory  centre  for  hcut ;  A,  dcccle- 
ran*  centre:  Vao.,  vagus;  SL,  »u- 
IHTJw.  JL,  infcriar  Uryngcal  ;  SC, 
•iiperior^  IC,  inferior  caitliac .  H, 
tioBrt  ;  L,  cerebral  itnpubtf;  S,  cer- 
vical sympathetic:  d, «,  accclenitui 
6bre«. 


The  accelerating  centre  is  certainly  not  continually 
in  a  state  of  hmic  excitement,  as  section  of  (he  accclerans  nerve  does  not  cause 
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slowing  of  !he  action  of  the  heart ;  the  same  is  tnie  of  destruction  of  the  medulla 
oblongata  or  of  the  cervical  spinal  cord.  In  the  latter  case  the  splanchnic  ncrrc* 
must  be  divided  beforehand  to  avoid  the  slowing  effect  on  the  action  of  the  heart 
produced  by  the  great  fall  of  the  blood  pressure  consequent  upon  destruction  of 
the  cord,  otherwise  we  mi^ht  be  ape  to  ascribe  the  result  to  the  action  of  the  ac- 
celerating  centre,  when  it  is  in  reality  due  to  the  diminished  blood  prcsore 
{^Brothers  Cyon). 

According  to  the  results  of  the  older  observers  (v.  Betoid  and  others)^  some 
accelerating  fibres  run  in  the  ctrvual  sympathetic.  A  few  fibres  pass  through  the 
vagus  to  reach  the  heart  (§  35J,  7),  and  when  they  are  stimulated  the  heart  beat 
is  accelerated  and  the  cardiac  contractions  strengthened  KHetdcnhaiu  and LMvit), 
The  inhibitory  fibres  of  the  vagus  lose  their  excitability  more  nsadily  than  the 
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Cardiac  pkJtu*,  ■«<!  P'"k)""' »'c"jnini  if  ilic  cjii.     K.njilit.  L.lrii  .■    i}-,  .  i,\»^\i\,  i'.< 
the  annuliM  of  Vi«iiM«n<  ;  3,  ciimmunk^iling  bntnche^  from  ihc  mklillc  ccrvu  al  g>>it^ 
latun;  a",  iIiotbcmt  tjrinpathcttc:   j,  m:urtcnt  liryngciil :   4,  dc|)re»»or   nerve;  j,   mxliiir   i.<rv 
Conmunlcaiion    between    s   >nd   ihv  vnguf  ;    6,  ganglion  Mctbtimi   (i«t   thnnu:ic  gafiglinn);    7, 
brmacttca  with  the  vagtu;  H,  nervu*  accclcnifM;  9,  V,  8",  roou  of  accclcraitt ,  9.  bfmndi  of  Ac  |p«i(Bo» 

accelerating  fibres,  but  the  vagus  fibres  are  more  excitable  than  those  of  tl 

accelerans. 

Modifying  Conditions. — When  the  pcnphcfal  end  of  the  nervms  atctterans  H  siimulMcd, 
considcTahle  time  elapses  l>cfori:  the  effect  u)>an  the  frequency  of  the  heart  taken  placr.  r.  /..  it 
a  long  laleni  i^eriod.     Futthrr  the  acceler.tiion  thus  produced  di*ftppear»  gradually.     If  ihe 
and  accelerans  Rbres  be  stimulated  simultaneously,  nnly  the  inhibiiory  action  nf  ibe  vagw 
manifested.      If,  while  ihe  aafleranx  i»  l>ein}j  stimulated,  the  vagas  be  xudilerlv  excited,  thtre  »  j 

prompt  diminution  in  the  number  of  the  heari  l^aii;  and  if  ihe  stimulation  cl  the  va^us  \%  »tep9^^^^'^' 
the  accelerating  effect  of  the  accelerans  i»  again  rapidly  manifested  f  C  LuJu^i-^  teUk  S^kmt    '  ^*' 

/iinvi/i/th,  /fast).     According  Ici  the  experiment*  of  Strieker  and  Wspncr  on  ilog«.  with  both 
divided,  a  diminuiinn  of  the  number  of  the  heart  beat*  occured  when  both  accelertniei  m^^'^ 
divided.     This  would  indicate  a  tonic  innervation  of  the  latter  nervea. 
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[Accelerans  in  the  Frog. — Gaskell  showed  that  stimulation  of  the  vagii<; 
might  produce  two  op]x>sing  efTecls  ;  the  one  of  the  nature  of  inhibition,  the  other 
of  augmentation.  In  the  crocodile,  the  accelerans  fibres  leave  the  sympathetic 
chain  at  the  large  ganglion  corresponding  to  the  ganglion  stellatum  of  the  dog, 
and  run  along  the  vertebral  artery  up  to  the  superior  vena  cava,  and  after  an  anas- 
tomosing with  branches  of  the  vagus,  pass  to  the  heart.  "Stimulation  of  these 
fibres  increases  the  ratf  of  the  cardiac  rhythm,  and  augments  x\\ti  force  of  auricular 
contractions  ;  while  stimulation  of  the  vagus  slows  the  rhythm,  and  diminishes 
the  strength  of  the  auricular  contractions."  The  stren^ih  of  the  ventricular  con- 
traction, both  in  the  tortoise  and  crocodile,  does  not  seem  to  be  influenced  by 
stimulation  of  the  vagus,  and  probably,  also,  it  is  unaffected  by  the  sym[)athetic. 
The  so-called  vagus  of  the  frog  in  reality  consists  of  pure  vagus  fibres  and  sym- 
])athetic  fibres,  and  is,  in  fact,  a  vago-sympathetic.  Gaskell  finds  that  stimulation 
of  the  sympathetic^  before  it  joins  the  combined  ganglion  of  the  sympathetic  and 
vagu?,  produces  purely  (tuffmentor  or  accelerating  effects  ;  while  stimulation  of  the 
vagus,  before  it  enters  the  ganglion,  produces  purely  inhibitory  effects.  The  two 
sets  of  fibres  are  quite  distinct,  so  that  in  the  frog  the  sympathetic  is  a  purely 
atigmentor  (accelerator),  and  the  vagus  a  purely  inhibitory  nerve.  Acceleration 
is  merely  one  of  the  effects  produced  by  stimulation  of  these  nerves,  so  thai  Gas- 
kell suggests  that  they  ought  to  be  called  *' augmentor,"  or  simply  cardiac 
sympathetic  nerves.] 

[In  his  more  leceni  researches  Gaskell  asserts  that  vagus  stimuUlion  producesyfn/  an  inhibitory 
or  depressiag  effect,  but  that  it  uUimalely  improves  the  condition  of  the  heart  as  regards  force,  rate 
or  regularity — one  or  all  of  these.     He  regards  it  as  a  true  anabolic  nerve  [\  342,  d).] 

371.  VASOMOTOR  CENTRE  AND  VASOMOTOR  NERVES.— 
Vasomotor  Centre.— The  thief  dominating  or  general  centre  which  sup- 
plies all  the  non-striped  muscles  of'the  arterial  system  with  tnoior  nerves 
(vasomotor,  vasoconstrictor,  vaso-hypirtonic  ner\'es)  lies  in  the  medulla  oblon- 
lEata,  at  a  point  which  contains  many  ganglionic  cells  {Luihoig  ami  Thin).  Those 
nerves  which  pass  to  the  blood  vessels  are  known  as  vasomotor  nerves.  The 
centre  (which  is  3  millimetres  long  and  iV^  millimetre  broad  in  ihe  rabbit), 
reaches  from  the  region  of  the  upper  part  of  the  floor  of  the  medulla  oblongata 
to  within  4  to  5  mm.  of  the  calamus  scriptorius.  Each  half  of  the  body  has  its 
own  centre  placed  2^j  millimetres  from  the  middle  line  on  its  own  side,  in  that 
part  of  the  medulla  oblongata  which  represents  the  upward  continuation  of  the 
lateral  columns  of  the  spinal  cord ;  according  to  Ludwig  and  Owsjannikow,  and 
Dittmar,  in  the  lower  part  of  the  superior  olives.  Stimulation  of  this  central 
area  causes  contraction  of  all  the  arteries,  and  in  consequence  there  is  great  in- 
crease of  the  arterial  blood  pressure,  resulting  in  swelling  of  the  veins  and  heart. 
Paralysis  of  this  centre  causes  relaxation  and  dilatation  of  all  tl)e  arteries,  and 
consequently  there  is  an  enormous  fall  of  the  blood  pressure.  Under  ordinary 
circumstances  the  vasomotor  centre  is  in  a  condition  of  moderate  tonic  excitement 
(S  j66j'  Just  as  in  the  case  of  the  cardiac  and  respiratory  centres  the  vasomotor 
centre  may  be  excited  directly  and  reflexly. 

[Position — How  Ascertained. — As  stimulation  of  the  central  tnd  of  a  sen- 
sory nerve,  e.^.,  the  sciatic,  in  an  animal  under  the  influence  of  curara,  causes  a 
rise  in  the  blood  pressure,  even  after  removal  of  the  cerebrum,  it  is  evident  that 
the  centre  is  not  in  the  cerebrum  itself.  By  making  a  series  of  sections  from  above 
downward,  it  is  found  that  this  reflex  effect  is  not  affected  until  a  short  distance 
above  the  medulla  oblongata  is  reached.  If  more  and  more  of  the  medulla  ob- 
longata be  removed  from  above  downward,  then  the  reflex  rise  of  the  blood  pressure 
becomes  less  and  less,  until,  when  the  section  is  made  4  to  5  mm.  above  the  calamus 
scriptorius,  the  effect  ceases  altogether.  This  is  taken  to  be  the  lower  limit  of  the 
genera/  vasomotor  centre.  The  bilateral  centre  corresponds  to  some  large  multi- 
polar  nerve  cells,  described  by  Clarke  as  the  anlero-lateral  nucleus.] 
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I.  Direct  Stimulation  of  the  Centre. — The  anumnt  and  quaiity  of  the 
gases  contained  in  the  blood  flowing  through  the  medulla  arc  of  primary  im[>ort- 
anre.  In  the  condition  of  apnoea  (§  368,  i)  the  centre  seems  to  be  very  slightly 
excited,  as  the  blood  pressure  undergoes  a  considerable  decrease.  When  the 
mixture  of  blood  gases  is  such  as  exists  under  normal  circumstances,  the  centre  is 
in  a  state  of  moderate  excitement,  and  running  parallel  with  the  respiratory  move* 
ments  are  variations  in  the  excitement  of  the  centre  (Traube-Hering  curves — 5  85), 
these  variations  being  indicated  by  the  rise  of  the  blood  pressure.  When  the 
blood  is  highly  venous,  produced  either  by  asphyxia  or  by  the  inspiration  of  air 
containing  a  large  amount  of  CO,,  the  centre  is  strongly  excited,  so  that  all  the 
arteries  of  the  body  contract,  while  the  venous  system  and  the  heart  become  dis* 
tended  with  blood  {Thiry).  At  the  same  time  the  velocity  of  the  blood  stream  is 
increased  {Heidenhain).  The  same  result  is  produced  by  sudden  anaemia  of  the 
oblongata  by  ligature  of  Iwth  the  carotid  and  subclavian  arteries  {Nawalichin, 
Sigm.  Mayer),  and  no  doubt,  also,  by  the  sudden  stagnation  of  the  blood  in  venous 
hyperaemia. 

Action  of  Poisons.— 5/rvr^ttm  stimulates  the  centre  directly,  even  in  curarized  dogs,  and  to 
do  nuviin  and  Oilithtir  bean. 

Bmptiness  of  the  Arteries  after  Death. — The  venosity  of  the  blood  which  occar*  srier  detib 
always  produces  an  energetic  stimulation  of  the  vasomotor  centre,  in  consequence  of  vtbich  Hie 
arteries  are  firmly  contracted.  The  blood  i<;  thereby  forced  toward  the  capillaries  and  vetnt,  t«d 
thu4  is  explained  the  "emptiness  of  the  artcrieii  after  death." 

Effect  on  Hemorrhage. — Blood  flows  much  more  freely  from  large  wound*  when  the  ?■»■ 
motor  centre  is  intact  than  if  it  be  destroyed  (frog).  As  pychical  excitement  undoutttedly  infioeBco 
the  %-asomotor  centre,  we  may  thus  explain  the  influence  of  )M>ychical  excitement  (speaking. etc  r 
upon  the  cessation  of  hemorrhage.  If  the  hemorrhaf^e  t>e  scvcrr,  stimulation  of  the  medulla  oblos- 
gata,  due  to  the  ann;mia,  may  ultimately  cause  cnniiiriction  of  the  ^mall  arteries  ^^id  ihu»  oircMthc 
bleeding.  Thus,  surgeons  arc  acquainted  with  the  fact  that  danr^eruuf  hcmorrhaKe  is  often  srraMl 
as  soon  as  unconsciousness,  due  to  cerebral  anxlnia.  occurs.  If  the  heart  be  ligatured  in  a  frog,  ill 
the  blood  is  ultimately  forced  into  the  veins,  and  this  result  is  also  due  to  the  anx-mic  stimulsboB  of 
the  oblongata  {GoU^.  In  mammals^  when  the  heart  b  ligatured,  the  ci|uilibration  of  the  blooA 
pressure  between  the  arterial  and  venous  system^  takes  place  more  slowly  when  the  medulla  otJa» 
gala  t>  de^lroyed  than  when  Ji  is  iniaci  {v,  Bm>U,  dcheidUH). 

[Effect  of  Destruction  of  the  Vasomotor  Centre. — If  two  frogs  be  pithed  and  ihetr  bcMD 
exposed,  auil  both  t>e  5U5)>ended,  then  the  hearts  of  both  will  be  found  to  beat  rhythmically  and  01 
with  blood.  Destroy  the  medulla  oblongata  arxl  spinal  cord  of  one  of  them,  then  immediately  io 
this  caic  the  heart,  although  continuing  to  beat  with  an  altered  rhythm,  ceases  to  tjc  Idled  widt 
blood ;  it  appears  collapsed,  pale,  and  bloodless.  There  is  a  great  accumulation  of  the  blooi  in  ibe 
alKlominal  organs  and  veins,  and  it  is  not  returned  to  the  heart,  so  that  th«  arteries  are  empty.  TMi 
experiment  of  Goltz  is  held  to  show  the  existence  of  venmti  /imui  depending  on  a  cerebro-S|iiaal 
centre.  If  a  limb  of  this  frog  be  amputated, (here  is  Utile  or  no  hemorrhage,  while  tn  the  other  6af 
the  hemorrhage  is  severe,     'fhc  bearing  of  this  experiment  on  conditions  of  "shock  "  is  crideaL] 

Direct  Electrical  Stimulation.— On  stimulating  the  centre  directly  in  animals.it  is  foofld  CM 
single  induction  shocks  only  become  cfTeciive  when  they  succeed  each  other  at  the  rate  of  3  to] 
shocks  per  second.  Thus  there  is  a  "summation"  of  the  single  shocks.  The  maximum  cootiK* 
lion  t)f  the  arteries,  as  expressed  by  the  maxmiuni  blood  pressure,  is  reached  when  10-12  /trimg,vt 
20-25  moderately  strung  shocks  jwr  second  are  applied  {^Kroneiker  and  Nicaiatdei). 

Course  of  the  Vasomotor  Nerves. — From  the  vasomotor  centre  some  fibres  proceed  dired)} 
through  some  of  the  cranial  nerves  to  their  area  of  distribution ;  through  the  trigemtniu  p*nly  Kt  tftc 
interior  of  the  eye  {\  547,  I.  2),  through  the  Ungual  and  hypoglossal  to  the  tun^iu  (}  347,  111,-41. 
through  the  vagus  to  a  limitecl  extent  to  the  inngj  {\  352,  S,  2),  and  to  the  intestines  (|  35i,  lit 
Ail  tttc  otlicr  vasomotor  nerves  descend  in  the  lateral  columns  of  the  spinal  cord  \\  364.  9);  bcMr 
stimulation  of  the  lower  cut  end  of  the  spinal  cord  causes  contraction  of  the  blood  vessels  svp^wd 
by  the  nerves  below  the  point  of  !»ection  ( Pjiiiger).  In  their  course  through  the  cord  these  ntao 
form  conncctioob  with  the  mbordinatt  x^uiomoier  tentra  in  the  gray  matter  of  rke  card  {\  361,  Jl, 
and  then  leave  the  cord  either  directly  through  the  anterior  roots  of  the  sfHnal  nerves  to  ihcir  ans> 
of  distribution,  or  they  pass  through  the  rami  communtcantes  into  the  sym|Nilhctic,  and  frtMn  the* 
reach  the  blood  ve*w:ls  to  which  they  are  distrilnited  (J  356). 

Cephalic  Vasomotors. — I'he  folio  <ving  is  the  arrangement  of  these  nervci  in  the  regkm  of  At 
head  :  The  eers'uai  portion  of  the  tympathrtic  supplies  the  great  majoritv  of  the  blood  vciaelic' 
the  head  (sec  Sympathetic,  \  356,  A,  3 — O.  Bernard).  In  some  animals  the  ,^retit  amruuUr  jwww 
supplies  a  few  vasomotor  fibres  to  its  own  area  of  distribution  ^Sckiff,  Ltmin,  Afttrtau]  The  vsm- 
motor  nerves  to  the  upper  extremities  pass  through  the  anterior  roots  of  lite  middle  docial  octms 
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into  the  ihoracic  sympathetic,  and  upward  to  the  1st  thoracic  ganglion,  and  from  thence  through  the 
rami  communicanieti  to  the  brachial  plexus  [Sihiff,  Cyon),  The  skin  nf  the  trunk  receives  its 
vasomotor  ner\'es  through  the  dorsal  and  lumbar  nerve*.  The  vasotnolor  ncr\'es  lu  the  lower  ex- 
Iremittes  jiass  through  the  nerves  of  the  lumbar  and  sacral  plexuses  into  the  sympathetic,  and 
from  thence  to  the  lower  limbs  {Pfi&ger^  Sckiff,  Ci.  B^rnatd).  The  lungs,  in  addiiinn  to  a  few 
fibres  through  the  vagus,  are  supplied  from  the  cervical  spina)  cord  throuj^h  the  i&l  thoracic  gan- 
[;lion  {^Bnm-n  i>ftjiMrd,  Fuk  ont/  Badoud,  Lkhtheim).  The  splanchnic  is  the  urt^til^-st  vasoroolor 
nerve  in  the  body,  and  supplies  ihe  abdominal  viscera  (g  356,  11 — BnaM,  Lutho'g  and  Cyan). 
The  vasomotor  nerves  of  the  liver  (J  171,  6),  kidney  {J  276),  and  spleen  fi  loj)  have  been 
referred  to  already.  According  to  Strieker,  most  of  the  vasomotor  nerves  leave  Ihe  spinal  cord 
tietwccn  the  5th  cervical  and  the  in  dorsal  vertebne.  [Uoskell  finds  that  in  the  dng  they  begin  to 
leave  the  cord  at  ihc  2d  dorsal  nerve  (if  366).] 

As  a  general  rule,  the  blood  vessels  of  the  trunk  and  extremities  are  innervated  from  ih-^se  nerves 
which  give  other  fibres  (^,^'.,  scnf^ory)  to  those  regions.  The  different  vascular  areas  behave  differ- 
ently with  regard  to  the  intensity  of  the  action  of  the  vasomotur  nerves.  The  most  pitwcrful  vaso- 
motor nerves  are  those  that  act  u[ion  the  blood  vessels  of  peripheral  parts,  c^.,  the  toes,  the  fingen 
and  cars;  while  those  that  act  upon  central  parts  seem  to  be  less  active  {Le%oas<k*7p),  e^.,  on  the 
pulmonic  circulation  (^  88). 

II.  RcBex  Stimulation  of  the  Centre. — There  are  fibres  contained  in  the 
different  afferent  nerves  whose  stimulation  affects  the  va.soinotor  centre.  There 
are  nerve  fibres  whose  stinitilation  excites  the  vasomotor  centre,  thus  causing  a 
stronger  contraction  of  the  arteries,  and  consequently  an  increase  of  the  arterial 
blood  pressure.  These  are  called  "pressor"  fibres.  Conversely,  there  are 
other  fibres  whose  stimulation  reflexly  dimini?ibes  the  excitability  of  the  vasomotor 
centre.  These  act  as  reflex  inhibitory  nerves  on  the  centre,  and  are  known  as 
**  depressor"  nerves. 

Pressor,  or  excito-vasomotor  nerves,  have  already  been  referred  lo  in  connec- 
tion with  tlie  superior  and  inferior  larynjjeal  nerves  (§  352,  12,  a) ;  in  the  trigem- 
inus, which,  when  stimulated  directly  (§  347)»  causes  a  pressor  action,  as  well 
as  when  stimulating  vapors  are  blown  into  the  nostrils  {/fering  and  Kraischmer)^ 
[The  rise  of  the  blood  pressure  in  this  case,  however,  is  accompanied  by  a  change 
in  the  character  of  the  heart's  beat  and  in  the  respirations.  Rutherford  has 
shown  that  in  the  r.ibbit  the  vapor  of  chloroform,  ether,  amylic  nitrite,  acetic 
acid  or  ammonia  held  before  the  nose  of  a  rabbit  greatly  retards  or  even  arrests 
the  heart's,  action,  and  the  same  is  true  if  the  nostrils  be  closed  by  the  hand. 
This  arrest  does  not  occur  if  the  trachea  be  opened,  and  Rutherford  regards  the 
result  as  due  not  to  the  stimulation  of  the  sensory  fibres  of  the  trigeminus,  but  to 
the  sfii/e  fl/ //if  fi/aod  tkct'ing  on  the  cardie-inhibitory  nerve  apparatus.]  Hubert 
and  Roever  found  pressor  fibres  in  the  cervical  sympathetic  ;  S.  Mayer  and  Prib- 
ram found  that  mechanical  stimulation  of  the  stomach,  es|>ecially  of  its  serosa, 
caused  pressor  effects  (^  352,  12,  c).  According  to  Lovftn,  the  ^rf/ effect  of 
stimulating  every  sensory  nerve  is  a  pressor  action. 

[If  a  dog  be  poisoned  with  cumta,  and  the  central  end  of  one  sciatic  nerve  be 
stimulated,  there  is  a  great  and  steady  rise  of  the  blood  pressure,  chiefly  owing  to 
the  contraction  of  the  abdominal  blood  vessels,  and  at  the  same  time  there  is  no 
change  in  the  heart  beat.  If,  however,  the  animal  be  poisoned  with  ckhrai, 
there  is  a  fall  of  the  blood  j^ressure  resembling  a  depressor  effect.] 

O.  Naurriann  found  that  weak  electric.1l  stimulaiion  of  the  skin  caused  at  first  contraction  of  Ihe 
blood  vessels,  especially  of  the  mesentery,  luni^  and  the  web.  with  simultaneous  excitement  uf  the 
cardiac  activity  and  acceleration  of  the  circulation  (frag).  Strong  stimuli,  however,  had  an  oppo- 
nle  effect,  t>. ,  a  depre&sor  effect,  with  simultaneous  decrease  nf  the  cardiac  activity.  The  applica- 
tion of  htat  and  cold  to  the  skin  prorluccs  rdlcxlv  a  change  in  the  lumen  of  the  blood  vessels  and 
in  Ihe  cardiac  activity  {iiohrig^  IVinttrHiti).  Pinching;  the  skin  causes  contraction  of  iht  vessels 
of  the  pia  mater  of  the  rabbit  {SchlilUr)^  and  the  same  result  vt-as  producc<l  by  a  warm  bath,  while 
cold  dilated  the  vessels.  These  resuhs  arc  due  partly  lo  pressor  and  partly  to  depressor  effects,  but 
the  chief  cause  of  the  dilatation  of  the  blood  vessels  is  the  increased  blood  pressure  due  to  the  cold 
constricting  the  cut.ineous  vessels.     Ileal,  of  cour^-e,  has  the  op[xisite  effect, 

Depressor  fibres,  ;.f.,  fibres  whose  stimulation  diminishes  the  activity  of  the 
vasomotor  ceotre,  are  present  in  many  nerves.     They  arc  specially  numerous  in 
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the  superior  cardiac  branch  of  the  vagus,  which  is  known  as  the  depresior  nem 
(§  353*  6).  The  trunk  of  the  vagus  below  the  latier  also  contains  dei>rc9jior 
fibres  {v.  Bctohi  ani  Dresch/eid)^  as  well  as  the  pulmonary  fibres  idog)  (  7*ajwv' 
icff).  The  latter  also  act  as  depressors  during  strong  expiratory  efforts  {§  74); 
while  Hering  found  that  inflating  the  lungs  (to  50  mm.  Hg  pressure)  caused  a  mi 
of  the  blood  pressure  (and  also  accelerated  the  heart  beats— §  369,  H).  Stima* 
lation  of  the  central  end  of  sensory  nerves,  especially  when  it  is  intense  and  long- 
continued,  causes  dilatation  of  the  blood  vessels  in  the  area  supplied  them  (Lvv^m). 
According  to  Litschenberger  and  Deahna,  all  sensory  nerves  contain  both  preasor 
and  depressor  fibres. 

[If  a  rabbit  be  poisoned  with  curara,  and  the  central  end  of  the  great  aaric- 
ular  nerve  be  stimulated,  there  is  a  double  effect — one  local  and  the  other 
general ;  rhe  blood  vessels  throughout  the  body,  but  especially  in  the  splanchnic 
area  contract,  so  that  there  is  a  general  rise  of  the  blood  pressure,  while  the  blood 
vessels  of  the  ear  are  dilated.  If  the  central  end  of  the  tibial  nerve  be  stimu- 
lated, there  is  a  rise  of  the  general  blood  pressure,  but  a  local  dilatanon  of  the 
saphena  artery  in  the  limb  of  that  side  {Lovin),  Again,  the  temperature  of  one 
hand  and  the  condition  of  its  blood  vessels  influences  that  of  the  other.  If  one 
hand  be  dipped  in  cold  water,  the  temperature  of  the  other  hand  falls.  Thus 
pressor  and  depressor  effects  may  be  obtained  from  the  same  nerve.  The  vaso- 
motor centre,  therefore,  primarily  regulates  the  condition  of  the  blood  vessels, 
but  through  them  it  obtains  its  importance  by  regulating  and  controlling  the 
blood  supply  according  to  the  needs  of  an  organ.] 

The  centra]  artery  of  a  rabbit's  car  contracts  regularly  and  rhythmicAlIy  3  to  5  titnrs  jicr  mtnou. 
ScliifT  observed  thai  sliniulalion  uf  scnsury  nerves  caused  a  dilatation  of  the  artery,  which  was  pre- 
ceded by  a  5lj(;ht  temporary  constriction. 

Depressor  etfects  are  produced  in  the  area  of  an  aitery  to  which  direct  premire  ii  applied,  aa 
occurs,  fur  example,  when  the  sphy^cno^^ph  is  applied  for  a  long  tim^— the  pulse  carves  bacocM 
larger,  and  there  are  signs  of  diminished  arterial  icn«on  {\  75). 

Rhythmical  Contraction  of  Arteries.— In  the  intact  body  slow  altcmniinf;  cnntr^ction  mA 
dtlatiition,  wiihoul  there  being  a  uniform  rhythm,  have  been  observed  in  the  attencft  of  the  ear  of 
the  rabbit,  the  membrane  of  a  bal'i  wing,  and  the  web  of  a  frog's  foot.  This  arrangement,  ol«eT%«»l 
by  .Schiff,  supplies  more  or  less  blood  to  the  parts  according  to  the  action  of  exierrul  ccmdilion*  It 
has  been  called  a  **  periodic  rrguhtory  muicuhr  mpvi'mfut" 

Direct  local  applications  may  intliicnce  the  lumen  of  the  blood  vcscls :  cold  and  mudcralc  vkc- 
trtcal  stimuli  cause  contraction ;  while,  conversely,  heat  and  strong  mechanical  or  electrical  ilimul* 
Cause  dilatation,  although  with  the  latter  two  there  is  usually  a  preliminary  oonstridion. 

Effect  on  Temperature. — The  vasomotor  nerves  influence  the  temperatarr, 

not  only  of  individual  parts,  but  of  the  whole  body. 

I.  Local  Effects. — Section  of  a  peripheral  vasomotor  nerve,  e.  g.^  the  cer- 
vical sympathetic,  is  followed  by  dilatation  of  the  blood  vessels  of  the  parts 
suppltcd  by  It  (such  as  the  ear  of  the  rabbit),  the  intra-arterial  pressure  dilating 
the  {>araly/ed  walls  of  the  vessels,  Much  arterial  blood,  therefore,  passes  into  and 
causes  a  congestion  and  redness  of  the  parts,  or  hyperemia,  while  at  the  same  time 
the  temperature  is  increased.  There  is  also  increased  transudation  through  the 
dilated  capillaries  within  the  dilated  areas  ;  the  velocity  of  the  blood  stream  is  of 
course  diminished,  and  the  blood  pressure  increased.  The  pulse  is  also  fell  more 
easily,  because  the  blood  vessels  are  dilated-  Owing  to  the  increase  of  blood 
stream,  the  blood  may  flow  from  the  veins  almost  arterial  (bright  red)  in  its  char- 
acters, and  the  pulse  may  even  he  propjigated  into  the  veins,  so  that  the  blood 
spouts  from  them  {CI.  Bernard).  Stimulation  of  the  periphend  end  of  a  vaso- 
motor nerve  causes  the  opi)osite  results — {xillor,  owing  to  contraction  of  the 
vessels,  diminished  transudation,  and  fall  of  the  temperature  on  the  surface.  The 
smaller  arteries  may  contract  so  much  that  their  lumen  is  almost  obliterated.  Con- 
tinued stimulation  ultimately  exhausts  the  nerve,  and  causes  at  the  same  time  the 
phenomena  of  paralysis  of  the  vascular  wall. 

Secondary  Results. — The  immediate  resulu  of  paralysis  of  the  vasomotor  nerves  lead  totthv 
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efTecis ;  the  paralyus  f>f  the  muscles  of  rhe  hlood  vessels  must  lead  to  congestion  of  the  Wrod  in  the 
part;  the  blood  moves  more  slowlv,  so  tlmt  (he  ]>arts  in  contact  with  Ihe  atr  cool  mon;  ea.«ily,  and 
hence  the  fir*t  sta^e  of  imr^itje  of  ihc  tcmiwraturc  may  l>e  followed  by  a  /a//  of  the  tem|>eniure. 
The  eat  of  a  rabbit  wiih  the  sympathetic  divided,  after  several  weeks  becomes  cooler  than  the  ear 
on  the  sound  one.  If  in  man  the  motor  muiicular  nerves.  a.s  well  as  the  vasomotur  Hbref,  are  para- 
lysed, then  the  puralyzed  limb  becomes  cooler,  because  the  paralyzed  muscles  no  longer  coniracl 
10  aid  in  the  production  of  heat  (j|  338),  and  also  becnuse  the  dilatation  of  the  musculnr  arteries, 
which  accom|>anies  a  muscular  contraction,  is  ab-cnt.  Should  atrophy  of  the  panilyied  muscles  set 
in  the  bl(K>d  ve^eU  also  become  smaller.  Hence  paralyzed  limbs  in  man  generally  become  cooler 
as  lime  goes  on.  The  /n'M^ry  effect,  however,  in  a  limb,  /.  y.,  after  section  of  the  scJntic  or  lesion 
of  the  brachial  plexus,  is  an  increase  uf  the  temi>eratiire. 

If,  at  the  same  time,  the  vasomotor  nerves  of  a  large  area  of  the  skin  be  par- 
alyzed, <•.  f.,  the  lower  half  of  the  body  after  section  of  the  spinal  cord,  then  so 
much  heat  is  given  off  from  the  dilated  bJood  vessels  that  either  the  warming  of 
the  skin  lasts  for  a  very  short  time  and  to  a  slight  degree,  or  there  may  be  cooling 
at  once.  Some  observers  ( luhetsikkhin^  Naunyn^  Quincke,  HcidfPthain,  Woaf) 
observed  a  rise  of  the  temperature  after  section  of  the  cervical  spinal  cord,  but 
Riegel  did  not  observe  this  increase. 

2.  Effect  on  the  Temperature  of  the  Whole  Body. — Stimnlation  or 
paralysis  of  the  vasomotor  nerves  of  a  jwrt//area  has  practically  no  effect  on  the 
general  temperature  of  the  body.  If,  however,  the  vasomotor  nerves  of  a  consider- 
abU  area  of  the  skin  be  suddenly  paralyzed,  then  the  temperature  of  the  entire 
body  falls,  liecause  more  heat  is  given  off  from  the  dilated  vessels  than  under 
normal  circumstances.  This  occurs  when  the  spinal  cord  is  divided  high  up  in 
the  neck.  The  inhalation  of  a  few  drops  of  amyl  nitrite,  which  dilates  the  blood 
vessels  of  the  skin,  causes  a  fall  of  the  temjwratnre  {Sassetzki  and  ManasseXn's. 
Conversely,  stimulation  of  the  vasomotor  nerves  of  a  large  area  increases  the  tem- 
perature, becaus*>  the  constricted  vessels  give  off  less  heat.  The  temperature  in 
fever  may  be  partly  exftlained  in  this  way  (§  220,  4). 

The  activity  of  the  heart,  /.  <•.,  the  number  and  energy  of  the  cardiac  con- 
tractions, is  influenced  by  the  condition  of  the  vasomotor  nerves.  When  a  large 
vasomotor  arua  is  paralyzed,  the  muscular  blood  channels  are  dilated,  so  that  the 
blood  does  not  flow  to  the  heart  at  the  usual  rate  and  in  the  usual  amount,  as  the 
pressure  is  considerably  diminished.  Hence  the  heart  executes  extremely  small 
and  low  contractions,  Strieker  even  observed  that  the  heart  of  a  dog  ceased  to 
beat  on  extirpating  the  spinal  cord  from  the  first  cervical  to  the  eighth  dorsal 
vertebra.  Conversely,  we  know  that  stimulation  of  a  large  vasomotor  area  by 
constricting  the  blood  vessels  raises  the  arterial  blood  pressure  considerably.  As 
the  arterial  pressure  affects  the  pressure  within  the  left  ventricle,  it  may  act  as  a 
mechanical  stimulus  to  the  cardiac  wall,  and  increase  the  cardiac  contractions  biith 
in  number  and  strength.  Hence,  the  circulation  is  accelerated  {Heidenhain^ 
S/a7yansky). 

Splanchnic. — l)y  far  the  largest  vasomotor  area  in  the  body  is  that  controlled  by  the  splanchnic 
nerves,  as  they  supply  (he  blood  vessels  of  the  alidnmcn  (\  l6t ) ;  hence  stimnlation  of  their  peri- 
pheial  ends  is  foUnwed  by  a  Efeat  rise  of  the  blood  pressure.  When  they  are  divided,  there  is  such 
a  fall  of  the  blood  pressure,  that  other  parts  of  the  bi>dy  become  more  or  k5<s  anxmic.  and  the 
animal  may  even  die  from  '*  Itcing  bled  into  its  own  belly."  Animals  whose  portal  vein  is  ligatured 
die  for  the  same  rca  on  ( C.  Lmvwi^  amf  THiry)^  [sec  \  87].  The  capidty  of  the  vascular  system, 
depending  as  it  does  in  part  upon  the  condition  of  the  vasomotor  nerves,  inrtuenccs  the  bojy  •ut^i^ht. 
Stimulation  of  certain  vascular  areas  may  cause  the  rapid  excretion  of  water,  and  we  may  thus 
account  in  part  for  the  diminution  of  the  liody  weight  which  has  been  sometimes  observed  after  an 
epileptic  attack  terminating  with  potyucia. 

Trophic  Disturbances  soinctimcs  occur  after  affections  of  the  vasomotor  nerves  ({  343,  I,  c\. 
Paralysis  of  the  vasomotor  nerves  not  only  causes  dilatation  of  the  hlcod  vessels  and  local  increase 
of  the  blood  pressure,  but  it  may  also  c»usc  increased  transudation  through  the  capillaries  ]\  303]. 
When  the  active  contraction  of  the  muscles  is  abolished,  at  the  same  time  the  hlood  stream  becomes 
•lower;  and  in  some  cases  the  skin  becomes  livid  owing  to  the  venous  ccnj-eMion.  There  b  a 
diminution  of  the  normal  transpiration,  and  the  epidermis  may  be  dry  and  peel  off  m  scales,  't  he 
growth  uf  the  tuir  and  nails  may  be  alTcclcd  by  the  congestion  of  blood,  and  other  tissues  may  also 
suffer. 
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Vasomotor  Centres  in  the  Spinal  Cord. — Besides  the  dominating  centre 
in  the  medulla  oblongata,  the  blood  vessels  are  acted  upon  by  locai  or  subonitnate 
vasomotor  cenires  in  the  spinal  cont^  as  is  proved  by  the  following  observaiiuni: 
If  the  spinal  cord  of  an  animal  be  divided,  then  all  the  blood  vessels  supplied  by 
vasomotor  nerves  below  the  )x>int  of  section  are  paralyzed,  as  the  vasomotor  tihres 
proceed  from  the  medulla  oblongata.  If  the  animal  lives,  the  blood  vessels  re- 
gain their  tone  and  their  former  calibre,  while  the  rhythmical  movements  of  their 
muscular  walls  are  ascribed  to  the  subordinate  centres  in  the  lower  [jart  of  the 
spinal  cord  i.  Lister,  Goittt  Vulpian — §  363,  7). 

These  fubonlinale  centres  may  also  he  influenced  rtfi^xiy,  after  (Icstraction  of  ihc  tnerlulU  Ob- 
longala  the  ancrics  of  the  frog's  web  still  contract  rcflexly  when  the  sciuory  nerves  of  the  hiod  kf 
arc  alimulaietl  i^Puinam,  Kuabaum,  V'utpian). 

If  DOW  the  lower  divided  part  of  the  cord  be  trushtii,  the  blood  vessels  a|;ain 
dilate,  owing  to  the  destruction  of  the  subordinate  centres.  In  animals  which 
survive  this  operation,  the  vessels  of  the  paralyzed  p;irts  gradually  recover  tlieir 
norma]  diameter  and  rhythmical  movemeni!*.  This  effect  is  ascribed  to  ^^i^h* 
which  are  supposed  to  exist  along  the  course  of  the  vessels.  These  ganglia  [or 
peripheral  nervous  mechanisms]  might  be  compared  to  the  ganglia  of  the  hearty 
and  seem  by  themselves  capable  of  sustaining  the  movements  of  the  vascular  walL 
Even  the  blood  vessels  of  an  excised  kidney  exhibit  periodic  variations  of  their 
calibre  (C  Luiiwig  and  Mosso).  It  is  important  to  observe  that  the  walls  of  the 
blood  vessels  contract  as  soon  as  the  blood  becomes  highly  venous.  Hence  the 
blood  vessels  offer  a  greater  resistance  to  the  passage  of  venous  than  to  the  anc> 
rial  blood  ( C.  Ludwig).  Nevertheless,  the  blood  vessels,  although  they  recoicr 
part  of  their  tone  and  mobility,  never  do  so  completely. 

The  eifccts  of  direct  mechanical,  chemical,  and  electrical  stimuli  on  blood  vesieU  may  be  due  to 
their  action  on  these  |>enpherxl  nervous  mechanisms.  The  arirrieK  may  contract  so  much  as  akpMi 
to  diMtppcar,  btit  somciimes  dilatation  fuHows  the  primary  stimulus. 

Lewaschr^w  found  ihat  limbs  in  which  the  vasomotor  fibres  bad  undergone  degenn  ncd 

like  truact  litnlis  to  variations  of  tcm{>eraturc  ;  h-at  relaxed  the  ve&seU,  and  cold  co;  il 

It  i«.  houTvcr,  doubtful  if  the  variations  of  the  vasctilar  lumen  depend  upon  the  i4iiiiiM.iii<in  <>i  ibt 
pcriphfrni  neivous  mechanisms.  Amyl  nitrite  and  digiulis  are  supposed  to  ad  on  those  hypothdkal 
mcchanismB. 

Tbe  puhislittf  vftHs  in  the  l>at*s  wing  still  continue  to  beat  after  section  of  all  ifaeir  octvca,  wbldi 
is  in  favor  of  the  existence  of  focal  nervoui  mechaniMns  {LuiAiinj^fy,  Sehiff). 

Influence  of  the  Cerebrum. — The  cerebrum  influences  the  vasomotor  ceotrr, 
as  is  proved  by  the  sudden  pallor  that  accom^winies  some  psychical  conditions, 
such  as  fright  or  terror.  There  is  a  centre  in  the  gray  matter  of  the  ccrebnia 
where  stimulation  causes  cooling  of  the  opposite  side  of  the  body. 

Although  there  is  one  general  vasomotor  centre  in  the  medulla  oblongata  whirh 
influences  all  the  blood  vessels  of  the  body,  it  is  really  a  complex  composite  centre, 
consisting  of  a  number  of  closely  aggregated  centres,  each  of  which  presides  over 
a  particular  vascular  area.  We  know  something  of  the  hepatic  (|  175)  and  rtmd 
centres  (§  276). 

Many  poisons  txiite  the  vasomotor  nerves,  !>uch  as  ergotin,  tannic  acid,  copaiba,  and  cnltcbs: 
nthers yfri/  fxdtf,  and  then  ptiralyu,  c.^;.,  chloral  hydrate,  mori)hia,  landtnostn.  vcratrin,  nicoiin. 
Calabar  tiean,  alcohol;  others  ta.pui\y  fiara/y£^  them,  r.^.,  amyl  nitrite,  CO  ()  17},  stmpin.  nav 
carin.     l*he  paralytic  action  of  (he  poison  is  proved  by  the  fact  that,  after  section  of  the  vagt  and 


accelerantcf,  neither  the  prcs5or  nor  the  depressor  nerve*,  when  stimnlaled. 
Many  patholt^rcal  conditions  affect  the  vasomotor  nerves. 


ffodttce  any  cffeo. 


The  veins  are  also   influenced  by  vasomotor  nerves  ( GW/i).  and  so  are  the 
lymphatics,  but  we  know  very  little  about  this  condition. 


Pathological. — The  a ngio- neuroses,  or  nervous  affections  of  blood  vesscb.  form  a 
port.int  Cf'up  of  diseases.  'I'he  parts  primarily  affected  may  be  either  the  peripheral  nennm 
Riechani<im5.  the  sultoniinnie  centres  in  the  cord,  the  d'tminalin^  centre  in  the  medulla,  of  iNc  ff»f 
matter  of  ibc  cerebrum.  The  effect  may  l>e  direct  or  rcdex.  The  dilatation  of  the  «csmI*  a«| 
also  be  due  to  utmulation  of  %aso  dilator  nerves,  and  the  physician  muai  Ik  careful  to  Uisiioc)uib 
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whether  the  result  is  due  to  psralyais  of  the  vasa< constrictor  nerves  or  slimnlition  of  the  vuo-(3iUtor 

fibres. 

Angfio-neuroses  of  the  skin  occur  in  affections  of  the  vanomoior  nenm,  either  as  a  diffuse 
redneiui  or  pallor;  or  there  may  be  circumscribed  affections.  Sometimes,  owing  to  the  stimula- 
tion of  individual  vasomotor  nerves,  there  are  lix:al  cutaneous  anfrio  sjMsms  {Notknagri).  In 
certain  acute  febrile  attacks— after  previous  initial  violent  siimiilaiion  of  the  vasomotor  nerves, 
efpccially  during  the  cold  stage  of  fever — there  may  be  different  forms  of  paralytic  phenomena  of 
the  cutaneous  vessels.  In  ivomc  cases  of  epilepsy  in  man,  Trouueau  observed  irregular,  red,  angio- 
paralytic  patches  (taches  CL-rt^brales  j.  Continued  strong  simulation  may  lead  Id  interruption  of 
the  circulation,  which  may  result  in  gangrene  of  the  sliin  ( iVeht)  and  deeper-seated  parts. 

Hemicrania.  due  to  unilateral  spa^m  of  the  branches  nf  the  carotid  on  the  head,  is  accompanied 
by  severe  headache  [Du  Bois-ftryftonii).  'IKe  cervical  symi>athetic  nerve  is  intensely  stimulated ; 
a  pale,  collapsed  and  cool  side  of  the  face,  contraction  of  the  temporal  artery  like  a  firm  whipcord, 
dilatation  of  the  pupil,  secretion  of  [hick  saliva  are  sure  signs  of  this  affection.  This  form  may  be 
followed  by  the  opposite  condition  of  paralysis  of  the  cervical  syropalhelic,  where  the  efiects  are 
reversed.     Sometimes  the  two  conditions  may  aliemaie. 

Basedow's  disease  is  a  remarkable  condition,  in  which  the  vasomotor  nerves  are  concerned  ; 
the  heart  beats  very  rjpidly  (90  to  120  to  200  beats  per  minute),  causing  palpitation;  there  is 
bwelliog  of  the  thyroid  gland  (struma)  and  projection  of  the  eyeballs  (exophthalmos  1,  with 
imperfectly  coordinated  movements  of  the  upper  eyelid,  whereby  the  plane  of  vision  is  raised  or 
lowered.  Perhaps  in  this  rliscase  we  have  to  deal  with  a  simultaneous  stimulation  of  the  accelerans 
cordis  (\  370),  the  motor  fibres  of  Milller's  muscles  of  the  orbit  and  eyelids  (5  347,  II,  as  well  as 
of  the  vaso-ditators  of  the  thyroid  gland.  The  disease  may  be  due  to  direct  stimulation  of  the 
sympathetic  channels  or  their  spinal  origins,  or  it  may  be  referred  to  some  reflex  cause.  It  has 
also  been  explained,  however,  thus,  that  the  exophihalmus  and  struma  are  the  consequence 
of  vasomotor  paralysis,  which  results  in  enlargement  of  the  blood  vessels,  while  the  increased 
cardiac  action  is  a  sign  of  the  diminiiihed  or  arrested  inhibitory  action  of  the  vagus.  All 
these  phenomena  may  be  caused,  according  to  Kilchne,  by  injury  to  the  upper  port  of  both 
restiform  bodies  in  rabbits. 

Visceral  Angio-neuroses. — The  occurrence  of  sudden  hyperwmta  with  transudations  and 
ccchymoses  in  some  thoracic  or  alxlominal  orgam  may  have  a  neurotic  basis.  As  already  men- 
tiotied,  mjury  to  the  pons,  corpus  striatum  and  optic  thalamus  may  give  rise  to  hypenemia,  and 
ecchymoses  in  the  lungs,  pleura:,  intestines  and  kidneys.  According  to  BrowD-S6quard,  compression 
or  section  of  one-half  of  the  pons  causes  ccchymoses, especially  in  the  lung  of  the  opixjsiic  side; 
be  also  observed  ecchymoses  in  the  renal  capsule  after  injury  of  the  luml>ar  portiun  01  the  spinal 
cord  (}  379). 

The  dependence  of  diabetes  mellitus  upon  injury  to  the  vasomotor  nerves  is  referred  to  in 
\  175;  the  action  of  the  vasomotor  nerves  on  the  accretion  of  urine  in  $276;  and  fever  in 
\  220. 

372.  VASO  -  DILATOR  CENTRE  AND  VASO  -  DILATOR 
NERVES. — .-Mthough  a  vaso-dilator  centre  has  not  been  definitely  proved 
to  exist  in  the  medulla,  still  its  existence  there  has  been  surmised.  Its  action  is 
opposite  to  that  of  the  vasomotor  centre.  The  centre  is  certainly  not  in  a  con- 
tinuous or  tonic  stale  of  excitement.  The  vaso-dilator  nerves  behave  in  their 
functions  similarly  to  the  cardiac  branches  of  the  vagus  ;  both,  when  stimulated, 
cause  relaxation  and  rest  {Si-hiff,  CI.  Bernard^  [They  are  not  paralyzed,  how- 
ever, by  a  large  dose  of  atropin.]  Hence,  these  nerves  have  been  called  vaso- 
irUiibitory,  vaso-hypotonic  or  vaso-dilator  nerves. 

The  existence  of  vasodilator  nerves  is  assumed  in  accordance  with  such  facts  as 
the  following;  If  the  chorda  tympani  be  divided,  there  is  no  change  in  the 
blood  vessels  of  the  sub-maxillary  gland  ;  but  if  its  peripiural  end  be  stimulated, 
in  addition  to  other  results  (^  145),  there  is  dilatation  of  the  blood  vessels  of  the 
sub-maxillary  glands,  so  that  its  veins  discharge  bright  florid  blood,  while  they 
spout  like  an  artery.  Similarly,  if  the  nei^ri  erigentes  be  divided,  there  is  no 
effect  on  the  blood  vessels  of  the  jscnis  (^  362,  4) ;  but  if  their/rr///rrrdr/ends  be 
stimulated  with  Faradic  electricity,  the  sinuses  of  the  corpora  cavernosa  dilate, 
become  filled  with  blood,  and  erection  takes  place  (§  436).  [Other  examples  in 
muscle  and  elsewhere  are  referred  to  below.] 

Dyspmtic  blood  stimulates  this  centre  as  well  as  the  vasomotor  centre,  so  that 
the  cutaneous  vessels  arc  dilated,  while  simultaneously  the  vessels  of  the  internal 
organs  are  contracted  and  the  organs  anaemic,  owing  to  the  stimulation  of  their 
vasomotor  centre  {^Dastr€  ami  Moral). 
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Course  of  the  VftBO-dilator  Nervea.— To  foroe  or^ns  they  pass  as  special  nervci;  lo  othrf 

DArls  of  the  body,  however,  they  proceed  along  with  the  vasomotor  and  other  nervea.  According  to 
UusXn  and  Nfnrnt,  ihc  vaso-dilator  nerves  for  the  bucco-labtal  region  (dog)  p&M  out  from  the 
curd  I'y  the  ut  to  the  5ih  dorsal  nerves,  and  go  through  the  rami  cutiimufitcantes  toto  the  ayiBi»' 
ihetic,  then  to  the  superior  cervical  ganglion,  and,  lastly,  through  the  carotid  and  inter  carotid  pltstu 
into  the  trigeminus.  [The  Hbrcs  occur  in  the  jto^terior  segment  of  the  ring  of  Vieussens.  and  if  tbcy 
be  stimulated  there  is  dilaiatbn  of  the  \e«cU  in  the  lip  and  cheek  on  thai  &ide  (p.  652).)  The 
maxillary  branch  <^  the  trigeminus,  however,  also  contains  vaso  dilator  r'lbres  proper  lo 
ILaffoHt).  In  the  gray  matter  of  the  cord  ihcre  1^  a  S)>ccial  subordinate  centre  for  the  * 
bbres  of  the  bucco-Ubial  region.  This  centre  may  he  acted  on  rcllcxly  by  stimulation  of  the 
esfiecially  its  pulmoaary  branches,  and  even  by  siimutaiing  the  sciatic  nerve.  The  e«r  receives  its 
nerves  from  the  ist  dor^l  and  lowest  cervical  giingli.>n.  the  upper  limb  frum  the  thoracic  pornoa. 
and  the  lower  limb  from  the  abdominal  pnrtion  of  the  syinpoithetic.  The  voso  dilator  tibm  rw« 
to  the  sub -maxillar)'  and  sub.|ingual  glands  in  the  chorda  tympani  ({  349,  41,  while  those  fior  iW 
posterior  pan  of  the  lon^e  run  in  the  glosso.pharyngeal  neive  ($  351,  4— Iw^iViMh  PerliaiM 
ihe  vagus  contains  those  for  the  kidneys  ($  276).  SfiMu/nfion  of  the  nervt  ericentca  pro- 
ceeding from  the  sacral  plexus  causes  dilatation  of  the  arteries  of  the  penis,  lo^ctlier  wslh  oon* 
gestion  of  the  corpora  cavernosa  ($  436)  {^Eckhard,  Lik-^h).  Eckhard  found  that  crecttos  of  lilt 
p:nis  can  l>c  produced  by  stimulation  of  the  spinal  cord  and  of  the  pons  as  far  as  the  pedandtt, 
which  may  explain  the  {^enomenon  of  priapism  in  connectton  with  pathological  trritaliooa  in  theK 
n^ions. 

The  musclea  receive  their  vaso.dilator  Bbres  for  their  vessels  through  the  trunks  of  the  bmcdc 
nerves.  Sfimu/niion  of  n  motor  nerve  or  the  spinal  cord  causes  not  only  cuntmction  of  the  corre- 
•ponding  muscles,  but  also  dilatation  of  iheir  blood  vessels  ({  294,  II — C.  Luihvig  amJ  Smiktm, 
tiofii,  Gdikili.  Heidtnkain) — the  dilatation  of  the  vessels  taking  place  even  when  ihe  miuclc  U 
prevented  from  shortening.  [Ga&kcU  observed  under  the  microscupc  the  dilatation  prodisccd  ky 
stimulation  of  the  nerve  to  the  mylo.hyoid  muKle  of  the  frog.]  Ciollz  showed  that  in  the  ncrvts 
to  the  limbs, /.^.,  in  the  sciatic  nerve,  the  vasomotor  and  vaso-dilator  fibres  occur  in  the  same  ncnc 
If  the  peripheral  end  of  this  nerve  be  stimuUtcd.  immediately  after  it  is  divided,  the  action  of  iW 
vasoconstrictor  fibres  overcomes  that  of  the  dilators.  If  the  peripheral  end  )>e  siimulaied  Mrvcral 
days  after  the  section,  when  the  vaso- constrictors  have  lost  their  excitabiliiy.  the  blood  vcM^fe  dilrta 
under  the  action  of  the  vasodilator  fibres.  Ntimuli,  which  arc  applied  at  long  intenrats  lo  the  nurw, 
act  especially  on  the  vasodilator  fibres;  while  tecanizing  stimuli  act  on  the  vasomotors.  Tlte  sciiiic 
ucrve  receives  both  kinds  of  fibres  from  the  sympathetic.  It  is  as&umed  that  the  peripheral  nervoH 
mechanisms  in  cuunection  with  the  blood  vessels  are  influenced  by  both  kinds  of  vascular  nerves; 
the  vasomotors  (constrictors)  increa.^,  while  the  vosii  dilators  diminish,  the  activity  of  thoe  isecfa- 
anisms  or  ganglia.  Psychtciii  conditions  act  upon  the  vasodilator  nerves;  the  blush  uf  Mhomc. 
which  is  not  confined  to  the  face,  but  may  even  extend  over  the  whole  skin,  n  probably  due  to  MiaH 
ulolion  of  the  vaso  dilator  centre. 

Influence  on  Temperature. — The  vaso-dilator  nerves  obviously  have  a  considerable  irUloctice 
On  the  temperafure  of  the  body  and  on  the  heat  of  the  individual  parts  of  the  body.  Botk  wc«t«r 
centres  must  act  as  im])onant  regulatory  mechanisms  for  the  radiation  01  heal  through  the  coianeow 
vctaeU  (\  214,  II).  Probably  they  are  kept  in  aaivity  reflcxiy  by  sensory  nerves.  r>u«arbanccs  ia 
their  function  may  lead  to  an  sbnormal  accumulation  of  heal,  as  in  fever  i )  220),  or  lo  abnaraul 
cooling  \\  213,  71.  Some  oliscrvcrs,  however,  auume  the  exigence  of  an  intra  crantsl  "he*l-rcfU- 
lating  centre  "  (  Tichetahichin^  Naunyn,  Qumcie],  whose  &ituafion  is  unknown.  According  to 
Wood,  separation  of  the  medulla  oblongata  from  the  pons  causes  an  increased  radiation  and  a  ^ 
minished  production  of  heat,  due  to  the  cutting  ofTof  the  influences  from  the  heatregvlaiing 
(U77). 

373.  THE  SPASM  CENTRE— THE  SWEAT  CENTRE,— Spawn 
Centre. — In  the  mtrdulla  oblongata,  just  where  it  joins  the  j>ons,  there  is  a  cen- 
tre whose  stimulation  qaxx^x%  genera/  spasms.  The  centre  tnay  be  excilcU  by  sod* 
dcniy  producing  a  highly  venotis  condition  of  the  btood  ("asphyxia  spastns,"  i& 
cases  of  drowning  in  roainnials,  but  not  in  frogs)  by  sudden  anxmia  of  the  medutU 
oblongata^  either  in  consequence  of  hetnorrhage  or  ligature  of  both  carotids  aiui 
subclavians  {Kussmaut  and  Tenner)^  and,  lastly,  by  sudden  venous  stagnation  causetl 
by  compressing  the  veins  coming  from  the  head.  In  all  these  cases  the  stimuU^ 
tion  of  the  centre  is  due  to  the  sudden  interruption  of  the  normal  exchange  of 
the  gases.  When  these  factors  act  quite  gradually,  death  may  take  place  withool 
convulsions.  Intense  direct  stimulation  of  the  medulla,  as  by  its  sudden  dcstrac 
tion,  causes  general  convulsions. 

Position.— Nnthn-igel  attempted  by  direct  sttmalatioD  to  map  out  iu  position  in  rabbits;  iin* 
teoda  from  the  area  above  the  ala  cincrea  upward  lu  the  corpora  quadrigemina.     It  U  Umiwd  asav* 
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nally  by  the  locus  ccerulcus  an<l  the  tuberculum  acusticum.  In  the  frog  il  He*  in  the  U>wer  half  of 
the  4th  vcmricle  {l/iubel).  The  centre  is  affected  in  extensive  reflex  spoun*  {\  364,  6).^^-,  in 
poikoning  with  strychnin  and    in  hydmphobia. 

Poisons. — Many  inorganic  and  organic  poisons,  moiil  cardiac  poisons,  nicotin,  picrotoxin,  ammo- 
nia W  277).  and  the  compounds  of  baruim.  cause  death  after  producing  convulsions,  by  acting  on 
(he  xp-osm  centre  [Aiber^  //euhfl,  Bohm). 

H  the  arteries  going  to  the  brain  be  ligatured  so  as  to  paralyze  the  oblongata,  then  00  ligaturing 
the  alxlominal  aonnsposms  of  the  lower  limbs  occur,  owing  to  the  aniemic  stimulation  of  the  motor 
ganglia  of  ihc  spinal  corl  {Sti^m.  Afaytr). 

Pathological— Epilepsy. — Schr5der  van  der  Kulk  found  the  blood  veaselsof  the  oblongata  dilated 
and  increased  in  cases  of  epilepsy.  Brown  S^quard  observed  that  injury  to  the  central  ',f  peripheral 
nervous  s^'stcm  (spmal  cnrd,  oblongata,  peduncle,  corpora  quadrigemma.  sciatic  nerve)  of  guinea 
pigs  produced  cplepsy,  and  th'n  condition  even  became  htreditary.  Stimulation  of  the  cheek  or 
ol  the  foce,  "  epileptic  zone,"  on  the  same  side  as  the  injury  (spinal  cord),  caused  at  once  an  at* 
tack  of  epilepsy ;  but  when  the  peduncle  was  injured  the  opposite  side  must  be  Minmlaled.  Weat- 
phal  made  gumea  pigs  epileptic  by  repralcd  light  blows  on  the  skull,  and  this  condiiion  also  became 
hereditary.  In  these  cases  there  was  etfusion  of  blood  in  the  medulla  ablongatn  and  upper  part  of 
Ihc  spinal  cord  {\\  375  and  37S,  1).  Direct  stimulation  of  the  cerebrum  also  produces  epileptic 
convulsions.  Strong  eleciricnl  stimulation  of  the  motor  areas  of  the  cortex  c'rebri  is  often  followed 
by  an  epileptic  attack  \\  3751.  [It  is  no  unfrequent  occurrence  that,  while  one  is  stimuliiting  the 
motor  areas  of  the  curtex  cerebri  of  a  dog,  to  find  the  animal  exhibiting  symptoms  of  local  or  general 
epilepsy.] 

SiAreat  Centre. — A  dominating  centre  for  the  secretion  of  the  sweat  of  the 
entire  surface  of  the  body  (j;  2S9,  II; — with  sitbordinate  spinal  centres  (§  362,  8) 
— occurs  in  the  medulla  oblongata  {^Adamkiewicz^  Afarmi,  NaUTOcki).  It  is 
double,  and  in  r^ire  cases  the  excitability  is  unequal  on  the  two  sides,  as  is  mani- 
fested by  unilateral  perspiration  (§  289,  2). 

Poisons. — Calabar  bean,  nicotin,  picrotoxin,  camphor,  ammonium  acetate,  cause  a  secretion  of 
sweat,  by  acting  directly  on  the  sweat  centre.  .Muscarin  cause*  local  stimulation  of  the  peripheral 
sweat  fitires— it  causes  sweating  of  ihe  hind  limbs  after  section  of  the  sciatic  nerves.  Atropin  ar. 
rests  ihc  acLion  of  muscinn  [Ott^  iy,iod,  J-'ielii,  jVawrocki). 

[Regeneration  of  the  Spinal  Cord  — In  some  animali  true  nervous  matter  is  reproduced  afier 
part  o(  the  spinal  cord  h.-is  bvtn  dcnuoyed,  at  least  this  is  so  in  tritons  and  lizards  (//.  Muller).  As 
is  well  known,  in  these  animals  when  the  tail  is  removed  it  is  reproduced,  and  .MUller  found  that  a 
part  of  the  spinal  cord  corresponding  to  the  new  part  of  the  tail  is  reproduced.  Morpholngicalty  the 
elemenui  were  the  same,  but  the  spinal  nerves  were  not  reproduced,  while  physiologically  the  new 
nerve  substance  was  not  functionally  active ;  it  corresponds,  as  it  were,  to  a  lower  stage  of  develop- 
ment. Acconling  to  Masiusand  Vaniair,  an  excised  portion  of  the  spmal  cord  of  a  frog  is  repro- 
duced after  SIX  months  ;  while  l)rown-S6quard  maintains  that  reunion  of  the  divided  surfaces  of  the 
cord  ukes  place  in  pigeons  after  six  to  fifteen  months.  A  {lartial  reunion  is  asserted  to  occur  in  dogs 
by  Dentan,  Nnunyn,  and  Kichhorst.  although  Schicfcrdcckcr  obtained  otily  negative  results^  the 
divided  ends  Iwing  united  only  by  connective  li'tsuc  {S<hwatbe).\ 

374.  PSYCHICAL  FUNCTIONS  OP  THE  BRAIN.— The  hemi- 
sptiercs  of  the  cerebrum  are  usually  said  to  be  the  seat  ofallthepsychiealactiviiies. 
Only  when  they  are  intact  arc  the  processes  of  thinking,  feeling,  and  willing  pos- 
sible. After  they  are  destroyed,  the  organism  comes  to  be  like  a  complicated 
machine,  and  its  whole  activity  is  only  the  e.xpression  of  the  external  and  internal 
stimuli  which  act  upon  it.  The  psychical  activities  appear  to  be  located  in  both 
hetnispheres,  so  that  after  destiniction  of  a  considerable  part  of  one  of  them  the 
other  seems  to  act  in  place  of  the  part  destroyed.  [Objection  has  been  taken  to 
the  term  the  "seat  of"  the  will  and  intelligence,  and  undoubtedly  it  is  more 
consistent  with  what  we  know,  or  rather  do  not  know,  to  say  that  the  existence  of 
volition  and  intelligence  is  dependent  on  the  connection  of  the  cerebral  cortex 
|j»ith  the  rest  of  the  brain.] 

P  [That  a  certain  condition  of  the  cerebral  hemispheres  Is  necessary  for  the  manifestation  of  Ibe  in* 
telfcctual  faculties  is  admitted  on  all  hands,  for  compression  of  (he  brain,  e.  £.,  by  a  depressed  frac- 
ture of  the  skull,  and  huddcn  cessation  of  the  supply  of  blood  to  the  brain  abolish  consciousness.  The 
inietlcctual  faculties  are  affected  by  inflammation  of  the  meninges  involving;  the  surface  of  the  brain, 
the  action  of  drugs  afTccts  the  intellectual  and  other  faculties,  bu:  while  all  this  is  admitted  we  can- 
not say  precisely  upon  what  parti  of  the  brain  ideation  depends.  The  pre-ft'ontal  area,  or  the  con- 
volutions in  front  of  the  ascending  frontal  supplied  by  the  BDierior  cerebral  artery,  are  sometimes 
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regarded  as  tbe  anatomical  substratum  of  certain  mental  acts.  At  any  rale,  cledn'ral  if^intilllida  of 
llie^e  parts  is  not  followed  by  muscular  m<ition,  and,  according  to  Kcrricr,  if  ihis  rej^iun  he  enttrpaled 
in  the  monkey,  there  is  no  motor  or  sensory  (Ii5lurl>ancc  in  this  aninul ;  the  animal  eihibdt  cimv 
lional  fcehng.  all  its  special  lenses  refnain.  and  the  power  of  votuntflr\-  motion  if  retained,  hnii  never- 
theless there  is  a  decided  aheration  in  the  animal's  cliaracter  and  lichavior.sotliat  it  exhibits  cdomJ- 
erablc  psychological  alieraiions,  and,  according  to  Ferrier,  **  it  has  lost  to  all  appearance  the  (acukj 
uf  attention  anil  intelligent  uhscrvation."] 

Observations  on  Man.— C-ases  in  which  coi»iderahle  unilaUral  lesioDS  or  destruction  of  uoe 
hemisphere  have  taken  place,  without  the  psychical  activities  tf//Viirm{^  to  suffer,  sometimes  r>ccar. 
The  following  is  a  case  communicated  by  I>3nget :  A   boy.  i6  years  of  age,  had  his  parietal  t>oac 
fractured   by  a  stone   falling  on   it,  so  that   part  nf  the  |irotTudin^   brain  matter  had  to  be  removed. 
On  reapplying  tbe  bandages  more  brain   matter  had  to  be  removed-     After  iS  days  be  fell  om  of 
bed,  and  more  brain  mniier  protruded,  which  was  removed,    tjn  the  35th  day  he  goc  intoticaled. 
tore  off  the  bandages,  and  with  them  a  part  of  the  brain  tnalter.     After  his  recovery  the  boy  ttil) 
retained   his  intirlli^^cncc.  but  he  was  hemiplcgic.      Even   when  boih  hemispheres  are  mod^^rfy 
tiestroyed  the  inteiiigencc  appears   to  be  intact;  thus  'I'rousscau  dcrscribes  the  case  of  la  oAccr 
whose  fore-brain  was  pierced  transversely  by  a  bullet.     There  was  Kamly  any  appearance  of  hs 
mental  or  bodily  faculties  being  affected.      In  other  c.xscs.  dcstniction  of  pans  of  the  brain  pecs. 
linrly  alters  ihe  character.     We  must  be  extreniely  careful,  however,  in  forming  conclusions  tn^Ii 
such  cases.     [In  the  celebrated  "  American  crowbar  case"  recorded  by  Bigclow,  a  youof  sua 
was  bit  by  a  bar  of  iron  \%  inch  in  diameter,  which  traversed  the  antenor  part  of  the  left  bcsi* 
sphere,  going  clear  out  at  the  lop  of  his  head.     This  man  lived  for  thirteen  years  without  any  yK> 
manent  alterations  of  motor  or  sensory  functions;  but  "the  man's  disposition  and  character  wot 
observed  to  have  undergone  a  serious  change."     There  were,  however,  sume  changes  which  m^ 
be  referable  to  injury  to  the  fronlnl  region.     In  all  cases  it  is  most  important  to  know  boihihc 
exact  site  and  the  txuni  of  the  lesion.     Ross  points  out  thai  the  characteristic  features  of  Icmm 
ill  tbe  pre-fronial  cortical  region  are  aflbrdcd  liy  "psychical  disturbances,  constsiiog  of  deoieiili^ 
apathy  and  somnolency.'*] 

Imperfect  Development  of  ibe  Cerebrum. — Microcephalia  and  hydrocephalus  yield  evn; 
result  between  diminution  of  the  psychical  activities  and  idiocy.  Extensive  inflammatinn.  drgea- 
cration,  presfure,  an.-emia  of  the  blood  vessels,  and  the  actioits  of  lAany  poisons  produce  the  saw 
effect. 

Flourens'  Doctrine. — Hourens  assumed  that  the  whole  of  the  cerebrum  is  coiicemed  ia 
ivery  psychical  process.  From  his  experiment!;  on  pigeons,  he  concluded  that,  if  a  sm.ill  port  of  tile 
hemispheres  remained  intact,  it  was  suHicicnt  for  the  manifestation  of  the  mental  functions;  jtatta 
proportion  as  the  gray  matter  of  the  hemispheres  is  removed  nU  the  functions  of  the  cercbruip  src 
enleebled,  and  when  all  the  gray  matter  is  removed  all  the  functions  ore  abolished.  Accordinfti) 
this  view,  neither  the  different  faculties  nor  tbe  different  |x:rceptioDs  arc  localized  in  special  artaL 
Gultz  holdt»  a  somewhat  similar  view  tu  that  of  Mourens.  He  assumes  that  if  an  uninjured  ;an  <tf 
the  cerebrum  remain,  it  can  to  a  certain  extent  perform  the  funaions  of  the  parts  thai  have  been 
removed.     This  Vulpian  has  called  the  law  of  **  functional  substitution  "  [loi  dc  supplcancci. 

The  phrenological  doctrine  of  Gall  ff  1828}  and  Spunhcim  assumes  that  tbe  diffcretu  mcBuI 
faculties  aie  located  in  different  parts  of  tne  brain,  and  it  is  assumed  that  a  large  developmeiu  oi  a 
jKiriicular  organ  may  be  detected  by  examining  the  exlertml  conti^tuatton  of  the  head  iCro&W 
oscopy). 

Extirpation  of  the  Cerebrum.^After  the  removal  of  borli  cerebral  hcmi- 
sphcix^  in  animals,  every  voluntary  movemcnl  and  every  consciotis  impression  anil 
sensory  perception  entirely  ceases.  On  the  other  hand,  the  whole  incchaniaJ 
movements  and  ihc  maintenance  of  the  equilibrium  of  the  movements  arc  rrlaiiicd. 
The  maintenance  of  the  equilibrium  depends  ujxjn  the  mid-brain,  and  » 
regulated  by  important  rtflex  channels  (§  379)-  The  mid-brain  Uorpora  qtiadri- 
gemina)  is  connected  not  only  with  the  gray  matter  of  the  spinal  cord  and 
medulla  oblongata,  the  seat  of  extensive  rellex  mechanisms  (§  367),  but  it  also 
receives  fibres  coming  from  the  higher  organs  of  sense,  which  also  excite  inove- 
ments  reflexty.  The  corpora  quadrigemina  are  also  supposed  to  contain  a  rtflex 
inhibitory  apparatus  (§  361,  3).  The  joint  action  of  all  these  parts  makes  the 
corpora  quadrigemina  one  of  the  most  important  organs  for  the  harmoniotts  exe- 
cution of  movements,  and  this  even  in  a  higher  degree  than  the  medulla  oblongata 
itself  i^GoHz).  Animals  with  their  corfwra  quadrigemina  intact  retain  the  etitti- 
librium  of  their  bodies  under  the  most  varied  conditions,  but  they  lose  this  (mwer 
as  soon  as  the  mid-brain  is  destroyed  (6rc//8).  Christian!  locates  the  coordinating 
centre  for  the  change  of  place  and  the  maintenance  of  the  equilibrium  in  man^ 
nials  in  front  of  the  inspiratory  centre  in  the  3d  ventricle  (§  368;. 
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That  imprcBSions  from  the  skin  and  sense  organs  are  concerned  in  Ihc  maiiitenaiice  of  the 
equilibrium  is  proved  by  the  following  facts  :  A  frog  without  its  cerebrum  at  once  loses  its  power  of 
balancing  itself  as  soon  as  the  skin  is  removed  from  its  hind  limbs.  The  action  of  impressions 
communicated  through  the  eyes  is  proved  by  the  difficulty  nr  impossibility  of  maintaining  the  equi- 
librium in  nystsigmuK  (^  35<^)i  ^"'1  t»y  the  Tertigo  which  often  accompanies  paralysis  of  the  external 
ocular  muscles.  In  persons  whose  cutaneous  sensibility  is  diminished,  the  eyes  are  the  chief  organs 
for  the  maintenance  of  the  equilibrium  ;  they  fall  over  when  the  eyes  are  clwicd.  [This  ii  well 
illustrated  in  cases  of  locomotor  ataxia  (p.  672J.] 

Frog, — A  frog  with  its  cerebrum  removed  retains  its  |)ower  of  maintaining  its 
equilibrium.  It  can  sit,  spring  or  execute  complicated  coordinated  movements 
when  appropriate  stimuli  are  applied  j  when  placed  on  its  back,  it  immediately 
lurns  into  its  normal  position  on  its  belly;  if  stimulated,  it  gives  one  or  two 
springs  and  then  comes  to  rest  ;  when  thrown  into  water,  it  swims  to  the  margin 
of  the  vessel,  and  it  may  crawl  up  the  side,  and  sit  passive  uf»on  the  edge  of  the 
vessel.  When  incited  to  move,  it  exhibits  the  most  complete  harmony  and  unity 
in  all  its  movements.  It  sits  on  the  same  place  continually  as  if  in  sleep,  it  takes 
no  food,  it  has  no  feelings  of  hunger  and  thirst,  it  shows  no  symptoms  of  fear, 
and  ultimately,  if  left  alone,  it  becomes  desiccated   like  a  mummy  on  the  spot 

Fio.  419. 


Fig.  431. 


Frog  without  iu  cerclimin  avoiding  an 
object  placed  in  lU  [Milh. 

Fig.  430. 


^■KcoH  Willi  n%  cerebral  henuApherei  removed. 


Frog  without    ■       .  r  ,1 

rhere  it  sits.  [If  the  flanks  of  such  a  frog  be  stroked,  it  croaks  with  the  utmost 
regularity  according  to  the  number  of  times  it  is  stroked.  Langendorff  has 
shown  that  a  frog  croaks  under  the  same  circumstances  when  both  optic  nerves 
are  divided.  It  seems  to  be  influenced  by  light;  for,  if  an  object  be  placed  in 
front  of  it  so  as  to  throw  a  strong  shadow,  then  on  stimulating  the  frog  it  will 
spring  not  against  the  object,  a,  but  in  the  direction,  d  (Fig.  419).  Sterner  finds 
that  if  a  glass  plate  be  substituted  for  an  opaque  object  like  a  book,  the  frog 
always  jumps  against  this  obstacle.  Its  balancing  movements  on  a  board  are 
fiuitc  remarkable  and  acrobatic  in  character.  If  it  be  placed  on  a  board,  and  the 
board  gently  inclined  (Fig.  420),  it  does  not  fall  off  as  a  frog  merely  with  its 
spinal  cord  will  do,  but  as  the  board  is  inclined  so  as  to  alter  the  animal's  centre 
of  gravity  it  slowly  crawls  up  the  board  until  its  equilibrium  is  restored.  If  the 
board  be  sloped  as  in  Fig.  420  it  will  crawl  up  until  it  sits  on  the  edge,  and  if  the 
board  be  still  further  liked,  the  frog  will  move  as  indicated  in  the  figure.  It  only 
does  so,  however,  when  the  board  is  inclined,  and  it  rests  as  soon  as  its  centre  of 
gravity  is  restored.  It  responds  to  every  stimulus  just  like  a  complex  machine, 
answering  each  stimulus  with  an  appropriate  action.] 
45 
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A  pigeon  without  its  cerebral  hemispheres  behaves  in  a  similar  manner  (Fig. 
4^1 ).  When  undisturbed  it  sits  continuously,  as  if  in  sUfp^  but  when  stimulated 
it  shows  complete  harmony  of  all  its  movements ;  it  can  walk,  fly,  perch,  and 
balance  its  body.  The  sensory  nerves  and  those  of  special  sensation  conduct 
impulses  to  the  brain;  they  only  discharge  reflex  movements,  hut  they  do  not 
excite  conscious  impressions.  Hence  the  bird  starts  when  a  pistol  is  fired  close 
to  its  ear ;  it  closes  its  eyes  when  it  is  brought  near  a  flame,  and  the  pupils 
contract ;  it  turns  away  Us  head  when  the  vapor  of  ammonia  is  applied  lo  its 
nostrils.  All  these  impressions  are  not  perceived  as  conscious  perceptions.  The 
perceptive  faculties — the  will  and  memory — are  abolished  ;  the  animal  never 
takes  food  or  drinks  spontaneously.  Hut  if  food  be  placed  at  the  back  part  of  its 
throat  it  is  swallowed  [reflex  act],  and  in  this  way  the  animal  may  be  ma-iniained 
alive  for  months  {J^/ourem,  Longe/,  Goitz^  and  others). 

Mammals  (rabbit),  owing  to  the  great  loss  of  blood  consequent  on  removal 
of  the  cerebrum,  are  not  well  suited  for  experiments  of  this  kind.  Immediately 
after  the  operation  they  show  great  signs  of  muscular  weakness.  When  they  recover 
they  present  the  same  general  phenomena  \  only  when  they  are  stimulated  they 
run,  as  it  were,  blindfold  against  an  obstacle.  Vulpian  observed  a  peculiar  shriek 
or  cry  which  such  a  rabbit  makes  under  the  circumstances.  Sometimes  even  io 
man  a  peculiar  cry  is  emitted  in  some  cases  of  pressure  or  inflammation  rendering 
the  cerebral  hemispheres  inactive. 

Observations  on  somnambulists  show  that  in  man  also  complete  harmony  of 
all  movements  may  be  retained,  without  the  assistance  of  the  will  or  conscious 
impressions  and  i>erceptions.  As  a  matter  of  fact,  many  of  our  ordinary  move- 
ments are  accomplished  without  our  lx:ing  conscious  of  them.  They  take  place 
under  the  guidance  of  the  basal  ganglia. 

The  degree  of  intelligence  in  the  animal  kingdom  i»,  in  relAitun  to  the  riie  of  the  cerebral 

bemisphcrt-s,  in  proimtion  to  ihe  mass  of  the  other  parts  of  the  central  nervous  systenrt.  Taking 
the  brain  alone  into  consider  a  tiuti,  we  observe  that  those  nnimats  have  the  highest  inteUi^riicc  ta 
which  the  cerebral  hemi»pheres  greatly  exceed  the  mid-brain  in  weight,  'llie  mid  brain  is  repre- 
sented by  the  optic  lobes  iu  the  lower  vcttebriles,  and  by  the  corpora  qundrigeniina  in  the  bigber 
vertebrates.  In  Kig.  42S,  VI  represents  the  brain  of  a  carp;  V,  frog;  and  IV,  pigeon,  lo  all 
tboe  cases  I  indicates  the  ccrcbr.-il  hcinisphereA ;  2,  the  optic  lobes ;  3,  the  cetebeilum  ;  and  4,  the 
medulla  oblongata.  In  the  carp  the  cerebral  hemispheres  are  smaller  than  the  o[i(ic  lobca,  in  tbf 
frog  they  exceed  the  latter  in  size.  In  the  pt);eon  the  cerebrum  begins  to  prt>jcct  bftckwani  over  the 
cerebellum.  The  degree  of  inielligence  increases  in  these  animals  in  this  proportion,  In  lbe<lo('t 
brain  (Mg.  428,  II)  the  hemispheres  completely  cover  the  corpora  qoadrigemina,  but  the  cerebeUun 
still  lies  behind  the  cerebrum.  In  man  the  occipital  lubes  of  the  cerebrum  completely  overlap  the 
cerebellum  ( Ktg.  424)-  [The  projection  of  the  occtpital  lobes  over  the  ceret>ellum  is  due  tu  the 
development  of  the  frontal  IuL>c3  pushing  backward  the  convolutions  that  he  lichmd  them,  and  not 
entirely  to  increased  development  of  the  occipital  lubes.] 

Meynert's  Theory,— According  to  Meynert,  we  may  represent  this  relation  in  another  way.  At 
it  known,  hbres  jirocccd  downward  fjum  the  cerebral  hemi!ipheres  through  the  cmsta  or  basis  of  the 
cerebral  peduncle.  These  fibres  arc  separated  from  the  upper  fibres  ur  tegmentum  of  the  pedtmcle 
by  the  locus  niger,  the  tegmentum  being  connecte<l  with  the  corpora  «(uadrigemina  and  the  optic 
thalamus.  1'hc  larger,  therefore,  the  cerebral  hemUpheres  the  more  numerous  will  be  the  fibKs 
proceeding  from  it.  Io  Fig.  428,  II,  is  a  tran.<iverse  section  of  the  (.loMenor  corpora  quadrigemiiia, 
with  ihe  aqueduct  of  Sylvius  and  both  cerebral  peduncles  of  an  adult  man  ;  /», /,  is  the  cnuiaaf 
each  peduncle,  and  al«>ve  it  lies  the  locus  niger,  j.  Fig.  4.2H,  IV,  shows  the  same  pads  in  ■  monkey; 
III,  in  a  dog;  and  V,  in  a  guinea  pig.  The  crusta  diminishes  in  the  Rltove  scries.  There  is  a  cor- 
responding cltminution  of  the  cerebral  hemispheres,  and  at  the  same  tune  in  the  inlelltgeocc  ol  the 
corrcsix'nding  animals. 

Sulci  and  Gyrl.— The  degree  of  intelligence  also  depends  upon  the  nomber  and  d«plfa  of  Ibe 
convolutions.  In  the  lowest  vertebrates  (tish.  frog,  bird)  the  furrows  or  sulci  are  absent  (  Fig.  4x8. 
IV.V,  Vt);  in  (he  rabbit  there  arc  two  shallow  furrows  on  each  side  (HI).  Tlte  ilo^  hu  ■ 
plexly  furrowed  cerebrum  (1,  II).  Most  remarkable  is  the  complexity  of  the  sulci  and 
tions  of  the  cerebrum  of  the  elephant,  one  uf  the  most  intelligent  of  animals.  NcvexthelcM 
very  stupid  animals,  as  the  ox.  have  very  complex  convolutions. 

The  absolute  weight  of  the  In-ain  cannot  be  taken  as  guide  lo  the  intelligeDce.  The  e]epb*i4 
has  abtolulely  the  heaviest  brain,  but  man  has  rclattvtly  the  heaviest  brain. 

The  mean  weight  of  the  brain  in  mui  is  about  135S  grammes;  of  woman,  ixio 
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^Bheheff).     [We  ougli),  alsi>.  to  take  into  account  the  complexity  of  the  convolutions  and   the 
Wpth  of  ibc  gray  niauer,  its  vasculirily,  ami  the  extent  of  anastonioses  between  its  nerve  cells.] 

Time  an  Element  in  all  Psychical  Processes. — Kvery  psychical  process 
requires  a  certain  time  for  its  occurrence — a  certain  lime  always  elapses  between 
the  application  of  the  stimulus  and  the  conscious  reaction. 
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Nsture  of  Silniitui. 


Reaction  TIoib. 

Nunc  of  Oburrar. 

.U 

Exn^r. 

•<3 

Do. 

"7 

Do. 

.<3 

Do. 

■5 

Do. 

.16 

Bunders. 

.,6             1 

V.  Vintschgau  and 

HAnig^chmied. 

■'5 

Do. 

.16 

Do. 

.16 

Do. 

■23 

Du. 

,  _  .  :k  on  left  hand 

''Sli^k  on  forehead 

Shock  on  toe  of  left  foot 

Sudden  noise 

Visual  impression  of  eleclric  S(>ark   .... 

S  Hearing  a  sound 
Current  to  tongue  causing  tasle 
Saline  taste 
Taste  of  sugar 
••  acids 
"  quinine 
Reaction  Time. — This  lime  is  known  as  **  readion  time,**  and  is  distinctly  longer  than  the 
simple  reflcK  time  required  for  a  rcRex  act.  It  can  \yt  mcosurcH  by  causing  the  person  experimented 
on  to  imlicate  by  means  of  an  electrical  signal  the  moment  when  the  stimulus  is  applied.  The 
reaction  lime  consists  of  the  following  events:  (I)  The  duration  of  ptrcepiicn,  j.r,  when  we  become 
conscious  of  the  impression;  (3)  the  duration  nf  the  time  required  to  direct  the  atttHtion  to  the 
impreuion ;  and  (j)  the  duration  of  the  voluntary  impulse,  tngether  with  (4)  the  time  required  for 
couduaing  the  impulse  in  the  afferent  nerves  to  the  cciiire,  and  (^)  the  time  for  the  impulse  to  travel 
out%i'ard  in  the  motor  nerves.  If  the  signal  be  made  with  the  hand,  (hen  the  reaction  time  for  the 
impression  of  sound  is  o. 1 36  to  0.167  second;  for  taste,  0.15  to  0.23;  touch,  O-I33  to  o.30t  second 
{/lorick,  V.  VtHtjihgou  and  H5n\^schmied,  Auerhach,  Exncr^  ami  othfri)  \  for  olfactory  impres* 
sions,  which,  of  course,  depend  upon  many  conditions  (the  phase  of  respiration,  current  of  air),  0.2 
to  0.5  second.  Intense  stimulation,  increased  attention,  practice,  expectation,  and  knowledge  of  the 
kind  of  stimulus  to  be  applied,  all  diminish  the  time.  Tactile  impressions  arc  most  rapidly  perceived 
when  they  are  applied  to  the  most  sensitive  pans  (f.  Vintuhpiu\.  The  time  is  inciensed  with  very 
strong  stimuli,  and  when  objects  ditlicutt  to  be  distinguished  are  applieil  \v.  J/e/mhoilt  and  Baxt). 
The  lime  required  to  direct  the  attention  to  a  nunil«cr  consisting  of  I  lo  3  figures,  Tigctstcdl  and 
Ucrgqui^t  found  to  be  0.01 5  lo  0.035  second.  .'Mcohol  and  the  anA:»thctics  alter  the  time;  according 
to  their  degree  of  action  they  shorten  or  lengthen  it  [A'rSpiin).  In  order  that  two  shocks  applied 
after  each  other  be  distinguished  as  two  distinct  impressions,  a  certain  interval  must  elapse  iMrtwecn 
the  two  shocks;  for  the  ear,  0.00Z  to  0.0075  second ;  fur  the  eye,  0.044  to  0.47  second :  for  the 
finger,  0.277  second. 

[The  Dilemma. — When  a  person  is  experimented  on,  and  is  not  told  whether  the  right  or  left 
side  ii  to  be  Mimutatcd  or  what  colored  disk  may  be  presented  to  the  eye,  then  the  time  to  respond 
correctly  is  longer.] 

[Drugs  and  other  conditions  nffcct  the  reaction  time.  Ether  and  chloroform  lengthen  it,  while 
ftlcohol  does  the  same,  but  the  person  imagines  he  rea  ly  reacts  quicker.     Noises  also  lengthen  it.] 

In  sleep  aiul  waking  we  observe  ttie  periodicity  of  the  active  and  passive  conditions  of  the  brain. 
During  ftleep  there  is  diminished  excitability  of  the  whole  nervous  system,  which  is  only  partly  due 
lo  the  fatigue  of  afferent  nerves,  but  is  largely  due  to  the  cnndilion  of  the  central  nervous  system. 
During  sleep  we  require  to  apply  strong  stimuli  to  produce  reflex  acts.  In  the  deepest  sleep  the 
psycbidl  or  mental  procei^es  seem  to  be  completely  in  abeyance,  so  that  a  person  asleep  might  be 
compared  to  an  animal  with  its  cerebral  hemispheres  removed.  Toward  the  approach  of  the  period 
when  a  person  wakens.  }^»sychical  activity  may  manifest  itself  in  the  form  of  dreams,  winch  dilTcr, 
however,  from  normal  mental  processes.  They  consi!»t  either  of  impressions,  where  there  is  no 
objective  cause  (hallucinations), or  of  voluntor}-  impulses  which  arc  not  executed,  or  trains  of  thought 
where  the  reasoning  and  judging  powers  arc  disturbed.  Often,  especially  near  the  time  of  waking, 
the  actual  stimuli  may  so  act  as  to  give  rise  to  impressions  which  became  mixed  with  the  thr.'ughts 
of  a  dream.  The  diminished  activity  of  the  heart  {%  70,  3,  <-],  the  respiration  ({  127,  4).  the  gastric 
and  intestinal  movements  ({  213,  4),  the  formation  of  heat  (g  216,  4),  and  the  secretions,  point  to  a 
diminished  excitability  of  the  corresponding  nerve  centres,  and  the  dimininhed  retlex  excitability  lo 
m  airrcsponding  condition  of  the  spinal  cord.  The  pupils  are  contracted  during  sleep  the  deeper 
the  latter  \s,  so  that  in  the  deepest  sleep  they  do  not  become  contracted  on  the  application  of  light. 
The  pupils  dilate  when  seiiS'>ry  ur  auditory*  stimuli  are  applied,  and  th.-it  the  more  the  lighter  the 
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motived.  Disagreeable  results  follow  only  when 
the  cnndUion  is  induced  loo  often  and  too  con- 
tinuuusly. 

Hypnotism  in  Animals. — A  hen  remains  in  a 
fixed  position  when  an  object  is  suddenly  placed 
before  its  eyes,  or  when  a  straw  h  placd  over  its 
beak,  or  when  the  beail  of  the  animal  is  pressed 
on  the  {ground  and  a  chalk  line  made  before  its 
beak  (Kircher's  cx|>criinciitum  mirabilc,  1644K 
[l^ngley  has  hypnotixed  a  crocodile.]  Birds, 
rabbits,  and  frc^s  remain  passive  for  a  lime  after 
they  have  been  Rcntly  stroked  on  the  back  for  a 
lime.     Crayfish  stand   on   their   head  and  claws 

375.  STRUCTURE  OF  THE  CERE- 
BRUM—MOTOR CORTICAL  CEN- 
TRES.—[Cerebral    Convolution.— A    vertical 

section  of  a  cerebral  convolution  consists  of  a  thin 
layer  of  gray  matter  externally  inclosing  a  while  core 
(f'"ig.423).  The  cortex  consists  of  ceils  emhetided 
in  a  matrix,  and  to  these  proceed  nerve  fibres  from 
the  while  matter.  The  cells  of  the  cortcj!  vary 
in  size,  form,  and  dislribuliun  in  the  different 
layers  and  also  in  dilTerent  convolutions.  Taking 
such  a  convolution  as  the  ascending  frontal  wc 
get  the  appearances  shown  in  Fig.  422.  It  is  cov- 
ered on  its  surface  liy  Ihe  pia  maier.  (i)  The 
most  nt/rr^tia/  layer  is  narrow,  and  conttsls  of 
much  neuroglia,  a  network  of  branched  nerve 
fibrib,  and  a  few  scattered  small  multipolar  ner\'e 
cells;  (2)  a  layer  of  close-set  sma//  pyramiJnt 
turve  £elb  :  {3)  ihe  thickest  layer  or  formilion  of 
the  comu  ammonis,  consisting  of  several  layers 
of  iar^e  pyramiital  c<Usy  which  are  larger  in  the 
deeper  than  in  the  more  superficial  layers.  Each 
cell  is  more  or  less  pyramidal  in  shaiK,  giving  olT 
several  processes — (a)  an  ij//<:fl/ process,  which  is 
often  very  Ioqk,  and  runs  toward  the  surface  of 
the  cerebrum,  where  it  is  said  to  terminate  in  an 
Ovoid  corpuscle,  closely  rescmblinj*  Ihose  in  which 
the  ultimate  branches  of  Purkinje'scellsoflhecere- 
bellum  end;  {i*j  the  unhraiichi.'d  meJmn  basilar 
process  which  is  an  axial  cylinder  pn-cess,  and 
becomes  continuous  with  the  axial  cylinder  of  a 
nerve  fibre  of  the  while  nuiter.  It  uliimaiely 
becomes  invested  by  myelin,  (c)  The  lateral  pro- 
cesses are  given  off  chiefly  near  the  base  of  the 
cell,  and  they  soon  branch  to  form  |)art  of  the 
ground  plexus  of  fibrils  which  everywhere  per- 
vades Ihe  gray  matter.  At  the  kmebt  part  of  this 
layer  the  cells  are  larger  ihan  eSewhere,  present- 
ing some  resemblance  to  Ihc  cells  of  ijie  anlertor 
cnrnu  of  the  gray  matter  of  the  spinal  cortl.  Bv 
some  it  is  described  as  a  s|>ecial  layer,  and  termed 
the  f^iiHiilion  eell  layer.  This  layer  is  sjwcinlly 
well  marked  in  those  convolutions  which  are  de- 
scribed as  conUining  motor  centres.  Among  the 
I.irgc  cells  are  a  few  smalt  angular-looking  cells, 
which  become  more  numerous  lower  down,  and 
form  (4)  a  narrow  layer  of  numeruus  »mall  branched, 
irregular,  ganglionic  cells — the  "gr.ntuhr  forma- 
fton"  of  Mcyncrt.  (5)  A  layer  of  spimllc-shaped 
t'Hii/orm  branched  cells — the  clau.Urnl  Jormntfon 
of  Meyneti— lying  for  the  most  pan  parallel  to 
the  surface  of  Ihe  convolution.  No  layer  is  com- 
posed exclusively  of  one  form  of  cell.  The  above 
represents  the  motor  t>-pe.    Then  follows  the  white 
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tDAttcr  ^m^  c<-n''iDting  of  medulhiK^d  nerve  6bn:s,  which  run  in  (;tou{>&  into  the  grfty  tnttter,  whctt 
ihry  lose  their  myelin.  The  tibr»  nre  somcwhai  smaller  than  in  the  other  partit  of  tbe  nrTvow 
i>'ftcm  fdiatnelcr  j^,^  inch),  and  between  them  lie  a  few  nuclear  etemefUA.  Each  cell  u  nr 
rounded  by  a  lymph  space,  as  in  those  of  Ihc  cord.] 

[Recent  Results. — E\ner  finds  that  after  prolonged  immersion  u(  the  cerebrum  in  i  per  cent, 
onnic  acid  and  lubMtjur-nt  staining  with  ammonfacal  carmine, thai  what  has  hiiheno  been  devnbed 
a*  '* ground  substance"  in  the  f^ray  matter  really  conaiBt^  of  well-formed  mcdullated  fibres. 
The  first  layer  contains  many  medullated  nerve  fibres  diflerinK  in  ihickncss  and  direction.  In  the 
newborn  child  none  are  medullsled.  Similar  filire«  extsi  in  the  second  layer,  white  in  the  ihbd 
they  arc  in  Rmups.  and  very  numerous  in  the  fourth.  The  nerve  fibres  do  no!  seem  to  divide  hi 
the  cortex,  and  Exner  su^^t-Ms  that  .vimc  of  ihcm  serve  to  connect  ihe  different  layers  t»  the  ccito. 
Kuchs  finds  thai  th>  re  arc  no  meduMateil  fibre*  t- ithrr  in  the  cortex  nr  medulla  until  the  end  of  the  tint 
month  of  life.  The  mcdullated  fibres  at  j>ear  in  the  uppermost  layer  at  the  ftfili  month,  and  in  the 
second  at  the  end  of  the  first  year,  the  ladial  bundles  in  Ihe  deeper  layers  at  the  second  month.  The 
medullated  fibres  increase  amil  the  seventh  or  eighth  year,  when  ihey  have  the  same  urwigetDefil 
as  in  the  adult.] 

[Variations. — Although  the  above  description  indicatei  the  typical  arrangement  in  the  roolor  area, 
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1.1.  nicJutUrr  «-lerict:  sixl  1',  I'.in  proup*  be  I  ween  I  Ke  contfoluiion*.  ».  a.  aletiool  lite  cartsxccrclirt:  il^l 
mnKcdpTcxiH  in  firvt  layer;  i,  ctawr  pleaui  iu  miildle  lajrcr  :  r,  opener  pkxtn  in  the  $f*y  m»ntt  Msl  die< 
iutntance,  with  iu  v<«tcU  (</)• 

ftill.  the  gray  mclter  differs  in  different  pans  of  (he  brain.  In  ibc  gray  matter  ol  the  coniu  ammouts 
the  large  pyramidal  cells  of  (3)  make  up  the  chief  mt^s;  in  (he  claiuttum  (4)  is  most  ahuodani.  In 
the  central  convolutions  (ascending  frontal  and  parietal >,  accnrdiiig  to  Betx,  Mierujewski  and 
Bevon  Ixwis,  very  Uirge  pyramidal  cells  are  found  in  the  lower  part  of  the  third  layer.  Similar  ocUi 
hnvcliccn  found  in  the  posterior  extremities  of  the  frontal  convolutions  in  snmc  animals,  the  {icataHor 
parietal  lobule,  and  paracentral  lotiule.  all  of  which  have  motor  functions.  In  those  ctMvola- 
tinns  which  are  regarded  as  subserving  sensory  functiotisi,  a  somewhat  different  type  prevails,  f.g^ 
the  occipital  gyri  or  aimcclant  convolutions  (/i.  trwii).  The  very  large  pyramidal  cells  ore  alscal. 
while  the  granule  layer  exists  as  a  well-marked  layer  between  the  layrr  of  large  pyramidal  cells 
and  the  ganglion  cell  layer.] 

Blood  Vessels. — The  ^rny  matter  is  much  more  vaKular  than  the  while,  and  when  injected  s 
section  of  a  convolution  presents  the  appearance  shown  in  Fig.  423.  I'he  nutritive  artcrie*  Con- 
sist of— (11^  the  Inn-T  medullary  arteries  (i),  which  pass  from  tbe  pia  mater  through  tbe  psf 
mancr  mio  the  ccnir.il  m  bile  inatiei  ur  centrum  ovale.  They  are  terminal  arteries,  and  da  atf 
communicate  with  each  other  in  their  course;  ihey  (huB  supply  independent  vascular  areas,  nor  da 
they  anastomose  with  any  of  the  arteries  derived  from  (be  ganglionic  system  of  blood  vracU:  II  k9 
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'them  arc  seen  iu  a  section  of  a  convolution.  (A)'n»e  xhort  cortical  nutritive  arteries  (2)  are 
kmallcr  and  ehoncr  than  ihe  foreyoiof;.  AUhuugb  some  of  ilicm  enter  the  white  matter,  they  chiefly 
supply  the  cortex,  where  ihey  form  an  open  meshed  plexus  in  the  first  layer  («),  while  in  the  next 
layer  (*)  ihe  plexus  of  capillafics  ia  dense,  the  plexus  again  being  wider  in  the  inner  layers  {.•).] 

[Central  or  Ganglionic  Arteries. — From  the  trunks  consliiming  the  circle  of  Willis  {Fig.  in 
1  381 ),  branches  are  given  oil',  which  pa5S  upwani  and  enter  the  hrain  to  supply  the  basal  canglia 
with  blood.  They  are  arranged  in  several  grciuiw,  but  they  are  all  terminal,  each  one  supplying 
its  own  area,  nor  do  they  anastomose  with  the  arteries  of  the  cortex.^ 

Cerebral  Arteries. — From  it  practical  point  of  view,  the  distribution  of  ihe  blood  vessels  of  the 
brain  is  important.  The  artery  of  the  Sylvian  lissure  supjilics  the  mofor  areas  of  the  brain  in 
animals;  in  man,  the  piecentral  lobule  is  supplied  by  a  branch  of  the  anterior  cerebral  artery 
{Durtt).  The  region  of  the  third  left  frontal  convolution*  which  is  connected  with  the  function  of 
speech,  it  supplied  by  a  special  branch  of  the  Sylvian  artery.      Those  areas  of  ihc  frontal  lobe* 

Fig.  424. 
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txit  »lde  <>r  the  human  brain  (dL-ifframmatk).  F,  frontal:  P.  pane  1*1 :  O,  occipital:  T,  temporo-iphcuoiilal  lobe; 
S,  fK&iirc  of  Sylviiu:  S',  horltontal,  S",  ascciidinff  ramii*  of  S .  r,  miIciu  ccniralis,  or  fi»ure  at  Kolaiida;  A, 
axceikdiagfroauil.and  U,  aiccodin^  paricuil  convolution  :  F,.  •uperior,  >',,  middle,  and  F|,  inferior  froutalcunvo- 
luiiiKUjy^,,  superior,  mill /,,  infcnof  Trontal  tiMures  ; /,.  «iilcus  prii:ccnir;ili*  :  P,  lupCfiur  parietal  lubuk;  P,, 
inferior  parietal  lol>ulc,  conKidinfiof  I',,  supraniarciiial  g^'nifi.and  P,',  angular  cyrua;  j/,  sutcui  intcrpaticulii; 
rM,  icrmlnalion  of  calltMO-marginal  fiiaurc:  O^,  fini^U^.  iccood,  O,,  third  occipital  convolutioiu  ;  to,  |nrieu>- 
ocapital  ftsfure  ;  o,  traiuverte -occipital  fitiure  ;  #,,  lofcnQr  longiiudlnal  occlpiul  tiMure :  'I'l,  first,  T,,  Mcond. 
'f  „  tcmporosphieaoidal  convolutiona  ;  /, ,  (irat,  /,,  second  tetnporo-aphcnoidal  fissures. 


whose  injury  results  (n  disturbance  of  the  intelligence  {Ferrifr)  are  supplied  by  the  anterior  cerebral 
artery.  Those  regions  of  the  cortex  cerebri  whose  injury,  according  to  Fcrrier,  causes  hemiana:$. 
tfaesia  are  supplied  by  tlic  posterior  cerebral  artery. 

[In  connection  with  the  localisation  nf  the  ccnircs  in  the  cortex,  it  is  important  to  ht  thoroughly 
acquainted  with  ibc  arrangement  of  the  cerebral  convolutions.  Each  half  of  the  outer  cerebri 
surface  is  divided  by  certain  fissures  into  five  lobes — frontal,  parietal,  occipital,  temporo> 
Bpbenoidal  and  central,  or  island  of  Reil  (Fig.  434).  The  frontal  lobe  (Fig.  424)  consists  of 
three  convolutions,  with  numerous  secondary  folds  running  nearly  horizontal,  named  superior  (F,), 
middle  (f  ])  >t)d  inferior  (F,)  frontal  convolutions.  Behind  these  is  a  large  convolution,  tlie  ascending 
frontal  (A),  which  ascends  almost  vertically,  immediately  behind  these,  separated  from  them,  how- 
ever, by  the  preccntral  tissure  (/, ).  and  mapped  otf  behind  by  the  fissure  ot  Rolando,  or  the  central 
sulcus  (rJ.J 
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[The  parietal  lobe  (Fig.  424,  P)  is  limited  in  front  by  the  Bunre  of  Rolando,  below,  io  part  W 
the  Sylvian  hii&urc,  and  Irchind  by  tlit  parielo-occipilol  fissure.  It  coiisi!>Ut  of  the  ascending  [vrictil 
(posterior  central)  convolution  (Fig.  424.  B],  which  ascends  juM  behind  the  Auure  of  Rolando, and 
p&rallel  to  the  ascending  frotilal,  with  which  it  i»  continuotu  below;  above  it  becomes  conlioatwi 
with  the  superiur  parietal  lobule  (T. ),  while  the  latter  is  separated  frurn  the  iiiferior  parietal  lotaale 
{pii  cffurfi/)  by  the  interparietal  sulcus.  The  inferior  parietal  lobule  consists  of  (a)  a  put  ardunf 
over  the  upper  end  of  the  Sylvian  ftssure,  the  supramaiginal  convolution  (P.),  which  is  coatinaoM 
with  the  superior  (eiiiix^iru-splienoidal  coQvolutiuu.  Behind  is  (j)  the  anf^ular  gyrus  (P.*).  wbick 
arches  round  the  posteTior  end  of  the  pamlltfl  fissure,  and  becomes  connected  with  toe  midiUi 
Icmporo- sphenoidal  convolution.] 

[The  temporo-sphenoidal  lobe  (Fig  424,  T)  consists  of  three  horizontal  convolutions— sipe 
nor,  mxidle  and  inferior—ihe  two  former  being  separated  by  the  parallel  sulcus,  while  the  wboic 
lobe  is  mapped  off  from  the  frontal  by  the  Sylvian  fissure  (S).] 

[The  occipital  lobe  ( Hg.  424,  O]  is  small,  forms  the  rounded  potttcrior  end  of  the  cerehnin. 
and  is  srparated  frnro  the  parietal  lobe  by  the  parieto-occipital  flxmre,  which  fissnre  is  lindged  over 
at  the  lower  part  by  the  four  annectant  gyri  l///j  de  paaage  of  Gratiolet).  It  has  three  cootohi 
tions — superior  ((), ),  middle  (Oj)  and  inferior  (O,) — on  its  outer  surface.] 

[The  ceotral  hd>c,  or  island  of  Rail,  consbts  of  five  or  six  short,  straight  con  volutions  {(jn 
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Median  up|Fc(  of  the  rictit  hc<ni«pttcre.  CC,  corpus  cnlhmim  divided  |r>n]:trudtn«lly ;  Of.  lynts  fctrntcatBt ,  H, 
gyriu  nippocxmpi  ;  A,  iiulciu  hlppBca'npl;  U.  uncinaie  gymv;  <-*«  caUofo-marglruil  A««ure;  F,  fir*t  fr^iaulcM- 
valution  ;  r.  icmiina)  ;K>rti(>n  of  nMurc  of  KoUndn  ;  A.  uMTtntlinc  fron(al ;  B,  BMxnillnit  Mrtetal  L-onruluiMRMa 
pantcentmt  labulc  :  Pi',  pnccunrus  or  quadnle  lobule  ;  <Sr,  cuneus  ;  Po,  mneto-oocipital  frwui^  :  •,,€!*■•••»« 
occiplial  ftitiirc :  (k-,  caiunrinc  fiuurc ;  m^,  iiiprriof,  oc^,  inferior  r«iuu<  of  the  ■aac :  r>,  ^yrtn  de«cciid«a».  T(t 
gyruk  occiptlO'iem pontile  laieialis  (lubuliu  fuslformis) :  T,,  gynu  occlplto-lcmporatU  mffdialit  llobulm  bBpiabi 


operti — Fig.  436)  radiating;  outward  and  backward  from  near  the  anterior  perforated  spot,  and  can 
only  l>e  seen  when  the  mari^ins  of  the  Sylvian  fissure  arc  pulled  asunder.  The  operculum,  con- 
sisting of  the  extremities  of  the  inferior  frontal,  ascending  [xrictal  and  frontal  convoIuiioD»,  lie  uiu- 
side  it,  cover  it,  and  conceal  it  from  view.] 

[On  the  inner  or  mesial  surface  of  the  cerebrum  are — the  gyrus  fomicatus  [Fig.  4*$,  Gf).ov 
convolution  of  the  corpus  callosum,  which  rvn^  parallel  (o  and  trends  round  the  anterior  and  poste- 
rior extremities  of  the  corpus  callosum,  terminating  posteriorly  in  the  gyms  uncioatus  or  (yni 
hippocampi  (Fig.  42^,  HK  aud  etiding  antcrioriy  in  a  crooked  extremity,  the  subiculnm  comn  an* 
munis  (Fig.  425,  U|.  Alcove  it  is  the  calloso  marEtnal  fissure  (Kig.  425,  (m),  and  running  parallel 
to  it  is  the  marginal  convolution  (Fig.  425).  which  lies  between  the  latter  fisFurc  and  the  margw 
of  the  longiludinal  fissure;  il  is,  however,  merely  the  mesial  aspect  of  the  fronlol  and  parietal  coa- 
volutions.  TI1C  quadrate  lobule  or  priecuneuB  lies  (Kig.  425,  Pi  I  between  the  poAerior  eatrcnu 
iiy  of  the  calloso-marginol  fissure  and  the  parieto-occipital  hssure ;  it  is  merely  the  mesial  aapei^  ef 
the  ascending  parietal  convolution.  The  parieto-occipital  fissure  terminates  below  In  the  calcuiai 
Assure  (Fig.  435,  <*r),  and  the  latter  runs  backward  in  the  occipital  lobe,  divuling  it  into  twn 
branches,  oc',  ot'\  Between  the  parieto-occipital  and  calcarine  fissarcs  lies  the  weilge  shaped 
lobule  termed  the  cuneus  (Fig.  425,  ez).  The  calcarine  fissure  indicates  on  the  surface  the  powtMfl 
of  tlie  caUar  avh  or  hippocampus  minor,  in  the  posterior  cornu  of  the  lateral  vemricJc.    Tbc 
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lie  fissure  or  5w/rMj  Mi/fodiMif-i  (Fig.  425.  M),  marks  the  position  of  the  etcvaiion  of  the 
hippociunpus  major,  or  cornu  amtnonrv  in  the  lateral  ventricle.  The  tempore- sphenoids  I  lobe 
terminates  anteriorly  in  the  uncinate  gyrus,  while,  running  along  ihc  futtner  and  the  occipital 
lot>esis  the  collateral  fissure  {occipiiotemporal  mIcusK  which  marks  the  position  of  the  emeneotta 
coIlAteralis  in  the  drscendini;  comu  nf  Ihc  lateral  ventricle,  white  it  also  separates  the  superior  rrom 
the  inferior  temporo-occipital  convolutions  (T^  and  Tg).] 

b     Motor  Centres. — Fritsch  and  Hit/ig  (1870)  discovered  a  series  of  circum- 
'Scribcd  regions  on  the  surface  of  the  cerebral 

convolutions,  whose  sliraulation  by  means  of  Fic.  426. 

electricity    causes  coordinated  mavemenSs  in 

quite  distinct  groups  of  muscles  of  the  opposite 

side  of  the  body  (Fig.  428,  I,  \\), 


K 


'  Methods^StimuIation. — The  surface  of  ihe  cere- 
htum  is  exposed  in  an  animal  (dt^,  monkey)  by  rcniov- 
ing  a  part  of  the  skull  covering  the  so-called  motor  con- 
volutions and  dividing  ilie  dura  mater.  When  the  con- 
volutions are  fully  exposed,  a  pair  of  blunt,  non-polariz- 
able  (^  3281  needle  electrodes  are  applied  near  each 
Other  10  various  parts  of  the  cerebral  surface.  We  may 
employ  the  closing  or  opening  shock  of  a  constant 
current,  or  the  constant  current  may  be  rapidly  inter- 
rupted, the  current  l>cing  of  such  a  strength  as  to  be 
distinctly  perceived  when  it  is  applied  to  the  tip  of  the 
tongue  {Fritsch  ami  NiUi^).  Or  the  induced  current 
maybe  u*ed  {/•ern'er^  '^7,?)  of  such  a  strength  that  it 
is  readily  felt  when  applied  to  the  tip  of  the  tongue. 
The  cerebrum  is  completely  tMsefisi&le  to  severe  opera- 
ti&ms  maiie  upon  it. 

The  areas  of  the  cerebral  cortex,  whose 
stimulation  discharges  the  characteristic  move- 
ments, are  regarded  as  achtal  ctnires^  because 
the  reaction  time  after  stimulation  of  the 
centres  and  the  duration  of  the  muscular  con- 
traction are  longer  than  when  the  subcortical  Orbiui  .uria«  ofihe  kfi  fmnui  u.be  nmi  ih 
fibres  which  lead  toward  the  deeper  parts  of 
the  brain  are  stimulated.  Another  circum- 
stance favoring  this  view  is  that  the  excitabil- 
ity of  these  areas  is  influenced  by  the  stimu- 
lation of  afferent  nerves  {Bttbnoff  and  H^i- 
dfnhain).  It  may  be  that  these  centres  are 
acted  upon  by  voluntary  impulses  in  the  exe- 
cution of  voluntary  movements.  Hence^  they  have  l>een  called  '^psychomotor 
(enins.''  The  motor  areas  of  the  cerebrum  (dog,  cat,  sheep)  are  characterized 
by  the  presence  of  specially  large  pyramidal  cells  {Betz,  Merzejtwsky,  Btvaut 
Lrtvis)',  while  similar  cells  were  found  by  Obersteiner  in  the  areas  marked  4  and 
8  (Fig.  428),  and  Betz  found  them  in  the  ascending  frontal  convolution  of  man, 
in  the  third  frontal  convolution,  and  in  the  island  of  Reil.  O.  Saltmann  found 
that  stimulation  of  the  motor  areas  in  newly-born  animals  is  without  result, 
while  only  the  deej-wr  fibres  of  the  corona  radiata  are  excitable. 

Mcxlifying  Conditions. — In  the  condition  of  detp  narcosis  produced  by  chloroform,  ether, 
chloral,  niorphia.  or  in  apmca,  the  excitability  of  the  centres  is  abolished  {Sehiff),  whilst  the  sub- 
cortical conducting  palh^  still  retain  their  excilabihty  [Huhnoff  itHti  HetJenhnin).  SmaU  doses  of 
these  poisons  and  alMj  of  otropin  at  first  increase  the  cxcilaliilily  of  the  centres.  Moderate  loss  of 
blootl  excites  them,  while  a  great  loss  of  blood  diniioishes  and  then  abolishes  the  excitability  {^tunk 
and  Qrschansky).  Slight  tnflairtmation  increases,  while  cooling  diminishes,  the  excitability.  If  the 
cortex  cerebri  be  remoTcd  in  animals,  the  cxcitaliility  of  the  fibres  of  the  corona  radiata  is  com* 
pletely  abolished  atiout  (he  fourth  day,  just  as  in  the  case  of  a  peripheral  nerve  separated  from  its 
centre  {Aibertani,  Mitkieli,  Dttpuy,  Franck,  and  litres). 


island  of  Reil,  Uic  ti|i  of  the  ictnporo- sphe- 
noidal lobe  removed  tu  kIiui*  the  Ulter.  17 
convolmiun  of  the  inarEii>  of  Uic  luiiKiludinaf 
(l«surc  ,  O,  olf.4Cli'ry  fiuucc,  mIiIi  ibe  ul&cloiy 
Iob«  removed  ,  T  R,  trimdiate  fi^Mire ;  1"  And 
l"',  CunvolulioiM  on  the  orbiul  surface ;  i,  i, 
I,  t,  under  surCtce  of  the  tnfcrofroniM  cunvo- 
lution .  4,  under  turliicc  <if  the  BM»ndtng 
fronts,  and  5,  of  ihc  Ahcendine  parietal  con- 
voiutioiu  ;  C.  central  lolw  or  butu). 
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StimuUtion  of  Subcortical  Parts. — As  ihc  fibres  of  the  coroni  rvllala  con»ef  •-  •"-«'-l  ih« 
centre  oi  the  heiniBphcre,  it  is  evident  thai,  after  removal  of  llic  cortex,  ttimalation  ff  ■  n 

the  deeper  parts  of  the  hemisiihcre  is  followc*)  by  the  same   tnoiur   results  (C^/t'iv  ■"  '' (. 

The  stimulus  is  applied  mrrely  to  a  deeper  jiart  of  the  motor  path.  If  the  stimuluf  l«c  Hti|>li«d  la 
p  ns  xitUBted  siill  more  deeply,  as,  for  example,  lu  the  mtemat  tafisuU^  general  contradicm  of  th« 
mu».'les  on  the  opposite  side  is  the  n-sull. 

Time  Relations  of  the  Stimulation. — According  to  Fraock  and  PitreSv  the  lime  which  elaptei 
between  the  mnmcnt  of  stimulation  of  the  coiten  and  the  retiilttnj^  movement,  a'ker  dcdoctiag  ih* 
period  of  latent  siimulaiion  for  the  muscles  and  the  lime  nece~^.sary  for  the  cnnitucnon  of  the  inpifai 
ihrouph  the  conl  and  nerves  of  the  eKlremittcs,  i»  0.04$  wrcond.  Ilei-lcith^iin  anil  Mu^H^off  hHiad 
that,  diiriTiK  moderate  morphianarcoKis,  when  the  stimulating  current  w«  incren^d  in  ^Irrngth.  the 
muscular  contraciion  and  the  reaction  time  L>ecamc  shorter.  After  removal  of  the  cortex,  the  occur 
rence  of  the  muscular  contnctjon  from  the  moment  of  Kimulatioa  of  the  white  maUcr  ia  diniintkbcil 

Fic.  427. 
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View  of  the  braJn  from  above  (1 


li-diacrannuticK    S|.  end  of  nmus  of  the  Sylvian  fUturc. 
to  the  wme  puis  m  tn  Fig-  414. 


Th<  other  knm  fria 


%  \o  K-  The  form  of  the  mascular  contraction  is  longer  and  more  extended  when  the 
than  when  the  subcortical,  path*  arc  uimulated.  If  the  animal  |do^)  be  in  a  state  of  high 
excitability  these  differences  disappear;  in  bi>th  caj?ea  the  contraction  follows  very  rapifUy  (Ai 
atui  HfiilenhiUtt).  If  the  stimulus  be  very  strung,  the  rnUMrlcs  of  the  samt  side  may  contrtct,  bil 
lomewhat  latfr  than  those  of  the  opposite  side  If  the  mo'or  areas  for  the  fore  and  hiod  Vatim  fat 
Stimulated  simultane*iusly,  the  latter  contract  somewhat  after  the  fonner. 

Number  of  Stimuli. — I  f  40  stimuli  per  second  he  applied  lo  a  motor  area,  then  the  carrapoadaic 
muscles  yield  40  siajjle  contractions ;  while  with  46  single  stimuli  per  second  there  results  a  coMtiMwd 
complete  contraction  {h'ranfk  and  Pitrei).  In  one  and  the  same  animal  the  xami  num^r  nf  stimu^ 
is  reijuircd  to  produce  a  continuous  cunlracliun.  whethrr  the  cortical  centre,  the  motor  nerve,  o»ev«i 
the  muscle  itself  be  stimulate).  With  very  frehle  stimuli  aummation  of  aiimuti  take»  plac^.  for 
the  muscular  contraction  nnlv  begins  aftt:r  several  incfTeciive  stim>iti  have  l«eu  applicil.  [  It  u  c*" 
erally  held  that  the  rhythm  of  a  contracting  muscle  is  the  same  os  the  rhythm  uf  the  stimuli  i^ipbtil 
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to  Hi  oiolor  nerve,  but  SchSfer  and  !Iorslcy  contend  thai  ihis  holds  goa<I  for  rale*  oF  stimuli  to 
•bout  10  or  12  per  second.  Tliey  find  thai  the  same  is  true  for  the  cortex  cerebri,  conma  radiata, 
■od  medulla  spinalis,  viz..  that  the  mnsculnr  res{>nnsc  does  not  vary  with  the  rhyrhm  (/.^.,  number 
of  stimuli  i>cr  acC),  but  thm  the  rhythm  i«  constant — almut  10  per  sec— and  independent  of  the 
number  of  stimuli  per  sec.,  providrd  they  arc  alxive  to  per  sec.  applied  to  lhe«e  part«.  Indeed,  all 
voluntary  contraaioas  show  a  similar  rate  of  undulation  in  the  muscle  curre.  Perhapa  the  rhythm 
of  the  efferent  impulses  is  modified  in  the  motor  nerve  cells  of  the  spinal  cord.] 

PThe  matter,  as  regards  electrical  stimulation  of  the  cortex  cerebri,  resolves  it- 
self into  this,  that  stimulation  of  certain  cortical  areas  always  causes  contraction 
in  definite  muscles  or  groups  of  muscles,  resulting  in  definite  coordinated  move- 
ments on  the  opposite  side  of  the  body;  the  areas  have  been  called  *' motor 
areas.**  They  have  been  mapped  out  and  ascertained  in  a  large  number  i>f 
animals,  and  the  question  comes  to  be,  Art-  there  similar  areas  in  man?] 

Primary  Fissures  and  Convolutions  of  the  Dog's  Brain. — The/^jiVitw  of  ihematorcentret 
in  the  dn^'K  brain  is  indicated  in  Y\^.  42i(,  I  and  II.  The  do;;*s  brain  is  marked  by  two  "  primary 
fissnrcs,"  viz.,  the  sulcus  cruciatus  [leuret^  (.S),  which  intersect.^  Ihelungitudinal  fissure  at  a  right 
angle  at  the  junction  of  its  anterior  with  it«  middle  third.  This  fi<isure  has  been  called  the  sulcus 
frontalis  {Otttn),  or  the  fiuuni  corunalis.  The  second  primary-  fissure  is  the  fossa  Sylvii  (F).  Four 
"  primary  convolutions,"  in  addition,  arc  arranged  wiih  reference  to  thc«  primary  fissure*.  The 
fir«t  primar>'  convobitinn  (I),  in  the  form  of  a  <ihar}]ly> curved  knee,  embraces  the  fosKi  Sylvii  (F). 
The  second  convolution  (11)  runs  nearly  parallel  to  the  first.  The  fourth  primary  convolution  (IV) 
bounds  the  longitudinal  Assure,  and  in^  separated  from  it«  fellow  of  the  opposite  side  by  the  falx 
cerelfri  ;  anlerioTl]'  it  embraces  the  sulcus  crucialus  (Si,  so  that  it  is  divided  into  iwu  (utrls  l)y  ibis 
sulcus,  a  [>art,  the  gyrus  pnecrucialusorpra-frontalis.lyinf;  in  front  of  the  sulcus,  and  the  gyrus  povtcru- 
ciata^  (posifrontalts)  lying  behind  it.  The  third  priinar)-  convnluiion  |11I)  runs  parallel  to  the 
fourth.  Some  aathnrs  count  the  convolutinns  fnim  the  longitudinal  fissure  outwnrd.  In  h'ig.  43S.  T 
aod  II,  the  motor  arfus  or  trntrts  are  indicaterl  by  dots  in  t*'e  individual  primary  convolutions.  We 
must  remember,  however,  that  the  centres  arc  not  mere  piints,  but  that  they  vary  in  si^e  from  that 
of  a  pea  upwant,  accurding  to  the  siice  nf  the  animal.  Motor  areas  have  been  mapped  out  in  the 
brain  of  the  monkcv,  rabbit,  rat,  bird,  and  fmg. 

Position  of  the  Motor  Centres  [Dogl,— Kritsch  and  llitrig,  in  1870,  mapped  out  the  follow- 
ing motor  areas,  whose  position  maybe  rea^iily  found  on  referring  to  Fit;.  428:  I  is  the  centre  for 
the  muicUs  of  the  neck  :  2,  for  the  extension  and  ailductor^  of  the  fore  limb  :  3.  for  the  flexion  and 
rotation  of  the  fore  leg ;  4,  for  the  movements  of  the  kitiii  limb,  which  Luciani  and  Tamburini  re- 
solved  into  two  antagonistic  centres;  5,  for  the  muxeies  9/ tke  /are^e*t  the  facial  centre.  In  1873 
Ferrier  discoverc<l  the  following  additional  centres:  6,  for  the  lateral  switching  movements  of  the 
foil:  7*  fo^f  the  retraction  and  abduction  of  the  fore  limb;  8,  for  the  elevation  of  the  shoulder  and 
extension  of  the  fore  limb,  as  in  walking ;  the  area  marked  9.  9,  9,  controls  the  movements  of  the 
orbicularis  palpebrarum,  and  of  the  xygomalicus  (closure  of  the  eyelids),  together  with  the  upward 
movement  of  the  eyeball  and  nnrrouing  of  the  |  upil.  .Stimulation  «if  the  areas  a,  a  (Fig.  Tl),  is  fol- 
lowed by  retraction  and  elevation  of  the  angle  of  the  mouth,  with  partial  opening  of  the  mouth ;  st 
b,  Ferrier  observed  opening  nf  the  mouth  with  pmlrusion  and  retraction  of  the  tongue,  while  the  d^tg 
not  unfrequcntly  howled,  lie  callcil  this  centre  the  '*oral  i.entre.'"  Stimulation  of  r,  r,  causes  re- 
traction of  the  angle  of  the  mouth,  owing  to  the  ai-tion  of  the  platysma,  while  e'  causes  elevation  of 
Ihc  angle  of  the  moulh  and  of  one  half  of  the  face,  until  the  eye  may  be  closed,  just  as  in  9.  Stim- 
ulation of  J  is  followed  by  opening  of  the  eye  and  dilatation  •  f  the  pupil,  while  the  eyes  and  head 
are  turned  toward  the  other  fide.  According  to  H.  Munk,  the  prefrontal  region  ha£  an  influence 
utH^n  the  attitude  of  the  Itody.  The  perineal  muscles  contract  when  the  gyrus  postcrucialus  is  stim- 
ulated. Stimulation  of  the  gyms  prxcruciatus  on  its  anterior  and  sloping  aspect  causes  movements 
in  the  pharynx  and  larynx. 

The  position  of  the  individual  motor  areas  nnay  vary  somewhat,  and  they  may 
be  slightly  different  on  the  two  sides  {Lueiam  ami  Famburini^. 

Strong  Stimuli. — If  the  stimulation  be  very  strong,  not  only  the  muscles  on 
the  opposite  side  contract,  but  those  on  the  same  side  may  also  contract.  These 
latter  movements  belong  to  the  class  of  as.sociated  movements,  and  are  due  to  con- 
duction through  commissural  fibres.  Those  muscles,  which  usually  (muscles  of 
mastication)  or  always  (muscle  of  eye,  larynx,  and  face)  act  together,  appear  to 
have  a  centre  not  only  in  the  opposite,  but  also  in  the  hemisphere  of  the  same  side 
(£xntr).  [All  observers  have  found  that  siimulaiion  of  the  facial  centre  causes 
identical  ^associated)  movements  on  //^///  sides  of  the  face,  so  that  both  sides  of 
the  face  seem  to  be  represented  in  each  hemisphere.  Schifer  and  Horsley'sexperi- 
ments  make  ii  very  probable  thai  some  other  muscles,  ^.^.,  some  of  the  trunk  mus- 


Mechanical  stimulation  has  no  eOect  upon  these  centres.  I^odois  and 
KiilL-nlit-rg  ul>serve<l  iliat  chemical  stimulation  of  these  centres  by  mean*  of 
common  salt  caiiacd  movenicnls  in  the  extremities. 
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Cerebral  Epilepsy. — It  is  of  great  practical  diagnostic  importance  to  ascer- 
tain if  stimulation  of  the  motor  areas  in  man,  due  to  local  diseases  (inflammation, 
tumors,  softening,  degenerative  irritation),  causes  movements.  [Hughlings-Jack- 
son  has  shown  that  local  diseases  of  the  cortex  may  cause  spasmodic  contractions 
in  certain  groups  of  muscles,  a  condition  known  as  "  Jacksonian  Epilepsy,"] 
and  he  explains  in  this  way  the  occurrence  of  unilateral  lucal  epileptiform  spasms, 
which  were  observed  by  Ferrier  and  I^Andois  to  occur  after  inflammatory  irrita- 
tion. Luciani  observed  these  spasms  in  dogs,  and  sometimes  they  were  so  violent 
and  general  as  to  constitute  an   attack  of    epilepsy.     This   condition    became 


Fig.  429. 
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The  bntin  with  tht  chkf  convoluiiuns  uficr  Ecker).  Sec  aho  Tig*.  4a4-4»7  in  tlMtr  relation  to  the  tkall.  Th«  duoi- 
ben  t  to  1^,  and  the  leilcn  a  10  «/,  nutic^ie  cfirticJ  areaii  (p.  718).  S,  Sylrian  ftiturc  :  C,  ccnirnl  sulciii,  or  fi»> 
lUre  of  Rolando.  A.  anterior,  and  B,  (ii>itcriiir,  central  convolutiona;  F,,  upper,  F.,  mldJic,  and  K,,  loweil 
frxnud  coBvolutiun  ;  /,,  superior,  aiid/,,  infcriur  frontal  fiuurc;  y^,  Hilcui  prcccntraiu  ;  P|.  :<upcrior,  P,.  Infe> 
rior  p«rHtal  lobe,  wuh  P,.  irynift  lupramareinalu  ;  P,'.  gyus  aiiffularU  ;  i^f,  Aulcut  iiiEerparielallft:  cf«.  end  of 
calltMO- marginal  nuurv  ;  O,,  O,,  O^,  occipital  convolutlonii ;  /«,  pdrlcio-occipital  fi»urc:  T.,  T,,  T^,  icmporo- 
tphcikoidal  con\ulultona,  K|,  K,,  K,,  poioti  in  the  corooiil  ftuture  .  4,,  4,,  tn  th«  latnbdoidal  lutuie. 

hereditary,  and  the  animals  ultimately  died  from  epilepsy  (§  373).  According  to 
Eckhard,  epileptic  attacks  are  never  produced  by  stimulation  of  the  surface  of 
the  posterior  convolutions. 

Strong  stimulation  of  the  motor  regions  may  give  rise  in  dogs  to  a.  complele  general  convulsive 
epileplic  attack,  which  usually  begins  with  contractions  of  the  groups  of  muscles  specially  related 
to  the  stimutflted  centre  {/•'errter,  liu/fndrrg  and  Liim/oii,  Ai6ertoMi^  Luciani  and  Tamhunni), 
then  often  passes  tolhc  corresponding  limb  of  the  opposite  side  (ass«Kialed  movetnenls) ;  and,  lastly, 
all  the  muscles  of  the  body  are  thrown  into  tonic  and  then  into  clonic  spasms.  The  opposite  side 
of  the  body  has  l>een  observed  10  pass  into  spasm  from  below  upward,  after  the  cootimcUons  were 
developed  in  the  other  side.     The  epasmodic  excitement  possei  from  centre  to  cen*.re,  tn  imerme- 
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dkte  motor  region  never  being  pused  over.  SoiDetinie&  feeble  nimulalion  above  the  inlenul 
tule  i%  sutficient  to  cause  thift  conditinn.  ATter  this  condiiion  has  once  l*een  produced,  ihe  ilii'Mnr 
klimulation  may  suffice  tn  bring  on  a  new  ejiilcplic  attack  ({  373]>  Slimutation  of  the  •ubcortical 
while  mntter  cau.ses  epilepsy,  which,  however,  be^ini  in  the  mu!M;lea  uf  the  jamf  si<le  {Buhnof  and 
/Ifi,{fHh<tiH),  These  contractions  arc  due  to  an  escape  o(  ihe  etecihcftl  current,  which  thus  rcattirl 
the  nietlulla  olilongata  [\  3731-  If  certain  mulur  areas  are  extirpated,  the  cpilc^rfic  attack  i»  abtCBl 
from  the  mtuclcs  conirijltcd  by  these  areas  {Luciani).  SeparatJun  uf  the  motor  cuiiicaJ  ares  by 
means  of  a  hori/onial  section  tiuring  an  aitack  cuts  !>hort  trie  latter  \^MHnk\.  Uunng  «»  efillcfbc 
attack  it  is  {xixsible  to  excise  the  motor  area  of  one  eatrcmity  and  thus  exclude  ihti  hrob  fron  iW 
attack  while  the  rat  of  the  Uo<ly  it  convulsed. 

Effect  of  Drugs. — The  continued  use  oi  j>oiassium  trcmii/f  prtventi  the  possihiliiy  of  ^Aadaf 
epilepsy  on  sltmulaling  the  cortical  areas.  A/ro/m  in  small  doK&  incrcake^  the  cicitalhlttf  of  ibc 
motor  areas,  while  in  lart;e  doses  it  |jaralyzes  them. 

[Motor  Centres  in  the  Monkey. — Ferrier  ha.s  mapped  out  a  large  Dumber 
of  centres  on  tlie  outer  surface  of  the  brain  in  ihc  monkey,  and  to  each  centre  br 
has  given  a  number.  These  numbers  have  been  transferred  to  corresponding  cod- 
volutions  on  the  human  brain,  and  numbered  actordingly.  These  convoluhons 
in  the  monkey  occupy  the  posterior  extremities  of  the  posterior  and  middle 
frontal  convolutions^  the  ascending  frontal,  ascending  parietal,  and  (jort  of  the 
parietal  lobule.] 

[Ftg.  429  renreacnts  these  area-t  transferred  to  the  cotrespondtng  areoa  in  man.  (1)  On  tlit 
superior  pahu-tal  loliule  (advance  of  the  opi^KiNite  hind  limb,  as  in  walking).  (2),  (3),  14;  Around 
the  upper  exiren^iljr  of  the  lissure  of  Rolando  (complex  movements  of  Uie  opftociite  leg  and  irm, 
and  of  the  trunk,  as  in  swimmmg).  {a),  {&),  \,-),  (r/),  On  the  ascending  paricul  or  jjoitcrior  ots* 
Iral  convolution  (individual  and  comtuned  movemenlii  of  the  lingers  and  wrist  of  (he  oppowle  bud 
or  prehensile  movements).  (5J  Fosterior  end  of  the  superior  frontal  convolutM:)ii  (extensioa  fcr* 
ward  of  the  op[KJsile  arm  and  hand).  {6)  Upper  part  ol  the  ascending  frontal  or  anienor  cciinl 
convolution  (supination  ami  flexion  of  the  opposite  forearm).  (7)  .Middle  of  the  same  ormvotoiiai 
(retraction  and  elevation  of  the  opposite  angle  of  the  mouth),  (it)  At  the  lower  cod  of  the  anr 
convolution  (elevation  of  the  ala  na*ii  and  upper  Up,  and  depression  of  the  lower  lip  on  the  o^ipo- 
site  side).  (9),  (10),  Broca's  convolution  1  opening  of  the  mouth  with  prutrosioo  and  retraction  of 
the  tongue — aphasic  region),  (ii)  lictwccn  10  and  the  lower  end  of  the  ascending  (>aneial («■ 
volution  (retraction  of  the  opposite  angle  of  the  mouth,  the  henil  turns  toward  one  side)  (tij 
Posterior  pan  of  the  superior  and  middle  frontal  convolutions  (the  eyes  open  widely,  the  v*V^ 
dilate,  and  the  head  and  eyes  turn  toward  the  opiiosite  side).  (13),  1 13')  Supramargiail  iirf 
angular  gyrus  (the  eyes  move  toward  the  opposite  side,  and  upward  or  downward — tciKir  ol 
vision).  (14)  Superior  temporo-sphenoidol  convolution  (pricking  of  the  opposite  emr,  pupib  Uiltfc, 
and  the  head  and  eyes  turn  to  the  oppu^te  side — bearing  centre).] 

[Schafer  and  Horsley  have  extended  Ferrier's  researches,  and  shown  that  motor 
centres  exist  in  the  marginal  convolution  (Fig,  430),  which  is  excitable  only 

in    that    portion  which   corresponds  ifl 
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extent  (antero-posteriorly)  with  the  ex- 
citable portion  of  the  outer  surface  o( 
the  hemisphere.  Anteriorly  it  reaches 
forward  to  a  line  which  is  opposite  the 
junction  of  the  posterior  and  middle 
thirds  of  the  superior  frontal  convolu- 
tion (centre  la),  while  iHjsicriorly  i' 
extends  backward  to  opjx>site  the  pan- 
ctal  lobule,  including  the  pamcentnl 
lobule,  which  contains  large  muUipolir 
pyramidal  motor  cells.  The  rest  of  the 
mesial  surface  is  excitable.  'l*hcy  fit»d 
that  the  centres  arc  arranged  from  before 
backward  in  the  following  order:  ibc 
motor  region  of  the  elbow  and  shouldCi 
then  follow  centres  for  the  trunk  muacH 
such  as  give  rise  to  arching  of  the  iruni 
in  the  dorsal  and  lumbar  regions  ;  also  flexion  ( ilio-psoas  muscle)  and  cxtensioa 
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Inner  aui&cc  at  right  hcmL*pherc.  /IS,  ar«K  governing 
iht  oiovinienu  of  the  smt  and  kbouktcr;  TV,  vf 
tht  tmnlc;  /rf,  iho«c  nf  ihc  leg  :  (^,  gym*  forni- 
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(glutei)  of  the  hip  ;  hamstring  and  extensors  of  the  knee  ;  movements  of  the 
ankle  and  digits.      The  centre  for  the  thigh  muscles  is  in  the  paracentral  lobule.] 

['Excitation  of  the  Area  AS  produces  movements  of  the  arm.  These  varjr  according  to  the  spot 
»timularcd,  l)ut  toward  the  nntenor  part  cf  the  area,  movements  of  the  wrist  and  Tore  arm,  toward 
the  posteriur  pan  movemenls  of  the  arm  and  »houidcr,  are  more  frequently  iKe  result  of  the  exci- 
tation. Exciiaiian  of  Tr  produces  movements  of  the  iriink,  generally  arching  and  mtalion.  Those 
movements  which  are  called  forth  by  stimulating  !he  anterior  part  of  the  area  arc  u-ualiy  confined 
to  the  upper  part  of  the  trunk  (thoracic  region),  and  are  often  associated  with  mtivtmenls  of  the 
shoulder  and  arm;  those  called  forth  by  stimulating  the  poMeruir  part  are  movements  of  the  ab- 
dominal and  [.lelvic  regions  and  of  the  tail,  and  are  often  asst^ciaicd  with  movem-;nis  of  the  hip  and 
leg.  Excitation  of  the  area  L.  produces  movements  in  the  lower  limb.  These  vary  accordinR  to 
the  pan  stimulated,  extenwon  of  the  hip  bcinfi  especially  associated  with  excitation  of  the  anterior 
part  of  the  area,  and  contraction  of  the  ham»trinfc;s  with  excitation  of  the  middle  part.] 

[Do  similar  Centres  exist  in  Man  ?— The  results  of  clinical  and  patholog- 
ical investigations  siiow  that  similar,  although  not  absolutely  identical,  areas  exist 
in  man.     The   motor   areas,   or  those 

which  have  a  s[>ecial  relation  to  voiun-  5^>"  43» 

tary  motion  in  man»  occupy  the  "cen- 
tral" convolutions, /.  r.,  the  ascending 
frontal  and  ascending  parietal  convo- 
lutions along  with  the  superior  parietal 
lobule,  and  along  the  mesial  surface  of 
the  hemisphere  ihc  paracentral  lobule 
and  precuneus  (Fig.  431).  In  this 
region  the  upjuT  third  of  the  ascend- 
ing frontal  and  parietal  convolutions 
along  with  the  superior  (wrietal  bt_Mng 
the  leg  area  (Fig.  431,  /<x),  the  mid- 
dle third  of  the  ascending  parietal  and 

ascending  parietal  for  the  arm,  and  the    Motor  areu  in  miu  shaded— outer  turfjcc  or  Uie  leftudeof 

upper  part  of  the  lowest  third  of  these  hum««^ra^^l)oii.d««.ihc«ph«ic  region  (n,^,fi.d 
convolutions  for  the  face,  while  the 

very  lowest  part  of  the  ascending  frontal  convolution  is  the  area  for  the  move- 
ments of  the  lips  (L)  and  tongue  (T),  (compare  Fig.  433).  The  last  area,  with 
the  posterior  extremity  of  the  third  left  frontal  convolution,  is  the  centre  for 
voluntary  Speech.  We  cannot  say  whether  these  "  centres  "  are  sharply  mapped 
off  from  each  other.  In  any  case  a  very  strong  stimulation  of  one  centre  may  in- 
volve an  adjacent  area.  So  far  as  is  yet  known,  centres  Nos.  5  and  12,  as  repre- 
sented on  the  monkey's  brain — those  on  the  posterior  extremity  of  the  superior 
and  middle  frontal  convolutions — (5)  for  extension  forward  of  the  arm  and  hand, 
and  (12)  for  opening  the  eyes  and  turning  the  head  toward  the  opposite  side  (as 
in  surprise;  are  not  rcprt^ented  in  the  human  brain.] 

[Gowers  maintains  that  this  region  is  not  exclusively  motor,  but  that  destruction  of  these  parts 
alio  leads  to  >omc  los  of  sensation.  Starr  also  asserts  that  perceptions  occur  in  the  gray  matter  of 
the  cortex  of  the  "  central  "  region  and  parietal  convolutiim;*.  and  that  the  various  sensory  areai  ftr 
the  various  pans  of  the  body  tie  alxiut  and  coincide  to  s»ime  extent  with  the  motor  various  area*  for 
iimilar  parts,  but  the  sen>ory  area  is  mure  extensive  than  itie  motor  area,  extending  into  the  parietal 
behind  the  motor  area,  which  is  conlined  to  the  ascending  frontal  and  parietal  convoluiions.j 

[II.  Method  of  Destruction  of  Parts  of  the  Cortex.— MucK  cunfu&ion  in  this  matter  has 
arisen  from  comparing  the  results  obtained  on  animals  of  different  sjiecies.  It  seems  quite  certain 
that  the  results  obtained  in  the  dog  are  nuite  diflferent  from  those  in  the  monkey.  The  motor  areas 
may  be  simply  excised  with  a  Vnifc,  or  Ihc  surface  of  the  brain  may  be  washed  away  with  a  stream 
of  water,  as  was  done  by  Goltt  in  dogs.] 

[In  the  dog;  the  areas  which  are  described  as  motor  may  be  removed  either  by  the  knife  {//«-- 
mann),  or  by  means  of  a  stream  of  water  so  directed  as  to  wash  away  the  gray  matter.  In  both 
cases,  although  there  was  some  iiaralysis  on  the  opposite  >>ide  of  the  body,  this  was  but  temporary, 
for  the  paralysis  disappeared  within  a  few  days,  the  animals  having  very  decided  control  over  their 
muscles,  although  Goliz  admita  that  certain  acts,  especially  those  which  the  dogs  bad  liecn  trained 
to  execute,  r.^.,  giving  a  paw,  were  executed  "clumsily,"  indicating  some  failure  of  complete  con* 
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trol,  which  Goltz  iscribed  to  loss  of  tactile  KiisibtUty.  Goltz  thinks  ibal  the  extmi  of  llie  injviy  h«s 
more  (o  do  with  the  result  than  the  locality.  .  The  rejAoraiion  of  motion  was  not  due  to  the  acttun 
of  the  corresponding  centre  of  the  oppoMle  side,  as  destruction  of  this  cenlrc,-alihough  n  produced 
the  usual  syraplomk  on  the  side  which  it  governed,  had  no  effect  on  the  previous  ressit  \C4nnik 
ami  Vurr/).] 

[In  the  monkey  there  can  be  no  doubt,  from  the  experiments  of  Ferrier.  that 
deslniction  of  a  motor  centre,  f.  ^'■, ,  that  for  the  arm,  results  in  pfrman^nf  \ia- 
ralysis  of  the  arm  of  the  opposite  side,  and  if  the  centres  for  the  arm  and  leg  are 
destroyed  there  is  permanent  hemiplegia  of  the  opposite  side.  Indeed.  Schifrr 
and  Horsley  have  removed  the  motor  centres  on  the  outer  surface  of  the  hemi- 
spheres and  those  for  the  trunk  muscles  in  the  marginal  convolution,  and  they  find 
that  the  result  is  absolute  hemiplegia.] 

[In  man  records  of  destructive  lesions  of  the  motor  areas  in  whole  or  part  have 
now  a(-<'uinnlated  to  such  an  extent  as  to  leave  no  doubt,  that  if  there  be  say  a  de- 
structive lesion  of  the  middle  third  of  the  cortex  of  the  ascending  frontal  and 
ascending  parietal  convolutions,  there  will  be  paralysis  of  the  arm  of  the  opposite 
side,  and  the  same  is  true  for  tlie  other  centres.] 

[In  extirpation  of  the  motor  centres  much  confusion  has  arisen  from  com- 
paring the  results  obtained  on  different  animals.  In  the  dog  there  is  no  pernoanetit 
motor  paralysis,  in  the  monkey  and  man  there  is.  The  difference  is  this,  that  in 
the  dog  the  lower  centres,  perhaps  the  basal  ganglia,  arc  able  to  subserve  the  exe- 
cution of  those  coordinated  movements  required  for  standing,  progression,  etc. 
As  we  proceed  higher  in  the  animal  scale,  the  motor  cortical  centres  assume  roofe 
and  more  of  the  functions  subserved  by  the  basal  ganglia  in  lower  aninials.  There 
is,  as  it  were,  a  gradual  displacement  of  motor  centres  to  the  cortical  region  as  we 
ascend  in  the  zoological  scale.] 

DifTerences  in  Animals. — The  higher  the  development  of  the  intelligence  of  the  onitzab  ibe 
more  their  movcmeni*  have  been  leorned,  and  have  gradually  come  lu  be  controlled  by  ihe  will; 
in  them  the  dislurl>ancc  of  the  motor  phenomena  becomes  more  pronounced  and  pcnisienl  iftei 
destruction  of  the  coitical  psychomotor  centre!.  While  in  the  lower  venebnito,  inclndinf  ibe 
birds,  extirpation  of  the  whole  hemispheres  does  not  materially  interfere  with  the  iBoveincnla» flK 
cojjrdinated  reflex  movemenis  being  sufficient ;  in  dogs  occasionally,  boi  except lonally,  extiipaboa 
of  Kxeral  motor  areas  produces  viMblc  pennanent  disturbance  of  motor  acts,  while  ia  monkey* 
and  man  fj  378)  the  paralytic  phenomena  may  be  intense  and  persistent. 

Acquired  Movements. — Among  the  movements  performed  l>y  men  are  many  which  bave  beta 
acquired  after  much  practice,  and  have  been  subjected  to  voluntary  control,  r.g^.,  the  mOTcmenlaor 
the  hands  for  many  manual  occupations.  After  a  Intion  of  the  psychomotor  centres,  such  mot*. 
menu  ore  reacquired  only  very  slowly  and  incompletely,  or  it  may  t>e  mit  at  all.  [The  inicrlercacK 
with  these  finer  acquired  movements  sometimes  becomes  very  marked  in  lesions  of  the  imMor  tnm 
produced  by  hemnnhagc,  and  in  some  cases  of  hemiplegia.]  Those  movement*,  however,  whicb 
are,  as  it  were,  innate  [or,  as  they  are  sometimes  termed,  fundamental  in  up^xHiiiun  To  acquired], 
and  are  under  the  conlrul  uf  the  will  without  much  practice — such  as  the  as^uaaicd  movements  of 
the  eyes,  face,  some  of  those  of  the  llmbii — are  either  ra[>idly  restored  after  the  lesion,  or  ihej  ap- 
pear to  suffer  but  slightly.  After  a  lesion  of  the  ccrelira.1  cortex,  the  facial  muscles  are  Dcver  so 
completely  paralyzed  as  from  a  lesion  of  the  trunk  of  the  fnciaj  nerve  ;  usually  the  eye  can  be 
closed  in  the  former  cose.  The  movements  necessary  for  sucking  have  tieen  perlormed  by  a  hemi- 
cephalic  infant. 

Theoretical. — Hiizig  ascribes  the  disturbance  of  movement,  after  the  removal  of  ibe  BMor 
centres,  to  the  loss  of  the  "  nutitular  ifHstdtlity."  Schiff  ascribes  it  to  the  loss  of  ta<fiU  t^mtiMi^. 
According  to  Kerner,  the  tactile  and  senK>ry  impressions  are  not  appreciably  diminished  or  altered 
The  descendmg  degeneration  of  the  pyramidal  tracts  in  the  lateral  columns,  according  to  Sckitf, 
occurs  after  section  of  the  posterior  half  of  the  cervical  spinal  cord,  or  even  after  seaion  of  the  pas. 
icrior  part  of  the  lateral  colu  nos.  After  dividing  the  latter,  and  allowing  secondary  degencruxw 
to  lake  place,  it  is  not  possible  lo  discharge  movements  by  stimulating  the  coricx  cerebri.  [Schifi 
divided  the  posterior  column  of  the  cord,  and  found  that  stimulation  of  the  opposite  motnr  coites 
failed  to  excite  movements  in  the  opposite  fore  liml>s.  lie  supposed  that  this  result  wu  doe  to  u- 
cending  degeneration.  Horsley  finds,  however,  that  Schitf' s  results  are  due  In  Iransvene  aseptic 
myelttts  at  the  scat  of  operation,  and  causing  a  "  block  "  there  in  the  motor  tract.]  The  ponenof 
columns  and  their  continuation  upward  10  the  |}<rain  arc  supposed  to  carry  the  impulses  upward  to 
the  cerebrum  (ascending  limb  of  ihc  reflex  arc),  where,  after  l)etng  modiheil  in  the  ccnire*.  they  irt 
carried  outward  t)y  the  pyramidal  tracts  (descending  limb  of  Ihe  reflex  arcf.  [Some  hold  thai  l^ 
posterior  columns  are  directly  connected  with  the  conical  motor  area,  while  others  think  ibd  ft 
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sensory  pcrceplive  centre  i%  interposed  between  the  BiTerent  and  efferent  im)>ulses.}  Between,  but 
leeper  in  the  brain,  lie  ibe  cenlrtu  for  indite  sensll'ility.  LanHuiK  ami  Kulenberg  observed  in  * 
'dog,  TrDm  which  the  motor  centres  fur  the  cxiremilicft  had  been  rcniuved  on  6ri/A  sides,  that  the  move* 
ments  liecame  compielcly  ataxic,  i.  e.,  the  Riiimal  could  not  execute  such  cudrdiiiated  movemenls 
a»  walking,  standing,  etc,  (iollz  reganis  the  disturbAnces  of  movemenl  after  injury  of  (he  cortex 
,U  due  to  inhtbitiun.  SchifT  maintains  that  when  the  cortex  cerebri  i»  sitmutotcd  we  do  ncit  dimu- 
llate  B  cortical  centre,  but  only  (he  sensory  chatttieU  of  a  rcHex  arc,  the  continuation  of  the  po5lcrior 
cnlumns,  so  that  on  this  supjxisition  the  movements  re.iulling  from  stimulation  of  the  motor  points 
would  be  reflex  movemenls.  The  centres  he  deeper  in  the  brain.  This  view  is  not  generally  en- 
tertained. 

Modifying  Conditions. — The  excitability  of  the  motor  centres  is  ca])able  of 
being  considerably  modified.  Stimulation  of  sensory  nerves  diminishes  it  ;  thus 
the  curve  of  contraction  of  the  must:les  becomes  lower  and  longer,  while  the  re- 
action time  is  lengthened  simultaneously.  Only  when,  owing  to  strong  siimtila- 
tion,  the  reflex  muMiular  contractions  are  vigorous,  the  excitability  of  the  cortical 
centres  appears  to  be  increased.  Specially  noteworthy  is  the  fact  that,  in  a  cer- 
tain stage  of  morphia- narcosis,  a  stimulus  which  is  too  feeble  to  discharge  a 
contraction  becomes  effective  at  once,  if  immediately  before  the  stimulus  is  applied 
10  the  cortical  centre  the  skin  of  certain  cutaneous  area-s  be  subjected  to  gentle 
tactile  stimulation.  When  strong  pressure  is  applied  to  the  foot  the  contractions 
become  tonic  in  their  nature,  so  that  all  stimuli,  which  under  normal  conditions 
produce  only  temporary  stimulation,  now  stimulate  these  centres  continuously. 
If  during  the  tonic  contraction  one  gently  strokes  the  back  of  the  foot,  blows  on 
the  face,  gently  taps  the  nose  or  stimulates  the  sciatic  nerve,  suddenly  relaxation 
of  the  muscles  again  occurs.  These  phenomena  call  to  mind  the  anahigous  ob- 
servations in  hypnotized  animals  (§  374).  Another  very  remarkable  observation 
is  that,  when  either  owing  to  a  reflex  effect,  or  owing  to  strong  electrical  stimula- 
tion of  a  corlii-al  centre,  contracture  of  the  corresponding  muscles  is  produced, 
then/(r<rj*/^' stimulation  of  the  same  centre,  but  also  of  other  centres,  suppresses 
movement.  Thus  we  have  the  remarkable  fact  that,  according  to  the  strength  of 
the  stimulus  applied  to  the  motor  apparatus,  we  can  either  produce  movement  or 
suppress  a  movement  already  in  progress  i^Bubnoff  and  Heidenhain), 

[Excision  of  the  Thyroid  affects  the  nerve  centres.  After  thyroidectomy  {twcnly-four  hours) 
the  tetanus  obtained  by  Mimulating  the  cortex  is  greatly  changed.  It  ceases  when  the  biimuloting 
current  is  shut  off  as  suddenly  as  that  observed  un  stimulating  the  corona  radiala.  tn  more  advanced 
case*  the  tetanuK  is  soon  cxhausteil,  nnd  is  often  followed  by  clonic  cpiIe{)toid  spasms.  In  the  latter 
itoges,  after  thyroidectomy,  there  may  be  only  a  feeble  tetanus,  or  none  at  all,  on  stimulaimg  the 
motor  area«.  so  great  is  tlie  stale  of  depresMon  of  function  o!  lhc»e  centres  {//ort/ey).] 

[Warner  has  directed  'Ucniion  to  visible  muscular  movements  apart  from  those  studied  id 
epucpsy,  chorea,  bihetois — and  including  attitude,  gait,  inuverrenis  of  the  eyeballs,  position  of  the 
hand,  and  posture  in  general,  elc._a.s  expressive  of  states  of  the  brain  and  nerve  ccotres.] 

376.  THE  SENSORY  CORTICAL  CENTRES.— [There  must  be 
some  connection  between  the  surface  of  the  brain  and  the  afferent  channels  through 
which  sensory  impulses  pass  inward,  and  although  the  channels  for  sensory 
impulses  are,  perliaps,  not  so  definitely  localized  as  those  for  voluntary  motion, 
still,  we  know  that  sensory  iraptilscs  for  the  opposite  half  of  the  body  travel  up- 
ward through  the  posterior  third  of  the  jjosterior  limb  of  the  internal  capsule 
(Fig.  439,  ^),  to  radiate,  in  all  probability,  into  the  occipital  atid  temporo-sphe- 
noidal  lobes.  Parts  of  these  convolutions  are  sometimes  spoken  of  as  "  sensory 
centres  "  or  "  psycho-sen sorial  "  areas.] 

['['he  same  methods  have  heen  applied  to  the  investigation  of  these  centres,  vit.,  stimulation  and 
extirpation.  Stimulation. — Ferrier  found  that  eleclncal  stimulation  of  the  angular  gyrus  1  monkey) 
caused  movements  of  the  eyeballs  luward  the  side,  with  sometimes  associated  movements  of  the 
head,  hut  he  regarded  these  as  rcHex  movemenls,  an  that  for  this  and  other  reasons  he,  in  hi«  earliest 
contributions,  regarded  the  angubr  gyrus  and  adjacent  parts  as  the  "centre  fur  vision."  On  siimo- 
latingibe  first  lempuro  s|i)ieiioidal  couvolutiun. the  monkey  [ricked  the  upput^ite  ear,  the  [>u].>ilb  dilated, 
while  the  head  and  ears  turned  In  the  opposite  side ;  it  exhil'iled  movements  siniibr  to  those  caused 
by  a  loud  lound.  Theae  iiiovements  are  also  rcHex  phenomena,  so  that  be  located  the  "  auditory 
46 


722 


THE   VISUAL  CENTRE. 


ocnue*'  in  this  re^on,  and  on  somewhat  similar  f^ouods.  A«  the  revolt  of  \nS<tenoe*  fnm  iIk 
stimulation  and  cxtirjKitioii  of  otiier  pam,  he  rt-fcrred  the  ccnirrk  for  imcll  and  ta»te  to  the  tip  of 
the  lemporo  sphenoidal  lobe,  and  toiicn  to  the  hippocampus  majur;  boi  all  ilie«c  sUlemeutt  Imv 
not  bceu  conlirmed.] 

[Golti:  expcrimcnicd  on  dogs  by  washing  away  the  oonex  cerebri,  and  foood  that  wben  a 
suAicient  amount  of  the  gray  matter  is  rrmuved,  and  afier  recovery  from  the  immediate  effccis  ut 
the  oiwralion,  there  is  a  peculiar  defect  of  visiun  and  other  5en!u>ry  defects ;  but,  no  far.tjolu  ha*  no* 
found  that  there  is  any  differcDCc  in  this  respect  Ixrtwccn  removal  of  the  anterior  and  posienar  luio 
of  the  dog's  brain.  The  dog  is  not  blind,  as  it  cnn  see  and  u-e  hi*  eye*  lu  svuid  otj»iactrk,  (ml  i 
seemed  as  if  the  animal  failed  to  recognize,  as  such,  c.^.,  rood  or  (\esh  placed  beture  it,  while  e^hi 
biiions  which  before  the  operation  greatly  excited  the  do^  cca»ed  to  do  so.  Golu.  caused  hit  semia 
to  dress  himself  in  a  mummer's  red-colored  garb,  which  greaily  excited  the  dog,  but  after  the  opcta- 
tion  the  dog,  although  it  was  not  blind ,  was  no  longer  excited  thereby.  Nor  was  it  aftcrwani  cowed 
by  the  appearance  of  a  whip.  After  a  time  there  was  recovery,  to  a  certain  extent,  if  the  anintl 
wa.s  trained,  whether  by  ihc  deposition  of  new  impre^tii^ns,  or  by  op-ening  up  new  chanucU.  or  bf 
the  i^artial  recovery  uf  some  psris  of  the  gray  matter  nut  rctnoved,  it  is  iii)|x>»ible  tu  say.] 

[Munk  has  mapjxd  out  the  surface  of  the  brain  into  a  series  of  "senutry"  or  psycho-sensoriil 
centres,  hut  he  distinguishes  between  complete  and  total  extirpation  of  thes«  cemrcs  and  the  plkC* 
Domena  which  fallow  these  opctaiions.] 

When  these  centres  are  partially  disorganized,  the  mechanism  of  the  seniory 
activity  may  remain  intact,  but  "  the  conscious  link  is  wanting."  A  dog  with  itt 
centres  thus  destroyed  sees,  hears,  or  smells,  but  it  no  longer  knows  what  it  sees, 
hears,  or  smells.  These  centres  are,  in  a  certain  sense,  the  seat  of  experience  that 
has  t)een  acquired  through  the  organs  of  sense.  Stimulation  of  these  centro 
may  give  rise  to  movements,  such  as  occur  when  stiddeti  intense  sensory  irapm* 
sions  are  produced.  These  movements,  therefore,  arc  to  be  regarded  as  rrflex, 
partly  as  extensive  coordinated  reflex  movements,  and  are  in  no  way  to  be  con- 
founded with  the  movements  which  result  from  direct  btimulation  ot"  the  motor 
cortical  centres.  To  this  belongs  dilatation  of  the  pupil  and  the  lissure  of  th« 
eyelids,  as  well  as  lateral  movements  of  the  eyeball. 

I.  The  "visual  centre,"  according  to  Munk,  embraces  the  outer  convex 
part  of  the  otcipilal  lobe  of  the  dug's  brain.  [This 
centre  and  its  connections  are  represented  m  Fig.  43*. 
]t  is,  therefore,  in  the  area  supplied  by  the  postenor 
irerebral  artery.]  If  this  region  be  completely  dcstroyrd. 
the  dog  remains  permanently  blind  ("  cortical  or  ftb* 
solute  blindness  *')  m  the  eye  of  the  opf>ositc  side. 
If,  however,  only  the  central  circular  area  be  destroyed. 
there  is  loss  of  the  conscious  visual  sensation  of  the 
opposite  side,  which  may  Iw  called  '*  psychical  blind- 
ness "  {Afunk)  [a  condition  of  visual  defect  like  ibit 
observed  by  CIoliz  in  the  dog,  in  which  the  dog  saw  an 
object,  f.f^.^  its  food,  but  failed  to  recognize  it  as  such. 
There  is  a  certain  amount  of  recovery  if  the  whole  viaul 
area  be  not  removed]. 

[Ferrier  and  Yeo,  however,  find  that  after  operaliou 
conducted  antiseptically,  removal  of  both  occipital  lobes 
(monkeys)  does  not  cause  any  recognizable  disturb»ncf 
of  vision  or  other  bodily  or  mental  derangement,  pro- 
vided the  lesion  does  not  extend  beyond  the  paiKiti- 
occipital  fissure.  Nor  does  destruction  of  both  inguUt 
gyri  cause  i>ermanent  loss  of  vision  ;  such  loss  of  vi«wo 
lasts  only  three  days,  so  that  in  Ferrier's  original  «• 
pcriments  the  animals  lived  for  too  short  a  time  aftc* 
the  operation  to  enable  a  just  conclusion  to  be  amrtd 
at.  Destruction  of  both  angular  gyri  and  occipital  lobes  causes  total  and  pcrmi- 
nent  blindness  m  both  eyes  in  monkeys,  without  any  impairment  of  the  oiliet 
senses  or  motor  power.] 


Fig.  432- 
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(After  Munk). 
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Mauthner  denies  the  existence  of  cortical  blindness,  nod  believes  that,  after  destruction  of  the 
middle  of  the  visual  centre,  the  rcaA(in  why  the  (10^;  docs  not  recognize  the  object  with  the  nppo&ile 
eye  is  because,  owing  lo  their  beuigouly  indirect  vision,  there  is  no  distincl  im()rcssLon  on  the  retina. 
The  position  of  the  visual  centre  has  been  variously  stated  by  different  observtrs.  According  lo 
Ferrier,  in  the  dog  it  lies  in  the  occipital  part  of  the  III  primary  convolution,  near  the  spot  marked 
^,  c,  t,  in  Fig.  428:  according  to  hia  newer  researches,  in  the  occipital  lobe  and  gyrus  annularis. 

Connection  with  the  Retina. — Munk  asserts  that  in  dogs  60/A  retin<\-  are  conneaed  with  each 
psycho-optic  corticdl  centre,  and  in  such  a  manner  that  the  greatest  part  of  each  retina  is  connected 
with  the  opposiit  cortical  centre,  and  only  by  its  most  external  lateral  marginal  part  with  the  ccalre 
of  the  same  side.  If  we  imoKine  the  surface  of  one  retina  to  he  projected  upcm  the  centres,  then  the 
most  cxiemni  margin  of  the  tirst  is  connected  with  the  centre  of  the  same  side,  the  inner  margin  of 
the  retina  with  the  inner  area  of  the  opposite  centre,  the  upper  margin  with  Ihe  anterior  area,  and 
the  lower  marginal  part  of  the  retina  with  the  posterior  area  of  the  opposite  side.  The  (shaded) 
middle  of  the  centre  corresponds  to  the  position  of  direct  vision  of  the  retina  of  the  opposite  side 
{compare  \  344). 

Stimulation  of  the  visual  centre  in  dogs  causes  movements  of  the  eyes  toward 
the  other  side,  sometimes  with  similar  movements  of  the  heart  and  contraction  of 
the  pupils.  If  one  eye  be  excised  from  new-born  dogs,  the  ojiposlte  psycho-optic 
centre,  after  several  months,  is  less  developed  {Mttnk).  After  extirpation  of 
the  visual  centre  in  young  dogs,  the  channels  which  connect  it-with  the  optic  nerve 
undergo  degeneration  {i:  Monakow)  (§  344). 

Id  monkeys  the  centre  lies  at  the  tip  of  the  occipital  lobe.  Unilateral  destruction  causes  blindneu 
of  the  halves  of  both  retin.-e  lying  on  the  side  of  the  injuiy.  The  visual  centre  in  pigeoiiH  (Fig. 
428,  IV,  where  i  is  placed}  lies  somewhat  behind  and  internal  to  the  highest  curvature  of  ihe  hemi- 
spheres (J/' jV>n</rTf^, />rr;>r,  MusekoiJ).  The  visual  centre  in  the  frog  lies  in  the  opiic  IoIjc 
(BliiseffJko). 

[The  visual  path  is  along  the  optic  nerve  to  the  chiasma,  where  the  6brcs  from  the  nasal  half 
of  each  retina  cross  lo  the  optic  tract,  some  of  the  filircs,  perhaps.  Itccoming  connected  with  ibe 
external  corpora  geniculata,  and  some  with  the  pulvinar  of  the  optic  thalamus  and  corpora  fjuadri- 
gemina,  while  the  great  mass  sweeps  backward  lo  the  occipital  IoIks  as  the  optic  expansion  of  Cira- 
tiolcl.  Destruction  of  (his  path  behind  the  chiasms  causes  hemiopia.  and  certain  disea»e»  of  the 
occipital  cortex  cause  a  similar  result.  Perhaps,  however,  there  is  another  centre  in  the  angular 
gyrus  (and  supramarginal  lobe),  for  in  cases  of  word*blindness  disease  has  been  found  in  these 
i^ions.  Sometimes  flashes  nf  light  or  the  appearance  of  a  ball  of  lire  terms  the  aura  in  epilepsy, 
and  Hughlings  Jaclison  thinks  iha(  dischaij^ng  lesions  of  the  right  occipital  lobe  cause  colored 
risiun  more  frequently  (ban  an  the  left.] 

I  3.  The  centre  for  hearing,  or  "  auditory  area,"  lies  in  the  dog,  according 
^O  Ferrier,  in  the  region  of  the  second  primary  convolution  at /,/,/,  (I'ig.  428, 
II),  while  in  the  monkey  and  man  it  is  in  the  first  temporo-sphenoidal  convolution 
(Ferricr's  centre,  No.  14).  Munk  locales  it  in  the  same  region.  According  to 
Munk,  destruction  of  the  entire  region  causes  deafness  of  the  oppositf  ear,  while 
destnirtion  of  the  middle  shaded  part  alone  causes  "psychical  deafness" 
(J*  Steifniaubhrii*').  Stimulation  of  the  centre  is  followed  by  a  reaction  which 
closely  resembles  that  produced  by  a  sudden  fright  or  that  produced  by  a  sudden 
unexpected  noise.  The  ear  muscles  are  moved  in  different  directions  [the  animal 
pricks  its  cars]  {FerrUr).  [Ftrrier  locates  the  centre  fur  hearing  in  the  munkey 
in  the  superior  temporo'sphcHoisiat  convolution^  and  he  finds  that  when  the  centres 
on  both  sides  are  extirpated^  the  animal  is  absolutely  deaf;  it  takes  no  cognizance 
of  a  pistol  fired  in  tts  neighborhood.  In  man,  injuries  to  the  first  and  second 
temporo-sphenoidal  convolutions  on  one  side  do  not  appear  to  cause  complete 
deafness  of  one  ear,  as  it  seems  that  the  sense  of  hearing  for  each  ear  is  perhaps 
represented  on  both  sides.  Bilateral  lesions  of  these  convolutions  in  man  causes 
complete  deafness.  Disease  of  these  two  convolutions  is  associated  with  "  word- 
deafness"  (p.  732).  Wernicke  cites  a  case  of  a  person  first  affected  with  word- 
deafness,  who  afterward  became  completely  deaf;  and  after  death  a  bilateral  lesion 
was  found  in  the  first  temporo-sphenoidal  convolution.  These  convolutions  are 
supplied  with  blood  from  the  Sylvian  artery,  a  branch  of  the  middle  meningeal.] 

[Auditory  Aurae. — Kqually  important  with  these  effects  of  disease  are  the  sensory  impressions, 
or  **aur3e,"  wrhich  sometimes  usher  in  an  attack  of  epile]»y;  sometimes  these  aura?  consist  of 
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sounds  or  noises,  and  in  (hc»e  ciues  the  seal  of  (be  disease  is  orten  in  the  lint  tempore- q>luaiiiiUl 
convolution.  ] 

[The  auditory  paths  are  from  the  auditory  nuclei  tn  the  medulla  oblongata 
through  the  pons,  where  they  perhaps  cross  into  the  tegmentum,  thence  into  the 
"sensory  crossway."  and  onward  to  the  audilory  centre.] 

[3.  The  olfactory  centre  is  placed  by  Fcrrier  in  the  subiculum  comu  tm- 
monis,  or  the  inner  surface  of  the  anterior  extremity  of  the  uncinate  gyrus  (Fig. 
430I.  M'Lane  Hamilton  has  recorded  a  case  of  epilepsy  ushered  in  by  an  aura  of 
a  disagreeable  odor,  in  which  there  was  atrophy  of  the  gray  matter  of  the  right 
uncinate  gyrus.] 

(Olfactory  Path. — Although  the  outer  root  of  the  olfactory  tract  runs  direct  to  the  unctnate  gjru, 
in  hfmian^ukejia  resulting  from  injur)'  to  the  **  sensory  crossway,"  smell  is  loM  on  the  opposUc  side. 
while  it  is  lust  un  the  same  side  when  ihc  uncinate  Ky^^  i^  iavolved.  It  may  be  that  the  impolan 
go  Aral  to  their  own  side  and  then  cross  ufterward.] 

[4.  We  do  not  know  the  centre  for  taste,  and  even  the  course  of  the  nervt  of 

taste  is  disputed.     Ferrier  places  it  close  to  that  of  smell.] 


On  siiniDlntingthr  subtculum  in  monkc)^,  dogs,  cats  and  rabbits,  he  ohserred  peealiar 
of  the  lips  and  partial  clubure  uf  the  mtstriltr  un  the  same  side  {\  365).  In  man,  sulijeciive  olfocto^ 
and  guslAtory  [>erccplioii»  arc  regarded  as  irritative  phenomena,  frhilc  lost  of  ihc&c  ieir^ury  acliril^« 
often  comphcated  with  other  cerebral  phenomena,  :ire  regarded  a*  sympioms  of  their  psrolyvb. 

[The  Gustatory  Path  crosses  iii  the  pusteriur  part  of  the  poiilcrior  Kgmcnt  of  the  internal  ct|rtBlc. 
While  GoMTcrs  admits  that  (he  chorda  tym|^uini  15  the  nerve  of  taMe  for  the  anterior  t-wn  thirds  «f 
the  tongue,  he  thmks  that  it  reaches  the  faaal  nerve  from  the  sphenopalatine  ganglion  thrcMigh  the 
Vidian  nerve.  He  denies  that  the  glusso- pharyngeal  is  concerned  in  taste,  and  "he  believes  ihU 
taste  impressions  reach  the  brain  solely  by  the  roots  of  the  5ih  nerve  "  He  admits  that  the  nerves 
of  taste  to  the  back  part  of  the  tongue  maybe  diUributtd  >ii\\\\  the  glouo-phsryngeal,  reaching 
them  through  the  otic  ganglion  by  the  small  superficial  petrosal  and  tympaaic  plexus.] 

[5.  Ferrier  places  the  centre  for  tactile  sensation  in  the/////(V(Z«/<//region,cIoie 
to  the  distribution  of  part  of  the  posterior  cerebral  artery  ;  so  far  this  ha<>  not  been 
confirmed.  The  centre  for  the  sensation  of  pain  has  not  been  defined,  probtbly 
it  is  very  diffuse.] 

6.  Munk  is  of  opinion  that  the  surface  of  the  cerebrum  in  the  region  of  the  motor  cenires  aat  ai 
the  sinic  lime  as  *'  sensory  areas  "  ( i-uhlp^are),  i.  t.,  they  serve  as  centres  for  the  tacHit  and 
musmlar  sensations  .ind  those  of  the  innervation  of  the  opposite  side.  He  asserts  that  after  injury 
to  these  regions  the  corresponding  functions  are  affected. 

According  to  Hechtcrcw,  the  centres  for  the  perception  of  tactile  imprcMioas,  those  of  mnerv*' 
tion,  of  the  mu.scular  Kiue,  and  painful  impressions  are  placed  in  the  neighborhood  of  the  nsutov 
areas  (dog) ;  the  firit  immediately  l>chind  and  external  to  the  motor  areas,  the  others  in  the  r^paa 
close  to  the  origin  of  the  Sylvian  hssure.     [So  far  this  agrees  with  the  views  of  Starr  ip.  719)  J 

Golt?,  who  hrst  accurately  described  the  disturbances  of  vision  following  upon  injuries  lo  tfce 
cortex  in  dogs,  is  opposed  to  the  view  uf  sensur>-  localir^tion.  He  ticlteves  that  each  eye  is  tsok- 
nectcd  with  l)oih  hemispheres.  He  asserts  that  the  disturttance  of  vision,  after  injury  to  the  hrata. 
consi-vts  merely  in  a  diminished  culor  and  space  sense.  The  recovery  of  the  viitu.it  {>ercrplkm  of 
one  eye  after  injury  of  unc  side  uf  the  cortex  cerebri  he  explains  by  supiM>sing  that  this  iojovy 
merely  causes  a  temporary  inhibition  of  the  visual  activity  in  the  opposite  eye,  which  disappears  ai 
a  later  period.  InMcad  of  psychical  blindness  ami  deafness  he  speak*  of  a  "  ccreiiro-oplical  "  and 
"cercbroacoustical  weakness." 

377.  THE  THERMAL  CORTICAL  CENTRES.- A.  Eulenbcig  and  lj.nd.M<  ii« 
covered  an  area  un  the  cortex  cerebri  whose  »timulatiun  pruduccd  an  und<>Dlried  effect  upon  tb 
temperature  and  condition  of  the  blooti  vessels  of  the  opposite  extremities.  This  legioa  I-  tg.  ^^C" 
I,  /),  generally  embraces  the  area,  in  which  at  the  same  time  the  motor  centm  for  ihc  flc>^on  awl 
rolatoni  of  the  fore  limb  (j),  and  for  the  muscles  uf  the  hind  Umb  (4)  are  placed.  The  areas  (br 
the  anterior  and  posterior  limbs  are  placed  a^^rt.  that  for  the  anterior  Limb  lie>  somewhat  moic  ante- 
riorly, close  to  the  lateral  end  of  the  crucial  salcua.  Destruction  of  this  region  causes  increase  of 
ibc  temperature  of  the  opposite  extremities;  the  temperature  may  vary  cnnsiderabty  (1.5°  h>  i*, 
and  even  lu  13  °C.).  This  result  has  been  contirrned  by  llitfig,  Bechterew,  Wood  and  otbcn.. 
This  rise  of  the  temperature  is  u^tually  present  for  a  coiuideralde  time  after  the  injory,  allhw^ 
may  then  utulcrgu   variations.     Sometimes  it   may  last  three   months,  in  other  cases  it  _  ~ 

reaches  the  normal  in  two  or  three  days.     In  well.marke<l  cases  there  is  a  diminution  of  lite 
ance  of  the  wall  of  the  femoral  anery  to  pressure,  and  the  pulse  carve  is  not  so  high  \^Rtimkti. 
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T^cal  electrical  stimulation  of  the  area  causes  a  sUght  temporary  cooling  of  the  opposite  extremi- 
ties, whirh  may  be  drlcc^od  bv  the  thermo-elcclric  mclhcxl.  Stimulation  by  means  of  common  salt 
acts  in  the  same  way,  but  in  this  case  the  phenomena  of  destruction  of  the  centre  soon  appear.  As 
yet  it  has  not  \tccn  jiroved  that  there  is  a  similar  area  fnr  each  half  of  the  head.  The  cerebro  epileptic 
altackk  {3  3751  increase  the  bodily  icmprratiire.  partly  nu'ing  to  the  increiued  production  of  heat  by 
the  mufcles  ($  302).  partly  owing  to  diminished  radiation  of  hent  through  the  cutaneoos  veKiels,  in 
con«f]uence  of  stimulntion  of  the  thermal  conical  nerves.  The  experiments  led  to  no  delinite 
reiiulls  when  performed  on  ratibiln.  According  to  Wnnd,  destruction  of  these  centre?  occasions  an 
increased  production  of  heat  that  can  be  measured  by  calorimetric  methods,  while  .stimulation 
causes  the  op[>o»ie  result. 

Thrxe  experiment);  explain  how  psychical  stimulation  of  the  cerebrum  may  have  an  effect  upon  the 
diameter  of  the  bloo<l  vessels  and  on  the  temperature,  as  evidenced  by  sudden  palcne.<>s  and  con- 
gestion (g  17s.  HI). 

[Heal  Production. — ^Injury  to  the  fore-bratn  has  no  effect  on  the  tcmpcratarc.  If  ihc  brain  of 
a  ralibit  be  punctured  throuj^h  the  larije  fonlanelle  and  the  stytctte  be  forced  through  the  gray 
mailer  on  the  ^\lr^ace,  while  matter,  and  the  median  portion  of  the  corpus  striatum  right  to  the  base 
of  the  brain,  there  is  a  rapi<l  rise  of  the  temperature  which  may  last  several  days.  Injury  to  the 
gray  cortex  does  not  affect  the  temperature.  After  puncture  of  the  corpus  striatum  the  highest  tem- 
perature is  reached  only  after  twenty-four  to  seventy  hours,  but  when  the  puaciure  reaches  the  base 
of  the  brain  this  result  occurs  in  two  to  four  hours.  Electrical  stimulation  of  these  areas  causes  the 
same  effect  on  the  temperature.  Direct  injury  to  certain  parts  of  the  brain  is  followed  by  n  rise  of 
the  temperature — or  f(?ver.  There  is  at  the  same  time  an  increase  of  the  ( >  taken  in,  the  CO,  given 
off  and  a  decided  increase  of  the  X  given  off,  indicating  an  increase  in  the  proteid  melabolism» 
which  [mints  to  an  increased  production  of  heat  {Aronsohn  and  Saths,  Itifhet,  li''ooti).\ 

General  and  Theoretical. — Goltx's  View. — CJoltr  uses  a  different  method  to  remove  the  cortex 
cerebri — he  makes  an  opening  In  the  skuU  of  a  do(j,  and  by  means  of  a  stream  of  water  washes 
away  ihe  desired  amount  of  brain  matter.  He  describes,  first  of  all,  inhibitory  phenomena, 
which  are  temporary  and  due  to  a  temporary  suppression  of  the  activity  of  the  nervous  apparatus, 
which,  however,  is  not  Injured  anatomically,  but  may  be  explained  in  the  same  way  as  the  suppres- 
sion of  reflexes  by  strong  stimulation  of  sensory  nerves  {\  361.  3).  In  addition,  there  arc  the  per- 
manent phenomena,  due  to  the  disappearance  of  the  activity  of  the  nervous  apparatus,  which  is 
removed  by  the  operation.  .\  dog  with  a  large  mass  of  its  cerebral  cortex  removed  may  l>e  com 
pared  to  an  eating  complex  reflex  machine.  It  hichaves  like  an  intensely  stupid  dog,  walks  slowly, 
with  its  head  hanging  down  ;  its  cutaneous  seasibiltty  is  dimini.shed  in  all  its  qualities — it  is  less  sen- 
sitive to  pressure  on  the  skin;  it  lakes  less  cognizance  of  variations  of  temperature,  and  does  not 
comprehend  how  to  feel;  it  can  with  difficulty  accommodate  itself  to  the  outer  world,  especially 
with  regard  to  seeking  out  and  taking  its  food.  On  the  other  hand,  there  is  no  paralysis  of  its 
muscles.  Ttte  dog  still  sees,  but  it  docs  not  understand  what  it  docs  sec;  it  looks  like  a  somnam- 
bulist, who  avoids  otistacles  without  obtaining  a  clear  perception  of  their  nature.  It  hears,  as  it 
can  be  wakened  from  sleep  by  a  call,  but  it  hears  like  a  person  just  wakened  from  a  deep  sleep  by 
a  voice — such  a  person  dues  nut  at  once  obtain  a  distinct  perception  of  the  sound.  The  same  is  the 
ciLse  with  the  other  senses.  It  howls  from  hunger,  and  eats  until  its  stomach  is  filled;  it  manifests 
nb  symptoms  of  sexual  excitement. 

With  regard  to  the  localization  of  the  different  centres  in  the  cerebrum,  Golli  oUained  the  fol- 
lowing results  :  He  finds  that  a  dog  with  both  parietal  lobes  destroyed  has  its  sensibility  perma- 
nently blunted,  its  intelligence  diminished,  and  is  vicious ;  while  when  both  occipital  lobes  are 
destroyed  there  is  severe  and  permanent  dii^turbance  of  vision.  He  suppc^Mrs  that  every  [.lart  of  the 
brain  is  wmccrncd  in  the  functions  of  wdhng,  feeling,  perception  and  thinking.  Ex-ery  section  is, 
indc|>cndently  of  the  others,  connected  by  conductions  with  all  the  voluntary  muscles,  and  on  the 
other  band  with  all  the  sensory  nerves  of  the  bixly.  He  regards  it  as  possible  that  the  individual 
♦obes  have  different  functions. 

Inhibitory  Phenomena. — Injury  to  the  brain  also  causes  inhibitory  phenomena,  such  as  the  dis- 
turbances of  motion,  the  complete  hemiplegia  which  is  frequently  observed  after  large  unilateral 
injuries  of  the  cortex  cerebri;  these  are  regarded  by  Golt/  as  inhibitory  phenomena  due  10  the 
injur)-  acting  on  lower  infra-curtical  centres  whose  action  inhibits  movement,  but  these  movements 
are  recovered  as  soon  as  the  inhibitory  action  ceases. 

378.  PHYSIOLOGICAL  TOPOGRAPHY  OF  THE  HUMAN 
CORTEX  CEREBRI. — We  accept  tiie  arraiigeinenl  of  convolutions  accord- 
inp;  10  Eckcr,  of  whiLh  a  short  rtsumtl'  is  given  in  §  375. 

I.  The  cortical  motor  regions  for  the  face  and  the  limbs  are  grouped  around 
the  fissure  of  Rolando,  including  the  ascending  frontal,  ascending  parietal,  and 
part  of  the  jjarietal  lobule  (Fig.  431 ).  The  centre  for  the  face  occupies  the  low- 
est third  of  the  ascending  frontal  convolution  and  reaches  also  on  the  lowest  fifth 
of  the  ascending  parietal  The  arm  centre  occupies  the  middle  third  of  the 
ascending  frontal  and  nii<ldle  three-fifths  of  the  ascending  parietal  convolutions, 
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while  the  leg  centre  lies  at  the  upper  end  of  the  sulcus  and  extends  backward  into 
the  parietal  lobule  (and  perhaps  on  to  thesui^erior  frontal  convolution)  (Fig.  431). 
This  leg  centre  is  continued  over  on  to  the  paracentral  lobule  opi>osite  the  upper 
end  of  the  fissure  of  Rolando  in  the  marginal  convolution  on  the  mesial  aspect 
of  the  hemisphere  CFig.  433)  where  the  centres  for  the  muscles  of  the  trunk  aUo 
exist  (p.  719).  The  centre  for  s(>eech  is  in  the  posterior  part  of  the  third  left 
frontal  convolution  (Fig.  431). 

Blood  Supply.— These  convolutions  are  ^lupplicd  w  iih  blood  from  fo«r  lo  five  branches  of  ibc  Sf  I- 
vifin  artery,  which  may  sumelitncs  l>e  pliiggcfl  wilh  an  emlmlon.  When  a  clut  lo<lf;cs  in  this  Mtrrr. 
the  branches  lo  the  lusol  }>u){>lia  may  remain  pervious,  while  the  cortical  branches  ouiy  be  plitgced 
(Dur//,  //eu/'Hfr)  (0*0- 

[Hemiplegia  consists  of  motor  paralysis  of  one-half  of  the  body,  although,  is 
a  rule,  all  the  muscles  are  not  paraly/ed  to  the  same  extent ;  in  some  there  may  be 
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TranKver^c  ccn ton  of  (he  cerebral  heraitpherc.     CCa,  corptis  c»n«>«uni;  NC.caudati:  nucleus :  KL, 

ckiu:  IC,  internal  captulc:  CA.  iriirmul  curotid  nrtcry:  mSI^  Icntirubr-tirutc  ftrtcr)'  I"  Arlcry  of 
rhMC  ");  F.  A,  L,  T,  position  of  motor  »cfts  ^avemkoiE  the  movcmenu  of  the  bcc,  onn, )«(,  umJ  liuwfc 
of  ihc  oi>[>u»il«  »i<l«  if/fTtfrjr). 

complete  paralysis,  /.  ir.,  they  are  entirely  removed  from  voluntary  control,  while 
in  others  there  is  merely  impaired  voluntary  control.  It  may  be  caused  by  aifec- 
lions  of  the  cortiral  renlres  or  by  lesion  of  the  motor  tracts  above  the  medulla, 
and  the  paralysis  is  always  on  the  side  opposite  to  the  lesion  owing  to  the  dccu«a- 
tion  of  the  motor  paths  in  the  medulla.  If  the  case  be  a  severe  one,  we  hare 
what  Charcot  terms  h^mipii'git  ccnirate  vu/gttir^,  or  **  complete  hemiplegia,"  due 
to  lesion  of  the  cortical  centres  for  the  face,  arm,  and  leg.  While  the  arm  and 
leg  are  completely  paralyzed,  the  lower  part  of  the  face  is  more  affected  than  the 
upper  half,  which  is  usually  not  much  affected.  All  those  movements  under  vol- 
untary control,  and  especially  those  that  have  been  learned,  arc  abolished,  while 
the  associated  and  bilateral  movements,  which  even  animals  can  cxecuie  irnme* 
dtately  after  birth,  remain  more  or  less  unaffected.  Hence  the  hand  is  more  pir- 
alyzed  than  the  arm  ;  this,  again,  than  the  leg  ;  the  lower  facial  branches 
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'than  the  upper  ;  the  nerves  of  the  trunk  scarcely  at  all  {Ferrier).  When  an  ex- 
traordinary effort  is  made,  it  will  be  found  that  there  is  some  impairment  of  the 
power  of  the  muscles  of  mastication  and  respiration,  although  the  muscles  on 
opposite  sides  act  together  {Gowrrs).  The  trunk  muscles,  as  a  rule,  are  but 
slightly  affected,  or  not  at  all,  as  their  centre  is  elsewhere.  There  may  be  altera- 
tions of  sensibility  and  of  the  reflexes.] 

Conjug;ate  deviation  of  the  eyes  with  rotation  of  the  head  is  rrequenlly  preKnt  in  the  early 
period  uf  hemipiegia,  although  it  usually  disappears.  When  a  person  turns  his  head  to  one  tide, 
ihere  is  an  assuciaied  tnoveuient  of  certain  of  the  ocuhr  muscles  with  those  of  the  neck.  The 
heart  and  eyes  are  usually  turned  to  the  side  of  the  lesion  ;  this  is  termed  "  conjugate  deviation," 
so  that  the  power  of  voluntarily  movin[r  the  eyes  and  head  to  the  paralyzed  side  is  temporarily  lost. 
The  unopposed  muscles  rotate  the  head  and  eyes  to  the  sound  side.  If  the  lesion  be  in  the  pos- 
terior part  of  the  pons,  ihc  deviation  \^  to  the  paralyzed  side  {Pt^'oil). 

[Subsequent  Effects. — If  there  he  say  a  hemorrhage  into  these  motor  regions,  or  from  the 
leniiculostriate  artery,  so  as  to  compress  the  pyramidal  fibres  in  the  knee  and  anterior  two-thirds 
of  posterior  segment  of  the  internal  capi^ule,  then  there  is  usually  tonic  or  persistent  contraction  of 
the  muscles  afTeclcd.  Tlie:?e  tonic  spasms  may  accompany  the  hemorrhai^e,  or  come  on  a. few  days 
after  it  and  make  up  the  conditiun  of  early  rigidity.  The  contraction — if  any — accompanying  the 
hemncrhage  is  due  to  direct  irritoiion  of  the  pyramidal  fibres,  while  that  which  comes  on  a  few  days 
l.itrr,  and  usually  lasts  a  few  weeks,  is  also  doe  to  irritation  of  these  6brcs,  probably  produced  by 
inKammatory  action  in  and  around  the  scat  of  the  leuon.     The  offcctcd  limb  is  stiff"  and  resists 

Ks.«ive  movement.  After  a  few  weeks,  late  rigfidity  sets  in  and  is  persistent,  and  it  is  characterised 
.  structural  changes  in  the  pyramidal  paths  which  lead  to  other  resalls.  There  is  secondary  de< 
scendtnf^  degeneration  in  the  pyramidal  tracts,  which  cause  **  contrecture  "  ^^Charcot)  ia  the 
paial.-7cd  timb«;,  while  at  the  same  lime  the  deep  or  tendinous  and  periosteal  reHcxes  (snkle  clonus, 
rectus  clonus,  and  the  deep  rcfiexes  of  the  arm  tendons,  arc  exaggerated}.  The  spastic  rigidity  is 
usually  more  marked  in  the  arm  than  leg.  and  it  generally  affects  the  flexors  more  than  the  extensors, 
so  that  the  upper  arm  is  drawn  close  to  ilic  trunk,  the  elbow,  arm,  and  fin^jers  flexed  ;  in  the  leg 
the  extensors  of  the  leg  mrcrcome  the  pcronci.  Hilzig  has  pointed  out  that  the  contracture  is  less 
during  sleep  and  after  rest.  The  muscles  at  first  can  be  stretched  by  sustained  pressure,  but  after 
months  or  years  structural  changes  occur  in  the  muscles,  ligaments,  and  tendons,  and  the  limbs 
aisuine  a  permanent  and  characteristic  aUilude.] 

In  hemiplegic  persons,  the  power  of  the  unparalyzed  side  is  sometimes  diminished  (Sronm- 
Sft/uari/,  CAarro/,  Pitrij)^  which  is  not  sufficiently  explained  by  the  fact  that  some  bundles  of  the 
pyramidal  tracts  remain  un  the  tamf  side. 

Acquired  Movements.— Some  muvemcnts  performed  by  man  are  learned  only  after  much 
practice,  and  arc  only  ci^mpleiely  brought  under  the  influence  of  the  will  after  a  time,  such  as  the 
morements  of  the  hand  in  learning  a  trade.  Such  movements  are  reacquired  only  very  slowly,  or 
not  at  all,  after  injury  to  the  psychomotor  centres.  Those  movements,  however,  which  the  body 
performs  without  previous  training,  such  as  the  associated  movements  of  the  eyehalls,  the  face,  and 
some  of  those  of  the  legs,  are  rapidly  recovered  after  such  an  injury,  or  they  suffer  but  little,  if  at 
all.  Thus  the  facial  muscles  seem  never  lu  be  so  completely  paralyzed  after  a  lesion  of  the  facial 
cortical  centre,  as  in  affections  of  the  trunk  of  the  facial  nerve  the  eye  especially  can  be  closed. 
Sucking  movements  have  been  observed  in  hemicephalous  ftetuses. 

Degeneration  of  the  Pyramidal  Tracts.— After  destruction  of  the  cortical 
motor  areas,  descending  degeneration  of  the  cortico  motor  paths,  or  ** pyramidal 
tracts,'^  takes  place  (§  365).  Degenerative  changes  have  been  found  to  occur 
within  the  white  matter  under  the  cortex,  in  the  anterior  two-thirds  of  posterior 
segment  of  the  internal  capsule  [in  the  middle  third  of  the  crusta  (Figs.  434,* 
435'  L]'  pons,  in  the  pyramids  of  the  medulla  oblongata  (Fig.  434),  and  thence 
they  have  been  traced  into  the  pyramidal  paths  (anterior  and  lateral)  of  the  spinal 
cord  (Charcot,  Sirigrr,  AT.  Rosenthaf).  It  is  evident  that  lesions  of  these  tracts  at 
any  part  of  their  course  must  have  the  same  result,  viz.,  to  produce  hemiplegia. 
(For  the  subsequent  effects,  see  p.  660.)  In  a  case  of  congenital  absence  of  the 
left  fore  arm,  Edtnger  found  that  the  right  central  convolutions  were  developed. 

Atoxic  motor  conditions  similar  to  (hose  that  occur  in  animals  (p.  721)  take  place  in  man,  and 
are  known  as  (trthrai  aiivxin. 

The  Position  of  the  Centres  is  given  at  p.  718. 

[But  we  may  have   localized   lesions  affecting  one  or  more  of  the  cortical 
lotor  areas  ;  these  are  called  Monoplegise.     Cases  in  man  are  now  sufficiently 
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numerous  to  permit  of  accurate  diajcnosis.]  Crural  [rare  lesions  recorded  in  the 
convolutions  at  the  upper  end  of  the  fissure  of  Rolando,  and  the  continuation  of 
this  area  on  to  the  paracentral  lobule  of  the  marginal  convolution], — bracbio- 
crural,  more  common,  upper  and  middle  thirds  of  the  ascending  frontal  and 
ascending  jjarieial  convolutions — brachial,  brachio-facial — facial,  the  last  in 
the  lowot  ijart  of  the  central  convolutions. 

[Convulsions  and  spasms  may  be  discharged  from  motor  cortical  lesion«,  and 
these,  whether  they  affect  the  general  or  localized  areas,  give  rise  to  unilateral 
convolutions  and  monospasms  respectively.] 

Pnralysis  of  the  musclfs  of  ihe  neck  and  throat  indicates  a  lesion  of  the  central  convoluiiona.aad 
■o  docs  paratyM<«  or  the  muscles  of  the  eye.  Lesions  of  the  cortex  alwayi  cause  timultaneoas  mcnr^ 
mcnt&of  the  head  arttl  ejcballs 

Irritation  of  the  Motor  Centres. — If  the  motor  centres  are  irriuicd  by 
pathological  processes,  such  as  hypersmiaf  or  inflammation,  in  a  syphilitic  dia- 

Fig.  434.  Fig.  435. 


Fto.  434< — Secondary  itctcendinjE  gcnention  in  midilk  third  nf  riuhl  cru*  %nii  in  mrilullj  ahet  cjetlnwtbui  id 

cortical  moll*  cpnirc*  on  ih«  rinhi  «M«      Fn;.  41s  — Horiionul  KCttr<n  of  ihe  cerehral  r--.i 

dcfcncnitidn  of  Ihc  pyramidal  (racU,  where  ihe  ic*iiia  Wiit  limited  u>  the  middle  ihinl  -f 
til  the  internal  capsule.  F,  hrnllHy  criMiJi ;  L,  lorii^  ri([er ,  P,  miernal  third  ot  (he  cni^i 
1>,  KCondary  degeneration  in  the  middle  third  til  ihc  cru*U;  {^ij.CQtpon  i)uadfigcniina  wiu^  .;. .  --cldW 
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thesis — more  rarely  by  tumors,  tubercle,  cysts,  cicatrices,  fragments  of  bone — 
there  arise  sjmsmodic  movements  in  the  corresponding  muscle  groups.  This  con- 
dition of  .1  sudden  discharge  of  iKe  gray  matter  resulting  in  local  spasms  is  called 
"  Jacksonian  or  cerebral  epilepsy." 


Monospasm. — Aca>rding  to  the  seal  of  the  a)>asm,  it  Is  ca\\ti\  faciaJ^  kraehitti,  frmrti. 
S/aim^  tt(.     Of  course,  ihcse  spasms  may  affect  several  croups  uf  muscles.     Bartholow  Aod  Scii 
Buuiiia  have  stimulated  the  exposed  human  brain  successjully  with  electricity. 

Cerebral  Epilepsy. — Very  powerful  stimulation  of  one  side  may  give  rise  ifl 
^/"/(lArd/ spasms,  with  loss  of  consciousness.  In  this  case  impulses  are  condnrted 
to  the  other  hemisphere  by  commissural  fibres  (§  379). 

Movements  or  the  Eye. — Nothing  de6nitc  x*.  known  rcgnnling  the  centre  in  the  conet  l« 
vohinlary  i;->nthnirJ  moTfmfnii  <•(  (he  cychalis  in  man  In  pam lytic  HfTcctions  of  ihe  cortex  am)  trf 
the  pBih»  piocceilin^  from  it,  we  ucciMininlly  fin'l  both  eyes  with  a  laleral  deviation.  If  thcfar- 
al>iic  affection  lies  in  one  ccrel^ral  hemispltere,  the  conjugate  deviatioik  of  the  eyelwUs  is  lo««4 
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Ili«  sound  n<)e  (p.  620).     If  it  is  situate<l  in  the  condocitng  paths,  after  these  have  decnKsated.  vis., 
in  the  pons,  the  cjrcs  are  lurncd  toward  the  paralyzed  side  {Prhfost). 

If  the  pari  be  irritated  so  a-,  to  prwluct  spawus  in  the  opposite  half  of  the  body,  of  course  ihe 
eyes  are  turneci  in  the  opposite  direction  10  that  in  pure  [uiralysiA  (  LiiHt/ouzy  ami  Grassift).  Instead 
of  the  lalcnil  deviation  of  the  eyeballs  already  described,  occasioiially  in  cerebral  paralysis  there  is 
merely  a  wro*/M»«^  of  the  lateral  recti  muscles,  so  that  during  rest  the  eyes  ore  not  yel  turned 
toward  the  sound  side,  but  Ihey  cannot  be  turned  strongly  toward  the  affected  side  [  Lfirht^nUfrn, 
//uHitius).  The  centre  for  the  levator  palpcbrx  superioris  appears  to  be  placed  in  the  gyms  angu* 
laris  {Grassef,  Lamfotny^  Chauffard). 

II.  The  Centre  for  Speech. — The  investigatiotis  of  BouiUand  [1825],  Dax 
[iS'^G].  Broca  [1861],  Knssniau!.  and  Broad  bent  and  others  have  shown  that  the 
third  left  frontal  convolution  of  the  cerebrum  t^'gs.  429»  F,  3,  and  431)  is 
of  essential  importanre  for  s|ieech,  while  probably,  also,  the  insula,  or  island  of 
Reil,  is  concerned.  It  is  seen  to  be  deeply  placed  on  lifting  up  the  overhanging 
y>art  of  the  brain  called  the  opcrcnhim,  lying  between  the  two  branches  of  the 
Sylvian  fissure  (S).  The  motor  centres  for  the  organs  of  speech  (lips,  tongue)  lie 
in  this  region,  and  in  this  region  also  the  [>sychical  processes  in  the  act  of  speech 
are  complelfd.  In  (he  great  majority  of  mankind  the  centre  for  speech  is  located 
in  the  /c/f  hemisphere.  The  fact  that  most  men  are  righi-handeJ  also  points  to  a 
finer  construction  of  the  motor  apparatus  for  the  upper  extremity,  which  must  also 
be  located  in  the  left  hemisphere.  Men,  therefore,  with  pronounced  right-handed- 
ness Cdroitiers)  are  evidently  ieft-brained {%^\xq\\.^x^  du  cerveau — Broca).  By  far 
the  greater  number  of  mankind  are  *'  /fftdraified  speakers''  (JCussmau/) ;  still 
there  are  exceptions.  As  a  matter  of  fact,  cases  of  left-handed  ■\^z%ons  have  been 
observed  who  lost  their  power  of  speech  after  a  lesion  of  the  right  hemisphere 
(Og/^t  Habershon).  Investigations  on  the  brains  of  remarkable  men  have  shown 
that  in  them  the  third  frontal  convolution  is  more  extensive  and  more  complex 
than  in  men  of  a  lower  mental  calibre.  In  deaf  mutes  it  is  very  simple  ;  micro- 
cephales  and  monkeys  possess  only  a  rudimentary  third  frontal  {,Rudinger). 

The  motor  tracts  for  speech  jiass  along  the  upper  edge  of  the  island  of  Reil,  then  into  the  sub- 
stance of  the  lieniisphtrres  iniernal  lo  the  posterior  edge  of  the  knee  of  (lie  internal  capsule;  from 
thence  through  the  cnista  nf  ihe  left  cerebral  peduncle  into  the  left  half  of  the  [tons,  where  it  crosses. 
then  into  the  medulla  oblongata,  which  u  the  jdace  where  all  the  motor  nerves  (lri);eminuK,  facial. 
hyp<^(usial,  vafjus,  and  re*}>ir3iory  nerves)  concerned  in  s[>ecch  arise.  Total  destruction  of  these 
paths,  thererore,  causes  tutal  aphasia;  while  partial  Heslruciion  causes  a  greater  or  less  disturbance 
uf  the  mechanism  of  articulali'»ii,  which  has  been  cilkd  '*  anarthria  "  by  I^yden  and  Wernicke. 

Conditions. — Three  activities  are  required  for  speech — (i)  the  normal  move- 
ment of  the  vocal  apparatus  (tongue,  lips,  tnouth,  and  respiratory  a[>paratus)  ;  (2") 
a  knowledi^e  of  the  signs  for  objects  and  ideas  (oral,  written,  or  imitative  or  mi- 
metic signs) ;  (3)  the  correct  union  of  both. 

Aphasia. — ^Injury  of  the  speech  centre  causes  either  a  loss  or  more  or  less  con- 
siderable disturbance  of  the  power  of  speech.  The  loss  of  the  power  of  speech  is 
called  "  aphasia.*'  [Aphasia,  as  usually  understood,  means  the  partial  or  com- 
plete loss  of  the  power  of  articulate  speech  from  cerebral  causes.] 

The  following  forms  of  aphasia  may  be  distinguii^hed  : — 

X.  Ataxic  aphasia  for  the  orodingual  hemiparc'.is  of  Ferricr),  1./.,  the  loss  of  speech,  owin^  to 
inability  to  execute  the  various  movements  of  the  mouth  necessary  for  speech.  Whenever  such  a 
per«in  attempts  to  s|H:ak,  he  merely  executch  incoSrdinated  grimaces  and  utters  innrticulale  sounds. 
[The  muscles  concerned  in  articulation,  however,  are  not  paralysed,  but  there  is  an  a)>sence  of  co- 
Ardination  of  these  muscles  due  to  disease  of  the  cortical  centre.]  Hence,  the  naiient  cannot  repeat 
what  b  said  to  him.  Nevertheless,  the /j-jrAtVi?/ processes  necessary  for  ^iwech  are  completely  re* 
lained,  and  all  words  are  remefnbe>ed  ;  and  hence  these  persons  can  still  give  expression  lo  their 
thnughlB  graphically  or  by  writing.  If,  however,  the  finely  adjusted  movements  necessary  for  writ- 
ing ore  lost,  owin^j  lo  an  affection  of  the  centre  of  the  hand,  then  there  arisen  at  the  same  time  the 
condition  of  agraphia,  or  inability  to  execute  those  movements  necessary  for  writing.  Such  a  per- 
srm.  when  he  desires  to  express  his  ideas  in  writing,  onlr  aaccceds  in  making  a  few  unintelligible 
ncrawls  on  the  paper.  Occaj^onally  such  {patients  suffer  from  lo^i  of  the  power  of  imitation  or 
amlnia  \ k'tusmauf). 

2-  Amnesic  Aptiaaia,  or  Lobs  of  the  Memory  of  Words. — Should  the  patient,  however,  hear  the 
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word,  its  significance  recurs  to  him.  The  movemcnU  neceBsary  for  speech  remain  intact ;  hdicc 
such  a  policni  cnn  at  once  repeat  or  write  ilowii  what  is  said  to  him.  Somrtimcs  only  certain  kindt 
of  words  arc  forgotten,  or  it  may  be  even  only  parts  of  these  words  are  spoken.  [Nouns  aiid  proper 
names  usually  ^o  tint.]  Cases  of  amneaic  aphasia,  or  the  mixed  ataxic-amnesc  form  of  di«turtet)M 
of  speech,  point  to  a  Icsiou  of  the  third  frontal  convulution  and  of  the  island  of  Reil  on  the  .V/Jr  sde 
Another  form  of  amnesic  aphasia  consiits  in  this,  that  the  word&  remain  in  one's  memory  bat  do  not 
come  when  they  are  wanted,  f  ^.,  the  association  between  the  idea  and  the  proper  word  lu  i;ive  ea> 
prcsftion  to  it  is  inhibited  {A'ftssmau/).  It  is  common  for  old  people  to  forget  the  namet  ofpanoM 
or  proper  names;  indeed,  mch  a  phenomenon  u  common  within  physiolo^cal  limits,  am)  to  oaf 
ultimately  pass  into  the  pathological  condition  of  amnesia  Bcnilis.  Among  tlie  diaturbaDCCiM 
speech  of  .i-rri^rrt/oMpin,  Kunmaul  reckons  the  following: — 

3.  Paraphasia,  or  the  inability  10  connect  rightly  the  ideas  with  the  proper  words  to  evprni 
IheM  ideas,  so  that,  instead  of  ^'ivin^;  exprc&sion  to  (he  proper  ideas,  the  sense  may  be  inveiicil,  a 
the  form  of  words  may  be  unintelligihlc.  It  is  as  if  the  person  were  continually  makitkg  a  "  slip  of 
the  tongue," 

4.  Agrammatism  and  ataxaphasia.  or  the  inability  to  form  the  words  grammatically  and  to  ar- 
range them  synthetically  into  senienccs.     Besides  thefe,  there  ii — 

5.  A  pathi^ilo^cal  slow  way  of  speaking  fbradyphasia),  or  a  palhol(]^icu.I  and  Hutterir^  way  of 
reading  (tumultus  sermonis).  both  conditions  being  due  to  derangement  of  the  cortex  (Amu 
man/  ).  The  disturbance  of  speech  dependinj;  c«entially  u|K>n  affections  of  the /rr i/4rrir/ ner*«>, 
or  of  the  muscles  of  the  organs  of  the  voice  and  speech,  arc  already  referred  to  in  ^\  319,  349,  *w4 
354 

[In  word-blindness  the  person  cannot  name  a  letter  or  a  word,  so  thai  be 


Fig.  436. 


Fig.  43; 


.x^^ 


Figs.  436,  437.-~Schcin«*  a(  apKuia.    A,  centre    or  auditory  iuugcA  ;  M.  or  motor  Imagt*;  B,  pen:rptsuD  cram 
Uc,  eye :  E,  readiitf  ceaire  ^  1  lo  7  lesioits  (UeAt/ktim), 


cannot  understand  symbols,  such  as  printed  or  written  words,  or  it  may  be  any 
familiar  object,  although  he  can  see  quite  well,  while  he  can  speak  fluently  and 
write  correctly.] 
[In  word-deafness  the  person  hears  other  sounds  and  is  not  deaf,  but  he  docs 

not  hear  words.] 

[The  study  of  aphasia  in  its  various  forms  is  simplified  by  a  study  of  the  mode  of  acquiaibon  of 
language  by  a  child.  The  child  hears  spoken  word»  and  obtains  auditory  memories  or  in|»aak)Cii 
of  these  sounds  (called  by  l.ichtheim  "  auditory  wDrd-rcpreBcntations  "),  and  this  onut  tea 
the  siariiiig-point  of  language,  and  by  and  by  it  begins  to  co<^rdiiiale  its  muscles  to  produce  sooadl 
imitative  nf  the^c-  llms  we  have  two  cenires,  one  for  **  auditory  images  "  ( Fig.  436,  A),  and  ibc 
other  for  "motor  images"  (Fig.  436,  M).  and  these  iwomu-M  Ijc  connectc^l.  thus  cstahltshbi|(  a 
reflex  arc.  There  is  a  receptive  and  an  emis.sivc  department  as  represented  in  the  scheme.  W« 
must  assume  the  existence  of  a  higher  centre  (Hi,  "where  conceps  are  elat>ordtcd,"  wher*  tbcM 
sounds  become  intelligible.  Volitional  language  requires  a  connection  iMrtween  B  sod  M.  as  «cU 
as  between  A  and  M.  But  we  liave  also  reading  and  writing.  Suppose  O  to  rcpicscot  a 
for  visual  impressions  (printed  words  or  writing),  which  we  can  understand  through  th«  con 
between  »uch  visual  impressions  and  auditory  impressions,  whereby  a  |>ath  is  eitahliihvcl 
OA  (Fig.  437).  In  reading  aloud,  however,  the  oro-tingual  muscles  must  be  coflrdinalcd,  so  wt 
have  the  path  OAM  opened  up.  In  writing  or  copying  written  characieis  the  muvein«i)(a  of  tl* 
hand  are  special,  and  perhaps  require  a  s]M:cial  centre,  or  at  least  a  special  arrangement  of  the  cltaB' 
nels  for  impulses  ni  the  centre;  the  movements  are  learned  under  tlie  guidance  of  ocul&i  inipif* 
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"ittoni.  so  we  connect  O  and  E.  E  lieing  the  centre  guiding  the  movements  in  writing.  As  to 
volitional  writing  the  impulses  pass  ihrmigh  M,  but  does  it  paw  directly  to  E,  or  indirectly  through 
A  ?  Lichtheim  suiSQmcs  that  it  goes  direct  from  M  to  E.  It  is  evident  that  there  aie  seven  chan- 
neU  which  may  he  interrupted,  eoch  one  giving  rise  to  a  different  form  of  aphasia  (i  to  y).] 

[Loolced  at  from  another  point  of  view,  either  the  ingoing  (d)  or  outgoing  {m)  channels  or  cen- 
tres, or  the  commissura.1  fihrev  hetwcen  Ixith,  may  be  aiFected.  If  the  motor  centre  is  affected,  we 
have  Wernicke's  "  motor  aphasia ; "  if  the  sensory,  his  "  sensorial  aphasia."] 

[In  the  most  common  form,  or  ataxic  aphasia  (^A'usjmauJ),  which  was  that  descrihcd  by  Broca, 
or  the  *•  motor  aphasia"  of  Wernicke,  the  lesion  is  in  Fig.  436,  in  M,  /.  e.,  in  the  motor,  or  what 
Rot$  calls  the  emissive  department.  In  such  a  case  it  is  obvious  that  there  will  l>e  loss  of  (1)  volilioital 
speech,  (>]  re|)elition  of  words,  (3)  rending  aloud,  (4)  volitional  writing,  and  [5)  writing  to  dicta* 
tion;  while  there  will  exist  (a]  understanding  of  spoken  words,  f*)  also  of  written  words,  (c)  and 
the  faculty  of  copying.  If  the  lesion  be  in  A,  we  have  the  ■'  sensorial  aphasia"  of  Wernicke,  i.  ^., 
in  the  acoustic  word  centre;  we  hnd  loss  of  (i)  understanding  of  spoken  language.  (2)  also  of 
written  language.  {3)  faculty  of  repeating  words,  (4)  and  of  writing  to  diaation,  ($)  and  of  reading 
aloud  ;  there  will  exist  (-»)  the  faculty  of  writing,  (A)  of  copying  words,  and  {c)  of  volitional 
speech,  but  the  vditional  speech  is  imperfect,  the  wrong  word  being  often  used,  so  that  there  is  the 
condition  of  "paraphasia,"  If  the  conneclion  between  A  and  M  be  destroyed,  other  results  will 
follow,  and  %\ich  cases  of  •■  commissural "  aphasia  have  Iwen  de8crihe<i  by  Wernicke.  If  the  inter- 
ruption be  between  B  and  M  we  have  a  not  uncommon  variety  of  motor  aphasia  (4),  where  there 
is  loss  of  (1)  volitional  speech,  and  (2)  volitional  writing,  and  there  exist  (n)  understanding  of 
spoken  language,  {(i)  of  wriitcn  language, /c)  the  faculty  of  copying ;  but  it  differ*  from  Broca's 
aphasia  in  that  there  also  exists  (if)  the  faculty  of  re|)eating  words,  ic)  writing  to  dictation,  //).and 
reading  aloud.  If  the  lesion  is  in  Mm  (5)  the  symptoms  will  he  those  of  Hroca's  aphasia,  but  there 
will  exist  (i)  the  faculty  of  volitional  writing,  and  (2)  of  writing  to  dictation.  Many  examples  of 
this  occur  where  patients  have  lost  the  faculty  of  speaking,  but  can  express  their  thoughts  in  writ- 
ing. In  lesions  of  the  path  AB  (fi)  there  will  l>e  loss  of  (i)  utidcrst.andmg  of  spoken  language, 
and  (2)  of  written  language,  and  there  will  exist  {a]  volitional  speech  (but  it  will  I>e  paraphasic), 
(fi)  volitional  writing  (but  it  will  have  the  characters  of  paragraphia,  (^|  the  faculty  of  repeating 
words,  ((/ )  reading  .iloud,  [^)  writing  to  dictation,  and  (/ )  power  of  copying  words.  The  person 
will  Iw  quite  unable  to  understand  what  he  Tejwats,  reads  aloud,  or  copies.] 

III.  The  thennal  centre  of  Eulcnberg  and  Lamlois  for  the  extremities  is  associated  with  the 
motor  areas.  Injury  or  ilegenerntton  of  these  areas  causes  inet[ualtty  of  the  temperature  on  both 
ndcs  {fi^c A e^rru/).  In  long-standing  paraly&is  the  initially  high  temperature  of  the  atTected  limb 
may  fall  lower  than  that  of  the  sound  limb  (§  377).  In  cases  of  insanity,  with  general  progressive 
paralysis,  iHie  to  inHammation  of  the  cortex  cerebri,  the  temperature  of  the  axilla  on  the  same  side 
is  usually  higher  on  the  side  which  is  the  seat  of  the  paralysis.  In  cases  of  convuliicitJt  due  to  in- 
flammatory irritation  of  the  cortex  cerebri,  during  the  attack  the  temperature  on  the  same  side  as 
the  centre  is  several  tenths  of  a  degree  higher  than  on  the  other  side  [A'fitthatui). 

IV.  The  sensory  regions  are  those  areas  in  which  conscious  perceptions  of 
the  sensory  (mpressions  are  accomplished.  Perhaps  they  are  the  substratum  of 
sensory  perceptions,  and  of  the  memory  of  sensory  impressions. 

I.  The  psycho-optic  or  visual  centre,  arrording  to  Munk,  Meynert,  and 
Huguenin,  includes  the  occipital  lobes  (Fig.  429,  o',  o',  o"),  while  according  to 
Exncr  the  first  and  second  occipital  convolutions  are  its  chief  seats.  Huguenin 
observed,  in  a  case  of  long-standing  blindness,  consecutive  disappearance  of  the 
occipital  convolutions  on  both  sides  of  the  parieto-occipital  fissure,  while  Giova- 
nardi,  in  a  case  of  congenital  absence  of  the  eyes,  obser\*cd  atrophy  of  the  occi- 
pital lobes,  which  were  separated  by  a  deep  furrow  from  the  rest  of  the  brain. 
Stimulation  of  the  centre  gives  rise  to  the  phenomena  of  light  and  color.  Injury 
causes  disturbance  of  vision,  es|>ecially  hemiopia  of  the  same  side  (§  ^^44 — 
WesipM,  Jastrowi/z).  When  i^ffc  centre  is  the  seat  of  irritation  there  is  pho- 
topsia  of  the  same  halves  of  both  eyes  {Charcot^  Pn'nauti).  Stimulation  of  both 
centres  causes  the  occurrence  of  the  phenomena  of  light  or  t:oior,  or  visual  h.il- 
lucinations  in  the  entire  field  of  vision.  Cases  of  injury  to  the  brain,  where  the 
sensalion.s  of  light  and  s|>ace  are  quite  intact,  and  where  the  color  sense  alone  is 
abolished,  seem  to  indicate  that  the  color  sense  centre  must  be  specially  locali2ed 
in  the  visual  centre  {Sameisohn,  Strffan).  After  injury  of  certain  parts,  especially 
of  the  lower  parietal  lobe,  *' psychirai  /f/indnrss"'  may  occur.  A  special  form  of 
this  condition  is  known  as  "  wrord-blindncss  "  or  alexia  (Coecitas  verbalis), 
which  consists  in  this,  that  the  patient  is  no  longer  able  to  recognize  ordinary 
written  or  printed  characters  (p.  730). 


7o2    THE  AUDITORY.  GUSTATORY  AND  OLFACTORY  CENTRES. 

Charcol  rc«>r<!»  an  inleresting  caw  of  psychicn!  hlindnes*.  After  s  violert  pArosyim  of 
inlclligent  man  suddenly  lost  the  memory  of  visual  imprcwions;  nil  objects  f pcrviiu, ttreels, boctwi) 
which  were  well  known  to  him  appeared  to  be  '.juiie  ''tningc,  so  that  he  did  not  even  recog&ite  hiia- 
self  in  a  mirror.     Visual  perceptions  were  enilrely  absent  front  hixdreami. 

Clinical  observatioiif  on  hemiopia  ({  3>14)  show  ihat  the  Held  of  vitinn  of  each  eye  i»  divi4k<l 
into  a  larger  outer  and  a  smaller  innrr  portion,  scparnied  from  each  other  by  a  verticaJ  Isoe  ftan^ 
Ihroagh  the  macula  lutea.  Each  right  or  left  half  of  Imth  visual  fields  i»  related  to  oHf  hetmipfccre; 
both  left  halvex  are  projected  upon  the  left  nccipital  lobeK,  and  both  right  upon  llic  right  occtpital 
lobes.  Tlius,  in  binocular  vit-ion  eveiy  picture  (when  not  too  (mall)  must  be  Ken  iu  two  hal*ei; 
the  left  half  by  the  left,  the  right  half  t>y  the  right  hemisphere  ( IVtmule). 

An  a  reKuIl  of  pathological  KlimuUlian  of  iKc  visual  centre, especially  in  the  in&ane,  viiual  ipcCDtt 
may  l>e  pructuce<l.     Pick  observed  a  case  where  the  hallucinations  were  confined  to  the  right  eye. 

2.  The  psycho-acoustic  or  auditory  centre  lies  on  both  sides  (crossed)  in 
the  temporn-sphcnoidal  lobes ;  when  it  is  completely  removed  deafnesi  rcsulo, 
while  ]iartia)  (left  side)  injury  causes  psychical  deafness.  Among  ihe  pheDoniena 
caused  by  partial  injury  is  surditas  verbalis  (word-deafness).  which  may  occuf 
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alone  or  in  conjunction  with  coecitas  verbalis.  Wernicke  found  in  all  cases  of 
word-deafness  softening  of  the  first  left  lemfwro-sphenoidal  convolution  (p.  730)- 
In  left-handed  persons  the  centre  lies,  perhaps,  in  the  right  tem^ioro-:>>phenoidal 
lobes  (  Westphai^. 

Clinical,  — We  may  refer  the  cofcifas  and  surditas  vfrhdUi  {Kusimaui^  to  the  aphataiic  ^riMp 
of  (li>c.i»c«.  in  5()  far  as  they  resemble  the  amnesic  form.  A  pcnun  word-bliit>J  or  word-deaf  ttatm- 
bles  uiie  who,  in  cirly  youth,  has  learned  a  foreign  tongue,  which  he  has  completely  forj^riaen  il  t 
later  period.  He  heai^  or  reads  Ihc  words  and  written  characters;  he  can  even  repeat  or  write  the 
words,  but  he  has  completely  lust  the  sif>nificancc  of  the  signs.  While  an  amnesic  aphakic  |cnaB 
has  only  lo«l  the  key  to  open  his  vocal  treasure,  in  a  person  who  is  word-blind  or  word-deaf  m« 
this  IS  gone.  From  a  case  of  recovery  it  ij  known  that  to  the  patient  the  word  tounds  Ijkr  a  cm* 
fused  noise,     lluguenin  fuund  atrophy  of  the  temp>jTo».phenaidal  lobes  after  lung- continued  deafal 

3.  Gustatory  and  Olfactory  Centre. — In  the  uncinate  ^nis,  on  the  inmr 
side  of  the  temporo-sphenoidal  lobe  (especially  on  the  inner  side  of  that  niarfced 
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U  in  Fig.  425),  Ferrier  locates  the  joint  centres  for  smell  and  taste.  These  two 
centres  do  not  seem  to  be  distinct  locally  from  each  other. 

4.  Tactile  Areas. — According  to  Tripier,  Exner,  Pctrina,  and  others,  alt  the 
tactile  cerebral  fields  from  different  parts  of  the  body  coincide  with  the  motor 
cortical  centres  for  these  parts. 

Occasionally,  in  epileptics,  strong  stimulation  of  the  sensory  centres,  u  expressed  io  the  excessive 
subjective  scru^alions,  accompanies  the  spasmodic  attacks  (compare  \  393,  12).  Such  epileplifonn 
hallucinations,  however,  occur  without  spasms,  and  are  accompanied  only  hy  disturbancirs  of  con- 
sciousness of  very  shon  duration  [Brr^^er). 

Course  of  the  Psycho-sensory  Paths.— The  nerve  fibres  which  conduct 
impulses  from  the  sensory  organs  to  the  sensory  cortical  centres,  pass  through 
the  posterior  t/urti  of  the  posterior  limb  of  the  intestinal  capsule  between  the  optic 
thalamus  and  the  lenticular  nucleus  (Fig.  439,  S).  Hence  section  of  this  part  of 
the  internal  capsule  causes  hemianscsthesia  of  the  opposite  half  of  the  body 
{Charcot,  Veyssiere,  CarvilUy  Duret).  In  such  a  case  sensory  functions  are  abol- 
ished— only  the  viscera  retaining  their  sensibility.  There  may  also  be  loss  of 
hearing  {Veller^  Donkin),  smell  and  taste,  and  hemiopia  {Bechterejo). 

In  cases  where  there  is  more  or  less  injury  or  degeneration  of  these  paths,  there  is  a  correspond ing 
gretiler  or  lee  pronounced  loss  of  the  pressure  and  temperature  sense,  of  the  cutaneous  and  muscular 
sensibility,  nf  taste,  smell,  and  hearing.  The  eye  is  rarely  quite  blind,  but  the  xharpncMt  of  vision 
is  interfered  with,  the  tield  of  vision  is  narrowed,  wliile  the  color  sense  may  be  partially  or  completely 
los.     The  eye  on  the  same  side  may  suffer  to  a  slight  extent. 

V.  Numerous  cases  of  injury  of  the  anterior  frontal  region,  without  inter- 
ference with  motor  or  sensory  functions,  have  been  collected  by  Charcot,  Pitres, 
Ferrier,  and  others.  On  the  other  hand»  enfeeblement  of  the  intelligence  and 
idiocy  are  often  observed  in  ac^niired  or  congenital  defects  of  the  prefrontal  region. 
In  highly  intellectual  men,  Riidinger  found,  in  addition,  a  considerable  develop- 
ment of  the  lemporo-sphenoidal  lobe.  According  to  Flechsig,  there  is  no  doubt 
that  the  frontal  lobes  and  the  temporo-occipital  zone  are  related  to  intellectual 
processes,  more  especially  the  "  higher  "  of  these. 

Topography  of  the  Brain. — Tlie  relations  of  the  cliief  Bssures  and  convolutions  of  the  brain 
to  the  surface  of  the  !<.kull  are  given  in  I-'ig.  429,  the  brain  bein^  represented  after  Ecker  [Turner 
and  others  have  given  minute  directions  for  Hnding  the  position  of  the  different  convolutions  liy 
reference  lo  the  sutures  and  other  prominent  parts  of  the  skull.  The  foregoing  diagram  (Fig.  438), 
by  R.  W*  Reid,  shows  (he  relation  of  Ihe  convolutions  to  cenain  fixed  lines.] 

379.  THE  BASAL  GANGLIA— THE  MID-BRAIN.— [The  corpus 

striatum  in  reality  consists  of  two  parts,  an  intra-ventricular  portion  projecting 
into  the  lateral  ventricle  and  called  the  caudate  nucleus,  and  an  extra-ven- 
tricular portion  the  Lenticular  nucleus.  Between  the  head  of  the  caudate  nu- 
cleus internally  and  the  lenticular  nucleus  externally  lies  the  anterior  division  of 
the  internal  capsule.  The  fibres  which  pass  between  these  ganglia  do  not  seem  to 
form  connections  with  them.  The  expanded  head  of  the  caudate  nucleus  is  in 
front,  and  lies  inside  and  around  the  front  of  the  lenticular  nucleus,  with  which 
and  the  anterior  i>erforated  space  it  is  continuous;  it  sweeps  backward  into  a 
tailed  extremity,  which  nearly  surrounds  the  lenticular  nucleus  like  a  loop.  The 
lenticular  nucleus  is  biconvex  in  a  horizontal  section  (Fig.  439),  but  triangular 
and  subdivided  into  three  divisions  when  seen  in  a  vertical  section  (Fig.  433).] 

[The  older  observations  on  the  corpora  striata  in  man  may  be  dismisstrd,  as  a 
distinction  was  not  drawn  between  injury  to  its  two  parts  on  the  one  hand  and  the 
internal  capsule  on  the  other.] 

[The  caudate  nucleus  and  lenticular  nucleus  in  their  development  are 
coordinate  with  the  development  of  the  cortex  cerebri  (Fig.  439).  Electrical 
stimulation  of  these  ganglia  causes  general  muscular  contractions  in  the  oppo- 
site half  of  the  body.  The  same  result  i.s  obtained  as  if  all  the  motor  cortical 
centres  were  stimulated  simultaneously.] 
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Pathological, —  In  man,  a  lesion,  nni  too  tmall,  destroying  (he  antrrior  pan  of  the  corpiu  slri- 
atum  is  followed  by  permanent  paralysis  of  the  apposite  side  provided  the  intcniat  capsule  is  in- 
jured, but  the  paralysis  );radually  diMppcars  if  the  lenticular  and  caudate  nucleus  unly  are  afFected 
(compare  {  365).  Somelimeft  there  it  dilatation  of  the  blood  vessels  in  consequence  of  varamotor 
porolyrii  (|  377)  if  the  posterior  part  is  injured  {.\'ifeknaf;el\  \  redness  and  a  slightly  increased  tern- 
peraiure  of  the  paralyzed  extremities,  at  least  for  a  certain  time;  Kweiline  or  cedema  of  the  ex- 
Iremitics  ;  sweating  ;  anomalies  of  the  pulse  detectable  by  the  sphygmogiaph  ;  decubitus  acutus  on 
the  paralyzed  side  ;  abnormalities  of  the  nails,  hair,  skin  ;  acute  intlaiiHiiations  of  joints,  especially 
of  ine  shoulder.  I<ater,  contracture  or  permanent  contiaction  of  the  paralyzed  muscles  takes  place 
{//u^'uenin,  Charcot).  In  some  cases  there  is  cutaneous  anxsthesia,  and  occasionally  enfeebiemeni 
of  the  sense  organs  of  Uie  paralyzed  side,  and  both  when  the  [Kislerior  third  or  sensory  crossway 
of  the  posterior  section  of  the  internal  capsule  is  affected.  Usually,  however,  hemipiegia  and  kani- 
aHasthesM  occur  together. 

Optic  Thalamus. — Ferrier  did  not  observe  any  movements  to  occur  on 
stimulating  the  optic  Ihalami  with  electricity.  As  the  jiulvinar  or  jjosterior  ex- 
tremity of  the  optic  thalamus  is  one  of  the  parts  connected  with  the  origin  of  the 
optic  nerve,  and  is  also  connected  by  fibres  with  the  cortex  cerebri,  it  is  probably 
related  to  the  sense  of  sight.  Injury  to  the  posterior  third  in  man  results  in  dis- 
turbance of  vision  {Noihnagil),  Ferrier  surmises  that  the  sensory  fibres  pass 
through  the  optic  thalami  on  their  way  to  the  cortex,  so  that  when  they  are  de- 
stroyed insensibility  of  the  opposite  half  of  the  body  is  produced.  Removal  of 
the  optic  thalamus,  or  dcatruciion  of  the  part  in  the  neighborhood  of  the  inspira- 
tory centre  in  the  wall  of  th>  third  ventricle,  influences  the  coordinated  move- 
ments in  the  rabbit  {Cknstiam). 

We  know  very  little  delinilely  as  to  the  functions  of  these  oi^ans.  After  injury  to  one  thalamus 
there  has  been  otiserved  enfeebiemeni  or  paralysis  nf  the  muscles  of  the  opposite  side,  together  with 
mouvements  de  maniigc,  and  sometimes  bcmian^-sthesia  of  the  op[x>site  side,  with  or  witlioui  atfec- 
tions  of  the  miior  spheres,  have  been  recorded.  Extirpation  oi  certain  cortical  areas  (rabbilj  \% 
followed  by  atrophy  of  certain  parts  of  the  thalamus  [v.  Afouakffw). 

[Internal  Capsule, — In  connection  with  the  functions  of  the  basal  ganglia,  it  is 
most  important  to  remember  their  relation  to  the  internal  capsule.  The  corpus  stri- 
atum consists  of  an  intra-ventricular  part,  the  caudate  nucleus;  and  an  extra- ventric- 
ular part,  the  ienticuiar  nudeus.  The  lenticular  nucleus  consists  of  three  parts,  best 
seen  in  a  vertical  section  {Fig.  440,  x,  3,  3),  with  white  matter  between  them, 
the  stria  meduliares.  The  anterior  limb  ot  the  internal  capsule  sweeps  between 
the  ecaudate  and  lenticular  nucleus,  while  the  posterior  segment  lies  between  the 
optic  thalamus  and  the  lenticular  nucleus  (Fig.  440).  External  to  the  first  divi- 
sion of  the  lenticular  nucleus  is  the  external  capsule  (Figs.  439,  440),  whose 
function  is  unknown.  External  to  this  is  the  claustrum,  whose  function  is  also 
unknown.  It  is  evident  that  hemorrhage  into  or  about  the  basal  ganglia  is  apt  to 
involve  the  fibres  of  the  internal  capsule.  [When  the  lentitulo-striate  artery,  or, 
as  it  is  called,  the  "artery  of  hemorrhage  "  (Fig.  433,  uSL),  njinures,  it  may 
destroy  not  only  the  lenticular  nucleus,  but  the  internal  ca[>siile  will  be  compressed, 
and  the  same  is  the  case  with  the  lenticulo- optic  artery  ;  the  external  capsule  will 
lend  to  force  the  blood  inward.  We  know  that  in  the  posterior  segment  of 
the  capsule  the  volitional  or  pyramidal  fibres  lie  in  the  following  order  from  before 
backward,  those  for  the  face  (and  tongue)  in  the  knee,  in  the  anterior  third  those 
for  the  arm  and  hand,  and  in  the  middle  third  for  the  leg,  and,  perhaps,  behind 
these  those  for  the  trunk  (Fig.  439,  F,  A,  L)  ;  so  that  a  very  small  lesion  in  this 
region  will  affect  a  large  number  of  these  fibres,  converging  as  they  do,  like  the 
rays  of  a  fan,  from  the  motor  cortical  areas,  where  the  arrangement  of  these  cen- 
tres is  a  supcro-inferior  one  (Fig.  433),  to  become  an  an tero- posterior  one  in  the 
knee  and  posterior  limb  of  the  internal  capsule  (Fig.  439).  The  posterior  third 
of  this  limb  is  sensory  and  is  the  "  sensory  crossway." 

[Honley  points  out  that  hemorrhage  from  the  leoticulo-striate  Brtery  affects  in  order  the  muscles 
of  the  face,  arm,  leg  and  trunk,  while  recovery  is  in  the  inverse  order.] 


FranUl  McitoD  through  tbc  righc  cenbnl  bcinUphcn  In  front  of  the  toh  cobubImui«  (poilarior  tut&oc  of  Um  MCtlMk 

the  vasomotor  nerves.  In  affections  of  the  cerebral  peduncle  in  man,  we  most 
remember  the  relation  of  the  oculomotorius  to  it,  as  the  latter  is  often  paralyicd 
on  the  samf  side  (Xothnagfl)  [while  the  extremities,  tongue,  and  half  the  (ace  are 
paralyzed  on  the  opposite  side  from  the  lesion]. 

The  middle  third  ofibe  cruiu  of  the  cerebral  pcdo»dc(Fic 
435)  includes  ihe  direct  pyramidal  tracts  (||  365.  378).  Tte 
fibres  of  (he  inner  third  connect  the  froniai  lobet,  throuch  ibe 
superior  cercliellar  peduncletf  wtih  ihe  cerebellum.  In  the  ooUt 
third  are  fibres  which  connect  the  pons  with  the  temporal  anl 
occipital  cerebral  lobes  yJ-'lecJttig).  Tlie  fibres  which  pav  Iron 
the  i^mentum  into  (he  curooa  rediau  ccmdact  %coiarj  iapaiMi 

Pons  Varolii. — Stimulation  or  section  of  the  pom 
causes  pain  and  spasms ;  after  the  section  there  may 
be  sensory,  motor  and  vasomotor  paralysis,  together 
with  forced  movements.  For  diagnostic  purposes  in 
roan,  it  is  important  to  observe  if  alternate  hemiplegia 
be  present  {N&thnagfl.) 

[In  leitions  situated  in  the  lower  half  of  one  side  of  the  pnes 
there  is  facial  paralysis  on  the  same  side  as  ihe  leston  and  pcnlf* 
sis  I  mntor  and  sensory,  and  more  or  less  complete)  on  the  ^■ppO' 
Schem«  ot  the  fibre  m  the  pon» .  PT.    «!<«  «de  of  the  body ;  this  is  called  alternate  paralysia ;  while; 
ityramidai  iracu    K.  fjcioi  ftbm.    if  ihe  lesion  be  in  the  upper  half  of  one  ade  of  the  pooa.  the 

lion  of  pyratiiKlk,  oMi  the  parts  supphed  by  the  $Ui  and  oth  nenre*  may  ana  be 
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involved.  This  is  explained  by  Fig.  44T.  where  the  tipper  fncial  fibres  cross  in  the  pons.  Sudikn 
und  extenrive  lenons  of  the  pons  are  often  auociaied  with  hypcq}yrt;xia,  the  temperature  often 
rising  rapidly  within  an  hnur,  perhaps  from  the  gray  mailer  in  the  floor  of  ihc  4th  ventricle  l>ciag 
mffecieil ;  but  whether  it  is  due  to  some  effect  on  a  hent  regulating  or  heal  producing  centre  is  un- 
certain. Tumors  of  considerable  sire  may  press  un  the  pons  without  producing  very  marked 
sjnnptotns,  as  tumors  tend  to  push  aside  tb»ues,  unless  they  be  inltltraiiing  in  their  character. 
Lesions  of  the  transverse  superficial  fibres  (middle  cerebellar  peduncles)  often  give  rise  to 
involuntary  forced  muvement*,  there  being  a  tendency  to  move  to  «-)nc  side  or  tlie  other.] 

The  Corpora  Quadrigemina. — Destruction  of  these  bodies  on  one  sitU 
in  mammals,  or  their  hoinologues,  the  optic  lobes  in  birds,  amphibians  and 
fishes,  catises  actual  blindnessy  which  may  be  on  the  same  or  the  opposite  side, 
according  to  the  relation  of  the  fibres  crossing  at  the  optic  chiasnia  (^  344). 
Total  destruction  causes  blindness  of  both  eyes.  At  the  same  time,  the  reflex 
contraction  of  the  pupil,  due  to  stimulation  of  the  retina  with  light,  no  longer 
takes  place  {Fiourens)^  where  the  optic  is  the  afferent  and  the  oculomotorius  the 
efferent  nerve  (§  345).  If  the  cerebral  hemispheres  alone  be  removed  the  pupil 
still  contracts  to  light,  as  well  as  after  mechanical  stimulation  of  the  optic  nerve 
{H.  Afayo).  Destruction  of  the  corj^ora  quadrigemina  interferes  with  the  com- 
plete harmony  of  the  motor  acts;  disturbance  of  equilibrium  and  incoordination 
of  movements  occur  {Serres).  In  frogs,  Ooltz  observed  not  only  awkward, 
clumsy  movements,  but  at  the  same  time  (he  animals  have  to  a  large  extent  lost 
the  power  of  completely  balancing  the  body  (p.  705).  A  similar  result  was 
observed  in  pigeons  i^M  Ketuirick)  and  rabbits  {Ferrier).  Extirpation  of  the  eye- 
ball is  followed  by  atrophy  of  the  opposite  anterior  corpus  quadrigeminuni 
( GudiUn). 

According  to  Bechterew.  the  fibres  uf  one  optic  tract  pass  through  the  anterior  brachium  (Fig. 
439)  into  the  anterior  pair  (nates)  of  the  corpora  ciuadrigcmina  ;  while  those  filfres  which  cross  in 
the  chiasma  (Fig.  381}  pass  into  the  posterior  pair  (testes).  According  to  this  arrangemeiu  we 
have  partial  blindness,  according  as  one  or  other  pair  of  these  bodies  is  destroyed. 

[In  man  very  little  is  known  regarding  the  effects  of  disease  of  the  corpora  quadrigemina.  inter- 
ference with  the  ocular  muscles  being  the  most  marked  symptom,  but  the  incoordination  of  move- 
ment which  has  been  olecrvcd  may  be  due  to  jjressurc  upon  the  superior  cerebellar  jiedunclc,  while 
it  is  by  no  means  certain  that  the  defects  of  vi-^iun  are  directly  due  to  lesions  of  these  bodies.] 

Stimulation  of  the  Corpora  Quadrigemina. —  The  corpora  quadrigemina  react  to  electrical, 
chemical  attd  mechanical  stimuli.  The  results  uf  stirnulation  arc  very  variuuiily  stated.  Accord- 
ing 10  some  observers  there  is  dilalaiion  of  the  pupil  on  the  same  side;  according  to  Ferrier,  it  may 
be  the  pupil  on  the  opposite  or  on  the  same  side.  The  stimulation  may  be  conducted  Irom  the  cor- 
pora quadri(^cmina  to  the  medulla  oblongata,  and  to  the  origin  of  the  sympathetic,  for  after  section 
of  the  sympathetic  nerve  in  the  neck  dilatation  of  the  pupil  no  longer  takes  place  {A'ntill).  Accord- 
ing to  KdoU,  the  contraction  of  the  pupil  observed  by  the  older  experimenters  occurs  only  when 
the  adjoining  optic  tract  is  stimulalcd.  Stimulation  of  the  right  anterior  corpus  quadrigcminum 
causes  deviation  of  both  eyes  to  the  left  tand  conversely) ;  on  continuing  the  stimulation,  the  head 
is  turned  to  this  side.  On  di\iding  the  corpora  quadrigemina  by  a  vertical  median  incisiotv,  stimu- 
lation of  one  side  causes  the  result  to  take  place  only  on  one  side  (.UiamHi).  Kcrricr  observed 
signs  of  pain  on  stimulating  these  organ-s  in  mammals,  (.'arville  and  Durct  conclude  from  their 
experiments  that  these  organs  are  centres  for  the  extensor  movements  of  the  trunk.  Ferrier  found, 
OQ  stimulating  one  optic  lobe  in  a  pigeon,  dilatation  of  the  opposite  pupil,  turning  af  the  head 
toward  the  other  side  and  backward,  movement  of  the  opposite  wing  and  leg;  strong  stimulation 
caused  flapping  movements  of  both  wings.  Danilewsky,  Ferrier  and  Lauder  Brunton  observed  a 
ri»c  of  the  blood  pressure  and  slowing  of  the  heart  beat,  together  with  deeper  inspiration  and 
expiration.  According  to  Valentin  and  Budge,  stimulation  also  causes  movement  of  tnc  intestines 
and  bladder,  perhaps  excited  sccoiidntily  by  the  action  of  the  vasomotor  nerves. 

Bechterew  ascribes  all  the  phenomena,  excejrt  those  of  vision  itself,  which  accompany  injury  or 
stimulation  of  these  bodies,  to  affections  of  dccpcr-scatcti  parts.  He  asserts  that  the  corpora  quad- 
rigemina  contain  neither  the  centre  for  the  movements  of  the  pupils  nor  that  for  the  combined 
movements  of  the  eyeballs;  not  even  the  centre  for  maintaining  the  efiuilibrium  of  the  body. 
Stimulation  of  these  bodies  causes  the  animals  to  perform  marked  movements.  Retlcx  phenomena, 
nystagmus,  forced  roovemenls  and  unsteadiness  of  the  gait  only  occur,  however,  when  the  deeper 
ports  are  injured. 

Pathological. — Lesions  of  the  anterior  pair  in  man,  according  to  the  extent  of  the  lesion,  cause 
disturbance  of  vision,  failare  of  the  pupil  to  contract  to  light,  an'i  even  blindness;  there  may  be 
paralysis  of  the  cK:ulomotoTii  on  both  sides.  Disease  of  the  posterior  pair  may  be  associated  with 
disturbances  of  coordination  {Nothita^tf). 
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Forced  Movements. — It  is  evident  from  what  has  been  said  regarding  the 
importance  of  the  corpora  quadrigemina  for  (he  harmonious  execution  of  move- 
ments, that  um'/iififra/  injary  of  such  parts  as  are  connected  to  them  by  conduct- 
ing channels  must  give  rise  to  peculiar  unilateral  disturbance  of  the  cquilibnum. 
causing  variations  from  the  symmetrical  movements  of  both  sides  of  the  body. 
These  movements  are  caUed  forr^/f  Moi'^Mf/t/s.  To  this  class  belong  the  mouvC' 
ment  de  manage,  where  ihe  animal,  instead  of  moving  in  a  straight  line,  run* 
round  in  a  circle ;  index  movements,  where  the  anterior  part  of  the  body  ii 
moved  round  the  posterior  part,  which  remains  in  its  place,  just  like  the  move- 
ments of  an  index  round  its  axis;  and  rolling  movements,  when  the  animal  rolls 
on  its  long  axis.  All  these  forms  of  movement  may  pass  into  each  other,  and 
they  are,  in  fact,  merely  different  varieties  of  the  same  kind  of  movement.  The 
parts  of  the  nervous  system  whose  injury  produces  these  movements  are  the  corpui 
striatum,  optic  thalamus,  cerebral  peduncle,  pons,  middle  cerebellar  f>edunclcs, 
and  certain  parts  of  the  medulla  oblongata.  Eulenberg  observed  index  move- 
ments in  the  rabbit  after  injury  to  the  surface  of  Ihe  brain,  and  Bechlerew 
observed  the  same  in  dogs.  Forced  movements,  together  ^rith  ny'stagmus  and 
rotation  of  the  eyeballs,  are  caused  by  injury  to  the  olives  (B/^A/errw).  The 
statements  of  obsen'ers  vary  as  to  the  direction  and  kind  of  movement  prodoced 
by  injuring  individual  pans.  The  following  observations  have  been  made  :  Sec- 
tion of  the  anterior  part  of  the  pons  and  of  the  crura  cerebelti  causes  indcs, 
or,  it  may  be,  rolling  movements  toward  the  other  side  ;  section  of  the  posterior 
part  of  the  same  regions  causes  rolling  movements  toward  the  sam^  side,  whik 
the  same  result  is  caused  by  a  deeper  puncture  into  the  tuberculum  acustitum,  or 
into  the  restiforra  body.  Section  of  one  cerebral  peduncle  causes  mouvemcDn 
de  manage,  while  the  body  is  curved  with  the  convexity  toward  the  same  side. 
The  nearer  to  the  pons  the  section  is  made  the  smaller  is  the  circle  described; 
ultimately  index  movements  occur.  Injury  to  one  optic  thalamus  produces  results 
similar  to  puncture  of  the  anterior  part  of  the  cerebral  peduncle,  l^ccause  the 
latter  is  injured  along  with  it  at  the  same  time.  Injury  to  the  anterior  part  of  one 
ojjtic  thalamus  causes  the  opposite  kind  of  forced  movement,  viz.,  with  the  coo- 
cavity  of  the  body  toward  the  injured  side.  Injury  to  the  spinal  portion  of  the 
medulla  oblongata  Is  followed  by  bending  of  the  head  and  vertebral  column,  with 
the  convexity  toward  the  injun-d  side,  along  with  movements  in  a  circle.  Whcfi 
the  anterior  end  of  the  calamus  and  the  part  above  it  are  injured,  the  movements 
are  toward  the  sound  side. 

Strabismus  and  Nystagmus. — .\mong  the  forced  movements  may  be  rrck- 
oncd  deviation  ui  the  eyeballs,  strabismus  or  squintmg,  and  involuntary  osrilUiioo 
of  the  eyeballs,  constituting  nystagmus.  The  latter  condition  occurs  after  superfi- 
cial lesions  of  the  restiform  body,  as  well  as  of  the  floor  of  Ihe  4th  ventricle.  A 
unilateral  deep  transverse  injury,  from  the  apex  of  the  calamus  upward  as  far  tf 
the  tuberculum  acusticum,  causes  the  eye  of  the  s.ime  side  to  squint  downward  and 
forward,  that  of  the  other  side  backward  and  upward.  Section  of  both  sides  causes 
this  condition  to  disappear  {Schwahn).  Hence,  Eckhard  assumes  that  the  me- 
dulla oblongata  is  the  seat  of  an  apparatus  controlling  the  movements  of  the  eyes 
i^Eckhani). 

In  pathological  degeneration  of  the  olivary  body  of  Ihe  medulla  oblongaia  in  mao,  Meadwdco^ 
Mived  intent  rotatory  movements  toward  the  Sl^mt  side. 

Theory .^Id  orc^er  to  explain  ihe  occurrence  of  forced  movementk,  it  is  itiggesied  thai  then  <• 
nniialcraL  incomplete  paralysis  {i.a/araue),  so  ihai  Ihe  animal  in  ii.<i  eflortt  lo  move  on«wd  Icavfi 
llic  paralytic  side  sli^Iitly  behind  the  other,  and  hence  there  ts  a  variation  from  ibe  ^rmmeiry  oi  tbt 
movemeots,  Jlruwn  Scquard  regardi  the  matter  in  exactly  an  oppcisile  light,  vir..  as  due  lu  uteB* 
lation  from  injury  causing  an  exceuive  activity  oi  one  half  of  the  hody.  llrnle  asctitte*  ibe  imi«c- 
nients  to  vrrtij^o,  or  a  fteliiig  of  giddineux  ciiukciI  by  the  injury.  In  all  operations  on  ib«  cemral 
nervous  system,  where  the  equilibrium  is  deeply  alTcclcd,  there  is  a  oooutleraltic  iocnsaac  ta  Ihc 
number  and  depth  of  the  respirations  (  /.nttiiott). 

Other  Efrects.~-SDme  obtervers  noticed  variationi  of  the  blood  preaaare  and  a  tliftngt  ia  |W 
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nuinber  of  heart  beats  after  slimulatian  of  the  cortex  cerebri,  e.g.,  after  electrical  stiraalatinn  of  the 
motor  areas  for  the  extremities  {Bofhffimfmne's.  HaIo|;h  nb^rved  acceleration  of  the  pulse  on 
stimulating  several  points  on  the  cortex  cerehri  of  the  dog,  and  from  one  point  slowing  of  the  pulse. 
Eckhard  slimulaied  the  surface  of  ihe  hrain  in  ratibiis,  and  ax  a  rule  he  observeil  that  ax  lony  oa  sin- 
gle CTueed  muvements  occurred  in  the  anterior  extremities  there  was  no  elTect  upon  the  heart,  but 
thflt  the  heart  became  affected  as  soon  as  other  movements  occarred.  This  consists  in  slow,  strong 
pulse  beats,  with  occasional  weaker  t>eais,  while  at  the  same  time  the  blood  preuure  is  slightly  in- 
creased [^Boihefoniaine).  If  the  vagi  be  divided  beforehand,  the  eflect  upon  the  pulse  disappears, 
while  the  increase  of  the  !>lood  pressure  renuins.  That  psychical  processes  affect  the  aaion  of  the 
heart  was  known  to  Homer  and  Chryaijip.  Bochcfontaine  and  lupine,  on  stimulating  several  points, 
especially  in  the  neighl^orhuod  of  the  sulcus  cruciatus  in  a  dog,  observed  increased  secrellun  of 
MUiva,  Mowing  of  the  movements  of  the  stomach,  peristalsis  of  the  intestine,  contraction  of  Ihe 
^leen,  of  the  uicrus,  of  Ihe  bladder,  and  increased  respirations.  Bufalini,  on  attmulaling  those  parts 
of  the  cortex  which  cause  movements  of  the  jaw,  observed  the  secretion  of  gastric  juice  with  in- 
crease of  the  temperature  of  the  stomach.  Schiff,  Itrown-S^quard,  Kbslein,  K lost erhat fen,  and 
others,  have  observed  that  injury  to  the  pons,  corpus  striatum,  thalamus,  cerebral  peduncle,  and 
medulla  oblongata  often  causes  hypcitemia  and  hemorrhage  into  the  lung  (according  to  Itrown- 
S^quard,  especially  after  injury  to  one  side  of  the  pons,  which  alTecis  Ihe  opposite  lung),  under  the 
pleura,  in  the  stomach,  intestine,  and  kidneys.  Gastric  hemorrhage  is  common  after  injury  to  the 
pons  just  where  the  cerebral  [iciluncles  join  it  Similar  phenomena  have  been  observed  in  man  after 
apoplexy  or  cerebral  hemorrhage. 

Specially  interesting  is  the  cerebral  ttnilattrat  decubitus  acutus  described  by  Charcot,  which 
always  occurs  on  the  paralyzed  side  uf  the  Imdy,  i.e.,  on  the  side  opposite  to  the  cerebral  injury.  It 
begins  on  the  second  or  third  day,  rapidly  causes  enormous  destruction  mnd  sloughing  of  the  tissues 
on  the  back  and  lower  extremities,  and  death  soon  lakes  place.  The  decubitus  which  occurs  after 
spinal  injuries  u<^ually  begins  in  the  middle  line  of  the  buttocks,  and  extends  symmetrically  on  >oM 
sides.  In  caset  of  unilateral  injury  to  the  spinal  cord  the  decubitus  occurs  on  the  correspondiMg i\AK 
of  the  sacral  region  (p.  614). 

[Corpus  Callosum. — U  Ls  usually  stated  that  the  corpus  callosum  connects  the  convolutions  of 
one  side  of  ihc  brain  nilh  those  uf  the  other,  i.r.,  it  is  an  inter-hemispherical  commissure.  D.J, 
Hamilton,  however,  states  that  it  is  not  an  inter- hemispheric  commissure,  but  is  due  to  cortical  fibres 
coming  from  the  cortex  cerebri  to  be  connected  with  the  basal  ganglia  of  the  opposite  side.  Un  this 
view,  the  "corona  radiala,^'  as  usually  understood,  consists  only  of  the  tibrcs  which  pa^  from  the 
cerebral  peduncle  directly  up  to  the  cortex  on  the  same  side,  and  are  contained  in  the  posterior  di- 
vuion  and  knee  uf  the  inlemal  cajKuIe.  They  correspond  tn  I  he  motor  pyramidal  tracts.  Hamilton 
maintains  that  all  the  other  fibres  uf  the  internal  capsule  pass  into  the  crossed  callosal  Iraa,  and. 
Instead  of  running  directly  up  to  ihe  cortex  on  Ihe  same  side,  cross  in  the  corpus  callosum  lu  Ihe 
cortex  of  the  op|Ki.titc  side.  Ilcevnr,  rclymg  on  the  examination  of  the  brain  ol  monkeys,  by  Wci- 
gert's  method,  denies  that  any  fibres  of  Ihe  corpus  callosum  pass  into  the  external  or  internal  cap- 
sules, and  he  maintains  the  old  view  thai  the  corpus  callosam  is  a  commissure  between  the  two  heroi- 
apheres.] 

380.  STRUCTURE  AND  FUNCTIONS  OF  THE  CEREBELLUM.— [Structure. 
— (.jn  examining  a  vertical  .scciion  of  a  cerebellar  leaflet  we  observe  the  following  microscopic  ap- 
pcaiance5t:  Externally  is  the  pia  mater  wuh  its  blood  vessels  (F^.  442.  a\  which  pcnctraic  tuto  the 
gray  matter,  within  is  the  medulla  composed  of  while  fibres.  The  gray  matter  consists  of  h,  a 
broad  outer  or  tnolecular  layer  largely  com[H)sed  of  branched  fibrils,  and  internal  to  it  is  d,  the 
"granular,"  nuclear. or  rust-culorcd  layer.  On  the  boundary  line  between  these  two  is  the  layer  of 
Purkinje's  cells,  <-.  The  cells  of  Purkinje  form  a  single  layerof  large,  multipolar,  fiask  shaped  nerve 
cells,  which  hove  been  ccjmpared  to  the  hmnchcd  antlers  of  a  stag.  From  their  outer  surface  Is 
given  off  a  process  which  rapidly  divides  and  gives  rise  to  a  large  nuinber  of  smaller  procoscs  running 
outward  in  the  otiter  gray  layer.  Some  of  these  processes  form  part  of  the  ground  plexus  of  fibrils 
in  this  layer.  An  unbranchcd  axial  cylinder  process  is  sent  inward  to  the  granular  layers,  where  it 
becomes  continuous  wiili  a  nerve  fibre.  Every  cell  of  Purkinje  being  continuous  with  a  straight, 
unbranched  medullated  nerve  fibre.  The  unbrnnfktd  6bres  run  straight  from  the  medulla  through 
the  granular  layer,  forming  no  connection  with  its  granules.  A  second  set  of  branchtd  or  anaato- 
iDosing,  often  varicose,  nerve  fifjres  fintr  than  the  foregoing  pass  from  the  medulla  into  the  granular 
layer,  where  they  form  a  network  which  is  continued  into  the  molecular  layer.  The  granular 
layer  is  composed  of  clusely-jrackctl  granules  of  two  kinds,  one  is  stained  by  hxmatoxylin  and  the 
other  with  eosin  {Denisiettki*).  The  hLvmatoxylin  stained  cells  are  most  numerous,  ond  consist  of  a 
nucleus  surrounded  by  protoplasm,  and  they  are  what  were  formerly  called  granules.  The  eosin- 
stained  cells  [which  are  also  stained  by  nigrosin  {Beei'or)\  are  interposed  in  the  course  of  medul- 
lated nerve  ftbtes.  The  hitmatoxylin  cells,  called  glia  cells  by  Ileevor,  have  processes  and  form  a 
network  throughout  Ihe  granular  layer,  which  also  extends  into  the  motccular  layer.  Ihis  network 
is  regarded  as  the  conlinuattun  of  the  mollified  myelin  of  the  nerve  fibres,  and  it  forms  a  capsule  for 
the  cells  of  Purkinje.  The  molecular  layer  consists  of  a  ground  substance,  composed  of  a  spongy 
network  of  fine  fibrils  which  seem  lo  be  of  the  nature  of  neuro-!ceratin,  strengthened  here  and  there 
fay  stronger  tibrcs.     In  the  meshes  lies  a  homogeneous  substance.     Some  of  this  substance  is  more 
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condensed  to  form  a  limifatu  fxttrna  on  ih«  surface  of  the  cerebellum,  while  on  ihe  hofUKftry 
next  the  granular  layer  llic  branchn  of  the  glia  celU  form  a  limxtam  interna,  and  lielwcen  the  ti 
stretches  the  neurokeratin  network.  Sotne  stnall  variocose  nerve  fitres  exist  in  this  layer  coaiiui 
with  (hose  in  the  gruiultr  layer.  The  tiranched  pmces4  of  the  ccUa  of  Purkinjt  \a  librilUieU, 
and  the  hncr  processes  arc  compoMrd  also  of  fibriU,  which  are  gradually  diMrihaicd  until  tbp)'  he- 
come  isolated.  It  in  suggested  by  Beevor  that  these  fibrils  bend  at  a  right  angle  in  a  plane  parallel 
to  surface,  and  rearrange  ihenrtsclves  as  tibres  surrounded  by  a  medullatcd  sheath,  and  ihai  tlien 
fibres  run  inward  through  the  molecular  and  granular  layers — ai  the  hnncbed  filfrcs — <o  tiw 
medulla.] 


Fig.  442. 


Fig.  443. 
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Function. — Injuries  of  the  cercbelluio 

cause  disturttances  of  the  etjtiilibnutn  of 
the  botjy.  Most  pi^bably  the  cercbellam 
is  a  gi^at  and  ini|x)rtanl  central  orgtn  for 
the  ^ner  coordination  and  integration  of 
movements.  The  fact  that  it  is  connected 
with  all  the  columns  of  the  spinal  cord, 
with  the  central  ganglia  of  the  corpora 
quadrigemina,  and  cerebrum,  rendcnthi* 
very  probable.  The  direct  cercbelbr 
tracts  from  the  lateral  column  of  the  cord 
conduct  sensory  impressions  to  the  cere* 
helium,  and  thus  indicate  the  postoreof 
the  trunk.  The  cerebellum  may  xf(e0 
the  motor  nerves  of  the  cord  thn>ugh 
fibres  which  pass  downward  in  the  Utenl 
columns  of  the  cord  from  the  restifono 
bodies  (Fifchsig).  Injury  of  the  ceit- 
bellum  produces  neither  disturbance  of  the 
psychical  activities,  nor  does  it  interfere 
with  the  will  or  consciottsncss.  Injnriesio 
the  cerebellum  itselfdo  not  give  hsctoptio. 


Verlicsl  section  of  ihe  cerebclluni.  a,  pia  mater;  /, 
exicrnal  Uycr .  1-,  Ikyer  o(  Piukltijc'i  cclU  .  k,  t&ncr 
U)'cr  :  /,  inedulUry  while  mxiier. 

According  to  Schiff,  the  cerebetluni  does  not  oaually  regulate  the  codrdination  of 
According  to  him  there  is  a  mechaniam  on  both  aides  of  the  middle  line,  which  increaaes  all  iIm 
complicated  muscular  movements ;  not  only  those  for  {wwcrful  contractions,  hut  alK>  the  peaAu 
hnc  inovemenis  which  fix  the  limbs  and  joints.  Luciani  asseru  thai  destruction  of  the  ocfcbditf 
produces  a  condition  of  incomplete  tonuK,  there  being  a  want  of  energy  to  control  the  volwMBy 
muscles.     Each  half  of  Ihe  orgiin  acts  on  lioth  halves  of  the  body. 

Removal  of  Cercbelluin.^The  immediate  results  produced  by  injury  toBf 
removal  of  the  cerebellum  have  been  admirably  described  by  Flourens  (Fig.  443l> 
On  removing  the  most  superficial  layers  in  a  pigeon,  the  animal  merely  &boim 
signs  of  weakness  and  interference  with  the  untforroity  of  its  movemesa.    Oe 
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removing  more  of  cerebellum,  the  animal  became  greatly  excited,  and  made  violent 
irregular  movements,  which  did  not  partake  of  the  character  of  convulsions.  The 
sensorium  was  unaffected,  while  vision  and  hearing  were  intact.  Coordinated 
movements,  such  as  walking,  flying,  springing  and  turning,  could  be  executed  but 
imperfectly.  After  removal  of  the  deepest  layers,  the  power  of  executing  the  above- 
named  movements  was  completely  abolished.  On  placing  the  pigeon  on  its  back,  it 
could  not  get  on  its  legs;  at  the  same  time  it  made  continually  the  greatest  exertions 
in  its  movements,  but  these  were  always  incofirdinated,  and  therefore  without  any 
satisfactory  result. «  The  will,  intelligence,  and  perception  remained  intact;  the 
animal  could  see  £rhd  hear,  sought  to  avoid  obstacles  placed  in  its  way  ;  it  gradu- 
ally exhausted  itself  in  fruitless  efforts  to  get  on  its  legs,  and  ultimately  remained 
in  its  abnormal  position  quite  exhausted.  Flourens  concluded  from  these  experi- 
ments thai  the  cerebellum  is  the  centre  for  coordmating  voluntary  movements. 
Lussana  and  Morganti  regard  the  cerebellum  as  the  seat  of  the  muscular  sense. 

[Extirpation  in  Mammals. — The  dani^ers  atteoding  this  operation  are  so  great  that  but  few 
animals  sunive.  Luciani,  however,  liy  using  antiseptic  and  other  precautions,  has  been  able  to  do 
this  so  that  complcle  cicatrizalion  was  ubtained,  the  animal  (young  hitch)  being  restored  to  health 
for  a  few  months.  The  cerebellum  alone  was  removed,  but  not  its  peduncles.  As  in  all  other 
fiimilar  operations,  we  must  distingui>-h  sliarply  the  phenomena  manifested  during  recovery  from 
those  after  complete  recovery.  During  the /frf/^rrW  ufsix  wcelcs,  from  the  lime  of  the  operation 
until  complete  recovery,  the  symptoms  are  those  of  injury  and  irritation  of  the  divided  peduncles, 
along  with  those  resulting  from  the  removal  of  the  oi^n.  They  are  clonic  coniractians  of  the 
muscles  of  the  fore  limb,  neck  and  back,  passing  into  tonic  contractions  when  the  animal  attem|» 
(o  move,  and  also  weakness  of  the  hind  legs,  so  that  all  the  normal  voluntary  movements  are  inter- 
fered with,  i.t.,  incoordmated,  although  these  symptoms  may  be  explained  by  the  injury  to  adjoin- 
in|;  parts.  There  was  no  sciisory  dibluibancc  or  \o^  of  the  mu^ular  sense,  although  closing  the 
eyes  rendered  standing  impossible.  A$  recovery  takes  place  these  symptoms  disai})>ear,  and  the 
animal  enters  on  the  setond period,  where  the  symptoms  depending  on  the  actual  loss  of  the  organ 
arc  pronounced.  The  contracture  and  pseudo-paxalytic  weakness  disappear,  wbilt:  there  are  altera- 
tions in  the  tone  of  the  individual  muscles,  producing  a  sort  of  "cerebellar  ataxy."  The  dog 
could  swim  in  quite  a  normal  manner,  its  |x>wer  of  etjuilibration  was  not  interfered  with,  but  acts 
recjuiring  a  greater  development  of  muscular  energy  could  not  be  properly  executed.  Thu  period 
lasted  four  lo  tive  rnonth'i.  After  this  time  its  health  gave  way,  there  was  otitis,  conjunctivitis, 
articular  and  cutaneous  inH.imnialinna,  while  a  peculiar  form  of  marasmus  set  in,  the  animal  dying 
after  eight  mt>nlbs.  In  fishes,  also,  the  removal  of  the  cerebellum  docs  not  affect  their  power  of 
locomotion  [Bant/^/ot).] 

Duration  of  the  Phenomena. — After  superficial  lesions,  or  after  a  deep 
incision,  the  disturbances  of  coordinatron  sot}n  pass  away  {^F/iwfrns).  If  the 
injury  affects  the  lowest  third  of  the  cerebellum,  the  motor  disturl^ances  remain 
permanently.  .Symmetrical  lesions  do  not  disturb  coordination  iSchiff).  After 
removing  the  greater  ptvrtion  of  the  cerebellum  in  birds,  Weir  Mitchell  has 
observed  that  the  original  disturbances  gradually  disappear ;  and  offer  months 
only  slight  weakness  and  a  condition  of  rapid  fatigue  remain. 

In  the  do^,  su[ierficial  injuries  of  the  vermiform  process,  or  of  one-half  of  the  organ,  produce 
merely  temporary  disturt»nccs;  while  deep  injuries  to  the  vermiform  process,  or  removal  of  one 
hemisphere  and  a  part  of  the  vermifurm  process,  cause  permanent  rigidity  of  ihe  legs  and  shaking 
of  the  head ;  if  the  worm  and  bnth  halves  are  destroyed,  there  fallows  permanent  pronounced  dia- 
Inrlwnce  of  coordination  [v.  A/erinj;].  According  to  Baginsky,  destruaion  of  a  large  part  of  the 
vermiform  process  ,ilone  causes  in  mammals  [lernianeni  disturbance  of  coordination.  Kerrier  found 
that  a  vertical  section  of  the  cerebellum  in  monkeys  produced  only  inconsiderable  disturbances  of 
equilibrium;  after  injury  of  the  anterior  part  uf  the  middle  lobe  the  animal  often  tumbles  forward, 
while,  when  the  posterior  part  is  injured,  it  falls  backward.  After  injury  of  the  lateral  lobe  the 
animal  is  drawn  toward  the  affected  side  {Scktff,  Vutpian,  Ferritr.  ffitzig\.  If  the  middle  com- 
missure be  injured  the  animal  rolls  violently  on  its  long  axis  toward  the  injured  side  {Afa^enMf], 
Paralysis  never  occurs  after  injuries  of  Ihe  cerebellum,  nor  is  there  ever  disturbance  of  sensation  or 
of  the  sense  of  touch,  l.uciani  found  that  mirasmus  ultimately  set  in  in  animals  with  the  ctrc 
helium  extirpated,  in  fTogs  an  important  organ  concerned  with  nnotion  lies  at  the  junction  of  ihc 
oblongata  with  the  cerebellum  [/ici/iafdj.  After  it  is  removed  the  animal  can  no  longer  execute 
coordinated  jumping  movements,  nor  can  it  crawl  {GoUt). 

[In  man  the  cerebellum  is  connected  with  the  maintenance  of  the  equilibrium.  Tliere  may  be 
a  lesion  of  the  hemispheres  without  any  marked  symptoms,  but  if  the  middle  lol)C  be  injured  or 
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pressed  on  l>y  a  luraor  there  is  nxually  a  reeling  or  staegrring  gait  like  that  of  a  dninkett 
Ross  points  out  that  if  (he  tuinnr  atteci  ihc  up))cr  part  of  this  IoIk:  the  tendency  is  to  f^ll  lad 
anrl  it  in  the   lower  port,  to  fall  forwarri  or  to  revolve  round  n  horizontal  axis.     Vomiting 
queotly  persistent  and  well-marked,  while  there  may  be  ny&tagmuJi  and  tonic  retnction  of  ihij 
head.] 

ATier  injuries  of  the  cerebellum,  involuntary  oscillationii  of  the  eyehalU  or  nystagmus,  as  well  ai 
squinting  {Ji/tij^'fnJu,  HirtVfig),  have  been  observed  ;  while  Fcrher  observed  moremcnts  of  tbe 
eyetmlU  after  electrical  stimulation.  According  toCurschmaoa,  Eckhard  and  Schwaho,  this  ocoui, 
only  when  ihe  medulla  oblongata  \»  involved  {\  379). 

EfTecta  of  Electricity  and  Vertigo.— IT  an  electrical  current  be  passed  through  the  head«  by! 
placing  the  electrodea  in  the  masinid  fossa-  (ichind  Ixjth  ean;,  with  the  -i-  poli  l>ehind  the  right  an4j 
the  —  pole  behind  the  left  ear,  then  on  closing  the  current  there  is  severe  S'/Wi^ftf  and  ibe 
and  body  lean  to  the  ■\-  pule,  while  the  objects  around  seem  to  be  displaced  to  the  Icfl-  U  tbf 
eyes  be  closed  while  the  current  is  passing,  the  movements  appear  to  b«  transferred  to  the  pcrsoa 
himhelf,  so  that  he  has  a  feeling  of  rolalJon  to  the  left  iPurkinjt).  At  the  moment  the  head  leans 
toward  ihc  anode  the  eyes  turn  in  that  direction,  and  oiicn  CHhibit  nystagmui.  The  eletrrical  cm- 
rent  probably  slimulales  the  nerves  of  the  amfHilhe,  as  we  know  that  affections  of  these  India 
cause  vertigo  (}  350).  The  cerebellum  has  no  relation  to  the  scuual  activities,  as  was  maintained 
by  Gall.  The  contractions  of  the  uterus  observed  by  Valentin,  Budge  and  Spie^ll»efg,  alia 
stimulation  of  the  ci-rcbellum,  are  as  yet  unexplained. 

Pathological. — L<  sions  of  one  hemisphere  may  give  rise  to  no  symptoms,  but  if  the  middle  lofccis 
involved  there  is  incrdrdination  of  movement,  C3|)ecially  a  tendency  tu  fall,  unsteady  gait  and  pro- 
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flounced  vertigo.     Irritative  lesions  of  the  middle  peduncle  cause  compleie  gynting  moveaieih  *rf 
the  body  around  its  axis,  together  with  rotation  of  the  eyes  {Somtt')  and  head  (AWAfi^fr/). 

381.  PROTECTIVE  APPARATUS  OF  THE  BRAIN.— The  Meinbranrt.— TV 
dura  mater  cerebralis  is  intimately  united  to  the  periosteum  of  the  cavity  of  the  skull,  while  t^ 
Kpinal  dura  moler  forms  around  the  spinal  cord  a  freely  suspended  long  sack,  fixed  only  on  itiaa*^ 
rinr  Mjrfacc.  Il  is  a  fibrous  membrane,  consisting  of  limi  bundles  of  connective  tissue  inteivit*^ 
with  numt  rous  clastic  fibres,  and  provided  with  tluttcued  conncctive-tifsue  corpuscles  and  Vr'aMCT*''* 
plasma  cells.  The  smooth  innvr  surface  is  covered  with  a  layer  of  endoihelmm.  It  is  bol  lUfMf 
supphed  with  blood  vessels,  olthoui^h  they  are  more  numerous  in  the  ouicr  layers;  the  lyvjiwB 
are  nnmcmus,  while  nerves  whose  terminations  arc  unknown  give  to  the  dura  its  exqainle 
biltty  to  painful  operations  00  it.  Pacinian  corfu^cles  ha\e  been  found  in  the  dura  over  tfavl 
porsd  I.K>nc.  The  lymphatic  subdural  space  { Key  ami  RftzMui)  lies  Iwtween  the  dura 
arachnoid,  and  between  the  pia  and  arachnoid  is  the  subarachnoid  space  (Fig.  444).  These tv« 
ipaces  do  not  communicate  directly.  The  delicate  arachnoid,  thin  and  portUIIy  perforated,  poos  >■ 
blood  vesseK  and  without  nerves,  is  covered  on  both  surfaces  with  s«iuamous  cntlothehura.  (^ 
on  the  spinal  cord  is  it  separated  from  the  pia,  so  that  between  the  two  lies  the  lymphsiici 
arachnoid  space;  over  the  brain  the  two  membranes  ore  for  the  most  part  united  togcioer, 
the  parts  bridging  over  the  sulci  between  adjacent  convolutions.  The  arachnoid  pasMS  front 
liition  to  convolution  without  dipping  into  the  sulci,  while  the  pia  di|»  into  each  salcua  (Fig.  4 
The  ventricles  of  the  brain  communicate  freely  with  the  lymphatic  suharftchooid  spac««  bal 
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with  ihe  sahdural  space  { tt^aU<rvrf  an^/ f-'isi^Afr).  Tlie  pia  consists  of  delicaie  bundles  of  con- 
nective li&suc  wiihout  any  iidmixturc  of  eio^tic  liltrei:  it  i!^  richly  supplied  with  bloul  vc&scls  and 
lymphaiici,  and  c.irri-s  iicn'e*.  which  accom[«iny  the  blood  vessels  into  the  subsiaucc  of  the  brain 
{A'l'lfiktrr).     '[he  lymphatics  o{)«n  inLo  the  subarachnoid  space  f|  iq6). 

[Subarachnoid  Fluid,  or  ccrcbro  spinal  fluid,  lies  in  the  subarachnoid  ipace,  which  is  traversed 
by  tTubecuhv  of  connccrive  tissue.  Within  the  brain  are  a  series  of  cavities  called  ventricles, 
which  cocnmuDicate  one  with  andheT  in  a  definite  way.  The  fourth  ventncte  is  lined  by  a  layer 
of  columnar  cpithcJium,  and  covered  in  dorsally  by  a  mcinbraiie  und  conlitruatioii  of  the  pia  mater, 
from  the  middle  of  which  there  hnngs  Into  the  roof  of  the  fourth  ventricle  two  vascular  processes 
composed  of  capillaries— the  chonud  plexuses  of  the  fourth  vcniricle,  which  are  comparable  to  the. 
larger  plexuses  of  the  lateral  ventricles.  In  this  membrane  is  the  foramen  uf  -Magendic  and  two 
olher  smaller  foramina,  whereby  the  lluid  in  the  subnr.ichnuid  space  communicates  with  that  in  the 
fourth  ventricle ;  but  the  lymphatics  of  the  nene  sheaths  can  be  Injected  from  the  subarachnoid 
space,  so  \\ux  there  i«  direct  continuity  of  the  Huid  in  the  ventricles  of  the  brjin  with  that  in  sub- 
aracbn(Md  ^pace,  perivascular  spaces  of  the  cerebral  sultstance,  and  the  perineural  lymphatics  of 
nerve*.  The  avera^jc  quantity  is  about  2  ounce*,  and  if  it  be  suddenly  withdrawn  epilepsy  or 
convuUions  may  be  produced,  or  if  it  be  rapidly  increased  in  amount  coma  may  be  produced.  The 
middle  and  posterior  parts  of  the  brain  and  the  medulla  oblongata  do  not  rest  directly  on  bone, 
bot  are  separated  by  a  distmct  interval  frtjm  their  onscouk  case,  an  interval  occupied  by  the  cercbro- 
spinal  fluid  and  traver-ed  by  traliecuhv,  so  that,  as  Hilton  expresses  it,  this  fluid  fcrms  a  perfect 
water  bi:d  for  those  parts,  being  sustained  by  the  venous  circulation  and  the  elasticity  of  the  dura. 
It  ha»  important  mechanical  functions  protecting  delicate  jmrts  of  the  brain  from  injury;  by  dis* 
tributin^  vibratory  impulses  ii  insulntes  the  nerve  roots  and  has  important  relations  to  the  quantity 
of  blood  in  the  brain  ant^  the  cerebral  circulation  (Chemical  Composition,  \  19S).] 

[Spina  Bifida.  —  Sometimes  the  lamina:  of  the  vertcbnc  in  the  lumbar  or  other  region  ul  the 
spinal  column  are  imperfectly  developed,  in  which  case  the  memhranes  project  throu^jh  as  a  tumor 
distended  by  cere bro- spinal  fluid  and  covered  by  skin.  The  effects  of  rapid  tapping  or  compressing 
the  sack  aic  readily  studied  in  such  cases,] 

The  Pacchionian  bodies,  or  granulations,  are  connective-tissue  villi,  which  serve  for  the  out- 
flow of  lymph  from  the  .subdural  and  subarachnoid  spaces  into  the  sinuses  of  the  dura  maler,  espe- 
cially the  longitudinal  sinus.  Tlie  subarachnoid  space  also  comniunicateii  with  the  spaces  in  the 
^pongy  Iwne  of  the  skull,  and  with  the  veins  of  the  skull  and  surface  of  the  face  (ii'ti//w(i7fi'(). 
I'hc  sulKJural  space  also  communicates  with  the  lymphatic  spaces  in  the  dura,  while  the  latter  com- 
municate directly  with  the  veins  of  (he  dura.  Both  the  sulKlural  and  subarachnoid  lymphatic 
spaces  communicate  with  the  lymphatics  of  the  nasal  mucous  membrane.  The  space  outside  the 
dura  of  the  spinal  cord  is  called  the  epidural  apace,  anti  may  l>e  regarded  as  lymphatic  in  its 
nature ;  the  pleural  and  peritoneal  cavities  may  be  lilted  from  it ;  but  it  does  not  communicate  with 
the  cavity  of  the  skull  (  Waitieyer  and  Fiichtr).  The  plexuses  of  blood  vessels  are  surrounded  liy 
undeveIo[)ed  connective  tissue.  The  tela;  choroidDt  in  the  new-bom  are  still  covered  with  ciliated 
epithelium. 

The  Movements  of  the  Brain. — The  pulsatioi^s  of  the  large  basal  cerebral 
vejvscis  cutiunimkate  their  pulsatile  moveaients  (§  79,  6)  to  the  braiti — the 
respiratory  movements  aUo  affect  it,  so  that  the  brain  rises  tiuring  expiration 
and  sinks  (luring  inspiration.  Lastly,  there  are  .slight  alternating  vascular  eleva- 
tions and  dejjressions,  occurring  2  to  6  times  per  minute,  due  to  the  [leriodic 
dilatation  and  contraction  of  the  blood  vessels  (§  371).  P.sychical  excitement 
influences  these,  and  they  are  most  regular  during  sleep  CBurckhardty  Mays). 
The  movements  are  best  seen,  especially  where  the  membranes  of  the  brain  offer 
little  resistance,  e.g.^  over  the  fontanelles  in  children,  and  where  the  membranes 
have  been  exiKJsed  by  trephining.  The  presence  of  the  ceiebro-spinal  fluid  is 
most  tmporlaiit  for  the  occurrence  of  these  movements,  xs  it  proiKigates  the  pres- 
sure uniformly,  so  that  every  systolic  and  expiratory  dilatation  of  the  blood  vessels 
is  concentrated  upon  those  parts  of  the  cerebral  membrane  which  do  not  offer  any 
resistance  {Doruiers).  When  the  fluid  escapes,  ihe  movements  may  almost  dis- 
appear. 

Mental  excitement  increases  the  pulsations  of  the  brain.  At  the  moment  of  awaking,  the  amount 
of  blood  in  the  brain  diminishes;  sensory  stimuli  applied  during  sleep,  so  that  the  sleeper  dues  nut 
awake,  increase  the  amount  of  blood.  As  tlic  arteries  within  the  rigid  sWuU  case  change  their  vol* 
ume  with  each  pul&e  beat,  the  veins  (sinuses)  ekhibii  at  every  beat  a  pulsatile  variation  in  volume, 
the  opiwsiic  of  that  occurring  in  the  arteries  {Moxso). 

The  Cerebral  Blood  Vessels. — The  blood  vessels  of  the  pia,  of  course,  are  regulated  by  Ihe 
vasomotor  nerves  {\  356,  A,  3},  and  their  calibre  may  also  t«  influenced  by  the  stimulation  of  more 
distant  paru  of  the  body  {\  34,7).     Dondcrs  trephined  the  skull  so  as  to  make  a  round  hole,  and 
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filled  ii  with  a  piece  of  cIom,  so  that  with  a  micrMcope  he  could  obMrve  changes  in  ihe  eilitiRaf 
the  bhtml  vcsmtIs.  ParalysU  of  the  v^iiomotur  nen-es  and  narcotics  dilate  the  blood  veecli;  thct 
become  j^reatly  cuntractetl  at  death  (jj  373,  I).  The  blood  vessels  are  dilated  duhag  cerebnl 
activity  f  J|  100,  A)  as  well  as  during  sleep.  Increased  pressure  within  the  skull  causes  great  de- 
ran>;emcnt  of  (he  cercl>ral  activity;  labored  resjuration  (^  368,  H),  uncon»ciou&neia  creti  to  cocaa, 
and  ^uralylic  phenomena — all  of  which  may.  in  |)art,  lie  referable  to  diAturbancei  o^"  the  circulatioD 
If  all  the  cranial  arteries  be  ligatured  suddenly,  there  is  immediate  loss  of  consciousneu,  together 
« iOi  strong;  stimulation  of  the  medulla  oblongata  and  its  centres,  and  death  takes  place  rapidly  -«nlk 
convulsions  (coro[>are  J  373). 

Ily  the  free  anastomosis  which  takes  place  at  the  base  of  the  brain  forming  the  circle  of 
Willia  (Fig.  445),  the  individual  paru  of  the  brain  arc  preserved  from  waul  rif  blood,  when  one  w 
other  blood  vessel  is  comprc&sed  or  ligature<l.  IVifhin  the  brain  the  arienes  are  distrilwted  at 
**  terminal  "  anerics.  1.  r.,  the  terminal  branches  of  any  one  artery  end  in  their  own  area,  and  do 
not  anastomose  with  those  of  adjoining  areas  [Cohnhcim).    On  the  other  hand,  the  pdiphcal 
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arteries  (arteries  of  the  corpus  callosum.  Sylvian  fisstire.  aitd  deep  cerebral)  which  nin  eileraaDir  «• 
the  brain  form  free  ftnaslomo»ci  (  Tichomtrtnv). 

[The  nutrient  or  ganglionic  arteries  for  the  central  ganglia  arise  in  cmops  from  the  csfdec' 
Willie,  or  from  the  first  two  ctntimctrc*  of  its  trunks.  The  antero-median  group  1 1 )  «ap|ilin  ibc 
anterior  pail  of  the  head  of  the  caudate  nucleus.  The  postero-median  {i\  enter  the  pcitfcritf 
])erfura(ed  space  ami  supply  ihc  internal  surface  of  the  optic  thalami  and  Ihe  walU  of  the  thild 
ventricle.  The  antero-lateral  groups  i:^,;^)  from  the  middle  cerebral  enter  the  amerior  periontcd 
space,  supply  the  corpora  Mriala,  the  anterior  |Kin  of  the  optic  thalamus,  and  the  internal  esfai^- 
These  branches  arc  apt  to  rupture.  The  postero- lateral  (4,  4)  supply  a  lai^e  pait  of  the  o^ 
thalami  {CMartot).  A  line  drawn  at  a  distance  of  t«'o  centimetres  ontnde  the  circle  oC  Wiliii 
encloses  the  ganglionic  area.  The  cerebral  convolutions  arc  supplied  by  the  large  brandies  of 
llie  circle  of  Willis.  The  anterior  cerebral  curves  round  the  corpus  catlnsum.  and  «4ppIiothc 
gyrus  rectus  and  the  ^upraorhii.ii,  the  hmt  and  second  frontal  convolution.*,  the  upper  pan  of  tbf 
ascending  frontal,  and  the  inner  surface  of  the  hemisphere  as  far  as  the  (juadraic  lobule  |  Fig.  jTA 
I).     The  posterior  cerebral  goes  to  the  region  of  the  occipital  lohe  and  the  inferior  asped  of  tfct 
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tempora]  lobe ;  the  middle  cerebral  or  Sylvian  artery  divides  into  four  branches,  which  ^o  1°  the 
puuerior  part  of  the  frontal  lobe,  asceiuliiit;  frontal,  nnd  to  all  the  parietal  lobes,  i.  e.,  chiefly  to  the 
motor  areas  MM),  the  angular  gyrus,  and  to  the  tirst  temporosphcnoidal  lobule.  The  (enninal 
branches  of  these  (ganglionic  arteries  do  not  anastomose  with  the  cortical  system.  Fig.  446  ihows 
the  ganglionic  arteries  piercing  the  basal  ganglia.  tJbviousiy,  when  hemorrhage  of  the  leniiculo* 
striate  anery  or  *■  artery  of  heniorrhag;e  "  (4. 4)  occurs,  it  wilt  compress  the  lenticular  nucleus,  or 
tear  it  up,  and  may  even  injure  ihc  parts  outside,  such  as  the  external  capsule.  cUustrum  (T),  and 
island  of  Rcil  (R),  or  those  inside,  e.i;.,  the  internal  ca|»ule.] 

[Thus  the  anterior  cerebral  supplies  the  prefrontal  area  and  a  small  part  of  the  motor  area^lhat 
for  the  leg  centre  in  the  paraccntrai  lobule  and  up|>er  end  of  the  ascending  front  (and  fwrhaps  for 
the  trunk).  The  posterior  cerebral  supplier  the  centre  for  vision,  and  that  connected  with  the 
course  of  the  posterior  [^rt  of  the  <>ptic  expansion,  and  also  the  sensory  part  of  the  internal  capsule. 
The  middle  cerebral  supplies  the  motor  areas  of  the  cortex  except  part  of  the  leg  centre  and  the 
basal  ganglia,  the  auditory  centre,  and  that  for  sjieech  (^trui^rj).] 

[The  cerebral  circulation  has  many  ijcculiariiics.  The  curves  on  the  arteries  serve  to  modify 
the  effect  of  the  canliac  shock;  the  circle  of  Willis  permits  within  limits  a  free  circulation,  but  in 
as  far  as  the  skull  is  largely  a  rigid  box.  it  was  at  one  time  taught  that,  as  the  brain  substance  and 
its  fluids  were  practically  incompressible,  it  was  impossible  to  alter  the  amount  of  blour]  in  the 
brain.     This  is  a  mistake.     Tlie  amount  of  bluod  undergoes  an  alteration  in  this  way,  that  when 
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Traiwvenc  aectton  of  the  ocrchram  behind  the  optic  chl^ma.  Arlerio  of  ihc  curnus  »rtatiim.  C  k,  optic  chiaiuna  ; 
B,  MClioa  of  optic  tract ;  L,,  lenilaiUr  nucJeus;  I ,  ialemaj  captulc ;  C.  cauiUte  nucleus.  E.  eicteni«l  ctpoule: 
T.  cUustrum  ,  R,  cunvijlurmm  of  the  tiland  of  R«II;  V  V,  MCtinn  uf  ihe  Uieml  vcntritlr*;  P  P.  titlUr«  of  the 
fornix  :  O.^niy  «uUunce  of  the  third  ventricle.  Vascular  areas — I.  anterior  cerebral  arl«ry  ^  ll.Sylviitn  artery  : 
HI,  poitenor  cerebral  artery:  1,  internal  carotid  ;  a,  Sylvian,  3,  anterior  cvrcbral  artery  :  4,  *,  lenticulo-*iriftle 
artcncs;  3,  j,  lenticular  artcrict. 


more  blood  passes  in,  some  cerehro -spinal  Huid  moves  out,  and  vi^e  tv>rj^,  so  that  there  is  an  inti- 
imie  relation  between  the*e  fluids.  In  the  dc^-elnping  skull  the  ccrchro-spinal  fluid  may  accumulate 
in  large  amount  within  the  ventricles,  and  grcilly  dis-tend  both  them  and  the  yielding  skull  case 
from  internal  pres-iure,  a«  in  acute  hydrocephalus.  The  peculiarities  and  indef>cndence  of  the 
cortical  and  ganglionic  arteriei  have  alre;wiy  hccn  referred  ta.  Pluming  by  means  of  a  clot, 
vegetation  or  wart  carried  from  ih-  heart  is  common  in  the  left  middle  cerebral  artery.  Why? 
When  the  plug  is  M-ashed  away  by  the  blood  stream,  owing  to  the  left  carotiil  spnnging  fmm  the 
aona  nearly  in  line  with  the  hlnod  current,  the  plug  readily  passes  into  the  carotid,  and  so  into  the 
left  middle  cerebral,  which  is  m  line  wuh  the  internal  carotid,  tn  such  a  case,  the  convolutions 
and  parts  supplied  by  it  nre  suddenly  deprived  of  blood  with  immediate  and  bcrious  results.] 

[The  venous  circulation  is  peculiar.  The  sinuses  are  really  spaces  Iwtween  the  Livers  of  the 
tough  dura  mater,  and  partly  twunded  l>y  bone.  The  blood  moves  in  the  longitudinal  sinus  from 
before  backward,  but  most  of  the  cortical  veins  open  into  it  in  a  forward  dircctiim,  so  that  their 
stream  is  opposed  to  that  in  the  sinus.  Thus,  the  blood  which  enters  the  brain  by  a.scending  arteries 
reaches  Ihc  sinuses  by  asccntling  veins,  the  reverse  of  what  obtains  elsewhere,  where  ascending 
veins  convey  blood  from  descending  arteries,  whereby  the  hydrostatic  pressure  and  gravity  aid  the 
circulation,  but  here  gravitaTinn  is  op|K>scil  t<i  the  flow  of  blood  in  the  cerebral  veins.  This  will 
help  to  explain  the  occurrence  of  thrombosis  in  these  vessels.  Some  of  the  veins  on  the  surface 
communicate  with  intracranial  veins,  e.  g.,  those  of  the   nose,  the  facial  through  the  ophthalmic. 
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m^oid  veins  and  veinx  of  \he  difdce.     Hence,  morbid  procease*  Affecting  the  scftlp  itrymf 
car  (caries),  or  face  (carbuncle)  may  readily  afTect  intracranial  structures  ( (Smt>tTj).'\ 

If  a  person  who  ha«  been  in  bed  for  a  long  tim^.  and  whose  blood  is  small  in  omauoi,  be  snddcnlf 
lifted  up  into  the  erect  pmition,  cerebral  ann-mia  is  not  unfre(|uently  (>roduced,  owing  to  hytltosuiK 
causes.  At  the  same  time  there  tnay  he  loss  of  cnnsciousnesx  and  imptirmenl  of  the  senses,  lit' 
bcimeister  re(;arJs  the  thyroid  gland  as  a  collateral  l>lood  reservoir  which  empties  its  blood  Unranl 
the  head  dunng  such  changes  of  the  position  of  the  body.  I'erhaps  this  mciy  explain  ihe  (HreUiBf 
of  the  thyroid  a»  a  com|>ensator)'  act,  when  the  hcan  heats  violently  and  the  brain  is  surchat^vd 
uith  blcxid  {W  103,  II[,  and  371).  Very  violent  muscular  exertion,  as  well  as  marked  ftctivitrof 
other  nrtjans,  cauite  a  vf  ry  considerable  fall  of  the  hli»o<l  pressure  in  the  carotid. 

Pressure  on  the  Brain. — The  brain  and  the  Huid  «urTnun<ling  it  are  constantly  Mjhjectcd  to  a 
certain  mean  pressure,  which  must  ultimately  depend  upon  the  blood  pressure  wiihin  the  vascular 
lystem.  The  investigations  of  Nnunyn  and  Schreil^r  on  the  .v^^^rW /rwjirrr  (ot  ceretwo-jpinal 
pressure)  showed  that  the  pressure  must  be  slightly  less  than  the  pressure  within  the  carotid  bdoct 
the  symptoms  proper  to  pressure  on  the  brain  occur.  These  are  sudden  attacks  of  beadftchc,  with 
venigo,  or  ii  may  l>e  loss  of  consciousne^,  vomiiing,  slowing  of  the  pulse,  slow  and  shallow  rei|ii- 
ratioD,c<invuUion« — while  the  pressure  of  the  ccrcbro- spinal  Huid  is  increased.  The  caaac  of  tbew 
phenomena  lies  in  the  annrmia  of  the  brain.  If  the  pressure  is  moderale.  the  above  named  vpk^ 
tjms  may  remain  latent;  nevertheless,  distarbances  of  the  nutrition  of  the  brain  occur,  with  eon* 
seculivc  phenomena,  such  ns  persistent  slight  headache,  feclini;  of  vertigo,  muscnUr  weaknew  u>d 
disturltances  of  vinon  (owing  to  neuro. retinitis  with  choked  disk).  Increase  of  the  blood  prcMUit 
diminishes  the  symptoms,  while  diminution  of  the  blomi  pressure  causes  more  pronounced  phe- 
nomena of  cerebrospinal  pressure.  In  the  dog.  pain  t>egins  with  a  pressure  of  70  to  So  mm.  H(. 
CoHscioumtis  is  abolishtti  when  the  pressure  is  higher,  and  at  80  to  too  mm.  spasms  lake  place.  A 
pressure  of  100  to  120  mm.  causes  stotaing  of  the  pulse,  owing  to  stimulation  of  the  vagus  at  itt 
origin;  the  respirations  ore  temporarily  accelerated  at>d  then  diminuh.  Long-continued  levcit 
Compression  always,  sooner  or  later,  ends  f«tally,  The  blood  pressure  al  first  is  increased,  owinc  to 
reflex  stimulation  of  the  vasomotor  centre  from  ihe  pressure  stimulating  the  sensory  nerves;  ulti- 
mately the  blood  pressure  fatU  and  the  pulse  becomes  very  i^low.  Irregular  variations  in  the  b)oo4 
pressure  point  to  a  direct  central  stimulation  of  the  vasomotor  centre  by  pressure.  The  ftppliaciiiB 
of  coDtiDued,  slowly-increasing  pressure  compresses  the  brain  {^Adamkiewitx), 

38a.  COMPARAXIVE— HISTORICAL.— CorT>paratlve.— Nerves  arc  absent  in  the  pn> 
tozoa.  Ncum-muscular  cells  {\  296)  occur  in  the  ccclenterata,  in  the  hydroida  and  mcdusr.  uA 
they  arc  the  first  indications  of  a  nervous  apparatus,  '['he  umbrella  of  the  medusa  is  covered  witk 
a  plexus  of  nerve  fibriU,  which  at  various  parts  along  its  marcln  te  provided  with  small  o^ahr 
thickenings  corresponding  to  ganglia,  and  from  thc-'C  nerve  fibres  proceed  to  the  sense  orno^ 
Many  of  the  worms  possess  a  nervous  ring  in  the  cephalic  |M>rtion,  and  in  those  provided  «itn  an 
intestine  a  single  or  double  nervous  cord,  in  the  form  of  a  ring,  surrounds  the  pharynx.  Branches 
(often  two)  pass  from  this  into  the  elongated  body,  and  usually  these  carry  ganglia  corresponding  to 
each  ring  of  the  body  of  the  animnl.  In  the  leech  only  one  gan>^liatcd  cord  is  present.  lo  Ike 
echinodermata  a  Inrt^e  nerve  ring  surrounds  the  miuth,  and  from  it  large  ner\'es  proceed,  00m- 
sponding  to  the  chief  trunks  of  the  water- vascular  system.  .\i  the  iKiints  where  the  nerves  axe  givca 
off,  the  nervous  rin^  is  provided  whli  the  mj  called  "  anibulacral  lirains."  The  arthropoda  arc 
provided  with  a  lai^e  ceph.ilic  ganglion  placed  above  the  phnrynx,  from  which  rters'cs  posa  to  the 
sen>«  oi^ans.  Another  ganglion  lies  on  the  under  surface  of  the  pharynx,  and  is  connected  vkh 
the  former  by  commissures.  The  pharynx  is  thus  cmbr.)ced  by  a  gangltated  ring,  and  from  it  pro* 
ceed  the  abdominal  gnugUnted  double  chain,  along  the  ventral  surface  of  the  body,  through  tbc 
thorax  and  abdomen.  Somrtimes  several  ganglia  unite  to  form  a  large  compound  ganglion,  while 
in  other  cases  each  segment  of  the  body  contains  its  own  ganglia.  In  the  molluoca  the  irsopha- 
geol  nervous  ring  is  present,  although  ihc  ganglionic  masses  vary  much  in  position  within  it.  A 
number  of  compound  ganglia  lie  scattered  in  difTercnt  parts  of  the  body,  and  are  united  by  oeno 
to  the  former.  They  represent  the  sympathetic  system.  In  the  cephalopoda  the  ii?v>phagea]  rinc 
has  almost  no  commissure,  and  a  p.'in  of  the  ganglionic  matter  is  enclosed  in  a  cartilaginous  capsalc, 
and  is  often  spukcnuf  as  a  "  brain."  .\dditioaal  ganglia  arc  found  in  tlie  mantle,  heart  and  stomach. 
Ill  vertebrates  the  nervous  system  invariably  lies  on  the  dorsal  aspect  of  the  body.  In  tbc  amphi- 
oxus  there  is  no  separation  into  brain  and  spinal  cord.     (See  \\  374  and  375-) 

Historical. — AlkmSou  (5S0  t).c.)  |>taced  llie  seat  of  consciousness  in  the  brain;  Galen  (t3t-Wt 
A.D. )  regar<led  it  as  the  seat  of  the  iin^mlses  for  voluntary  movements.  Aristotle  (384  a.c}  ascribed 
the  relatively  largest  brain  to  man ;  he  iitated  that  it  was  inexcitable  lo  sUmuh  (insensible).  One  of 
the  functions  he  ascribed  lu  the  brain  was  to  cool  the  heat  ascending  from  the  heart.  Ilefophilu 
(300  B.C.)  gave  the  name  calamus  scriptonus,  and  he  regarded  the  4th  ventricle  as  the  most  im| 


organ  for  the  maintenance  of  life.  Kvcn  tri  llcmcr  there  are  repeated  references  to  the  daocffit^ 
injuries  of  the  neck.  .Ardaeus  and  Cassius  FeliK  (Q/  A n.l  wcic  aware  of  the  fact  that  leaoi  «/ 
one  cerebral  hemisphere  caused  paralysis  on  the  opposite  side  of  the  body.  Galen  was  acqaiiBted 
with  the  path  in  the  ipinal  curd  connected  with  movement  and  sensation.  Vesaliu  (l$40)  <!** 
scribed  the  live  ventricles  of  the  brain.     R.  Colombo  (1559)  observed  the  movements  of  the  fafiilt 
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iiochroDous  with  Ihc  action  of  the  heart.  A  more  careful  description  of  these  movements  was 
given  bjr  Riolan  ( i6i^)*  Coiter  {1573)  discovered  that  an  animal  can  live  after  removal  of  its 
cerebnim.  About  the  middle  of  the  lythcenlury,  Wepfer  discovered  the  hemorrhagic  nature  of 
apoplexy.  Schneider  (1660)  estimated  the  weight  of  the  brain  in  different  animals.  MisticheUi 
(1709)  and  IVtil  (1710)  dctcribcd  the  decuswition  of  the  Hbres  of  the  spinal  cord  below  the  pons. 
Gait  discovered  the  partial  origin  of  the  optic  nerve  from  the  anterior  pair  of  the  cor{>ora  qiiadri- 
Keinina.  and  by  dissecting  the  brain  from  below  he  attempted  to  trace  the  course  of  the  nerve  6bres 
to  the  convolutions  (iSio).  Rolando  described  more  nccuratcly  the  form  of  the  gray  matter  of  the 
spinal  cord.  Carus  (1814/  discovered  the  central  canal.  The  most  compendious  work  on  the  brain 
was  written  t^y  But(lach  {1S19-1826).     The  more  recent  observations  are  referred  to  in  the  text. 


Physiology  OF  the  Sense  Organs. 


383.  INTRODUCTORY  OBSERVATIONS.— Requisite  Condi- 
tions.— The  sense  organs  have  the  function  of  Iransferring  10  the  sonsorium  im- 
pressions of  the  varions  phenomena  of  the  external  world ;  ihey  ure.  in  fact,  the 
intermediate  instruments  o{  sensory  perceptions.  In  order  that  this  may  occur,  the 
foUowing  conditions  mnst  be  fulfilled:  (i)  The  sense  organ,  provided  with  iti 
specific  end  organ,  must  be  anatomically  perfect,  and  capable  of  acting  physio- 
logically. (2)  A  "  specific  stimulus"  must  be  present,  which,  under  nomwl 
conditions,  acts  upon  the  end  organ.  (3)  The  sense  organ  must  be  connected 
with  the  cerebrum  by  means  of  a  nerve,  and  the  conduction  through  this  path 
must  be  uninterrupted.  {4)  During  the  act  of  stimulation,  the  psychical  activity 
(attention)  must  be  directed  to  the  process,  and  then  the  sensation  results,  r.^., 
of  light  or  sound,  through  the  sense  organ.  (5)  Lastly,  when  by  a  psychical  act 
the  sensation  is  referred  to  the  external  cause,  then  there  is  a  conscious  sensory 
perception.  Often,  however,  this  relation  is  completed  as  an  unconscious  con 
elusion,  as  it  is  essentially  a  deduction  from  previous  experience. 

Stimuli. — Willi  rcj^rd  to  the  stimuli  which  are  applied  to  the  sensory  apjiaratus,  we  disliji^uidh : 
( I )  Adequate  or  homologous  uitnuli,  i.e.,  stimuli  for  whose  action  the  »ense  organs  are  specially 
adapted,  such  an  the  rods  and  corses  of  the  retina  for  Ihe  vibrallanjior  the  elhcr.  Thu&  each  mbk 
OTfian  bos  a  specific  form  of  stimulus  best  adapted  lo  act  upon  il.  This  is  what  Johannes  MitUn 
called  the  law  of  specific  energy,  {2)  There  are  many  other  forms  of  slimuh  (mechanical,  thermal, 
chemical,  electrical,  internal  nomatic)  which  act  upon  the  Mmse  organs,  producini;  the  f!a»h  of  li|;bt 
beheld  when  the  eye  is  struck  ;  singing  in  the  ears  when  there  is  congestion  of  the  head.  Thcs* 
heterologous  stimuli  act  upon  the  nervous  elements  uf  the  sensory  apparatus  along  their  r»{irt 
course,  from  the  end  organ  to  the  cortex  cerebri.  The  homolngouii  stimuli,  on  the  other  hand,  sa 
only  on  the  end  organ,  i.e.,  light  has  no  effect  whatever  upon  the  trunk  of  the  exposed  optic  nerve. 

Strength  and  Liminal  Intensity, — Homologous  stimuli  art  upon  the  sen- 
sory organs  only  within  certain  limits  as  to  strength.  Very  feeble  stimuli  at  firtt 
produce  no  effect.  That  strength  of  stimulus  which  is  just  sufficient  to  cause  the 
firat  trace  of  a  sensation  is  called  by  Fechncr  the  "  liminal  intensity  "  uf  the 
sensation.  As  the  strength  of  the  stimulus  increases  so  abo  do  the  sensations,  but 
the  sensations  increase  equally  when  the  strength  of  the  stimulus  increases  in  rela- 
tive proportions.  Thus  we  have  the  same  sensation  of  equal  increase  of  light 
when,  instead  of  10  candles,  11,  or  instead  of  100  candles,  no  are  lighted — the 
|)roport)on  of  increase  in  both  cases  is  e<Lual  to  one-tenth.  As  the  logarithm  of 
the  numbers  increases  in  an  equal  degree  when  the  numbers  increase  in  the  same 
relative  proportion,  the  law  may  be  expressed  thus:  "The  sensations  do  not  in- 
crease with  the  absolute  strength  of  the  stimuli,  but  nearly  as  the  log.trithm  of  the 
strength  of  the  stimulus.**  This  is  Feehnet^ s  ••  psycho- physical  law."  but  its 
accuracy  has  recently  been  challenged  by  E.  Hering.  [It  holds  good  only  with 
regard  to  stimuli  of  medium  strength.]  If  the  specific  stimulus  be  too  intense  it 
gives  rise  to  peculiar  painful  sensations,  e.g.,  a  feeling  of  blindness  or  deafne«.  as 
the  case  may  be.  The  sense  organs  respond  to  adequate  stimuli,  but  only  within 
certain  limits  of  the  stimulus,  e.g..,  the  ear  responds  only  to  vibrating  bodies  emit- 
ting a  certain  range  of  vibrations  per  second;  the  retina  responds  only  to  the 
vibrations  of  the  ether  between  red  and  violet,  but  not  to  the  so-called  heat  vibra- 
tions or  to  the  chemically  active  vibrations. 
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[Fechner'a  Law. — Exprcised  in  another  way,  the  result  depcndii  on  (i)  the  rircTigth  of  the 
stimulus,  and  (2)  the  de^^ree  o(  exciiability.  Supposing  the  latter  lo  be  constant  while  the  former  is 
varied,  it  is  found  that  if  the  Mimulus  be  doubled,  tripled  or  quadrupled,  the  sensation  increases 
only  as  the  logarithm  of  tkt  stimulns.  Suppose  the  stimulus  to  be  increased  10,  100  or  1000 
times,  then  the  seiisaiiou  increases  only  as  1,2  or  3.  Just  as  there  vi  9>  lower  limit  of  txcitation^ 
Hminni  inttnsity  (or  thnshoU),  so  there  is  an  upper  limit  or  maximum  of  fxeiiafion,  or  Height  of 
sensibility  (  H^uHJe)^  when  any  further  increase  produces  no  appreciable  increase  in  the  Kcnsalion. 
Thus  we  du  not  notice  any  difference  between  the  central  and  peripheral  (orlion  of  the  sun's  disk, 
though  the  difference  of  light  intensity  is  enormous  [Sully).  Between  these  two  is  the  range  of 
senstbility  ( U'unt//).  There  is  always  a  constant  ratio  between  the  strength  of  Ihc  stimulus  and  the 
intensity  of  the  sensation.  The  stronger  the  stimulus  already  applied  llie  stronger  must  be  the 
increase  of  the  stimulus  in  order  to  cause  a  perceptible  increase  of  the  sensation  {lyeber's  Lati>). 
The  necessary  increment  it  proportional  to  the  intensity  of  the  stimulus,  and  it  siiries  for  each  sense 
oi^an.  If  a  weight  of  10  grams  be  placed  in  the  hand,  it  is  found  that  3.3  grams  must  be  added 
or  removed  before  a  difference  in  the  sensation  is  perceptible  ;  if  icx)  grams  are  held,  33.3  grams 
must  be  added  or  removed  to  obtain  a  perceptible  difference  in  the  sensation.  The  magnitude  of 
the  fraction  mdicating  the  increment  nf  stimulus  necessar)-  to  obtain  a  perceptible  difference  of  the 
sensation  is  spolcen  of  as  the  {instant  proportion  or  the  diiiriminntivf  sersibility.  In  the  above 
case  it  is  1  : 3.     The  fallowing  table  gives  approximately  the  constant  proportion  lor  each  sense  : — 


Tactile  Sensation ^  '  Z'  % 

Thcrmol 1:3.^ 

Auditory 1:3.^ 


Muscular  Sensation   . 
Visual 


:;!; 


The  term  after  sensation  is  applied  to  the  following  phenomenon,  viz.,  that, 
as  a  rule,  the  sensation  lasts  longer  than  the  stimulus  producing  it ;  thus  there  is 
an  after  sensation  after  pressure  is  applied  to  the  skin.  Subjective  sensations 
occur  when  stimuli  due  to  internal  somatic  causes  excite  the  nervous  apparatus  of 
the  sense  organ.  The  highest  degrees  of  these,  depending  mostly  upon  patho- 
logical stimulation  of  the  psycho-sensorial  cortical  centres,  are  characterized  as 
hallucinations,  f.^^,  when  a  delirious  person  imagines  he  sees  figures  or  hears 
sounds  which  have  no  objective  reality.  In  opposition  to  this  condition  the  terra 
illusion  is  applied  to  modifications  by  the  sensorium  of  sensations  actually  caused 
by  external  objects,  e.g.t  when  the  rolling  of  a  wagon  is  mistaken  for  thunder. 

In  a  new-born  child  the  sense  of  touch  is  strongly  developed,  pain  slightly,  muscular  sensations 
are  undoubtedly  present,  while  smell  and  taste  are  fretiuently  confounded.  Auditory  stimuli  are 
beard  from  the  second  day  onward,  the  stimulus  of  light  immediately  after  binh,  hut  a  peripheral  6eld 
of  vision  docs  not  yet  exist  {^Cuignet).  Toward  the  fuurth  to  fifth  week  the  movements  of  conver- 
gence and  accommodation  are  noticeable,  %vhile  after  four  months  colors  are  distinguished.  The 
various  stimuli  are  not  perceived  simultaneously — a  reBex  inhibitory  centre  is  not  yet  developed 
(  Gensmer). 


THE  VISUAL  AITARATUS-THE  EYE. 


384,  ANATOMICO-HISTOLOGICAL  OBSERVATIONS.— In  ibe 

following  remarks  il  is  assumed  that  the  student  is  familiar  with  the  anatomiciJ 
structure  of  the  eye :  — 

The  cornea,  for  the  sake  of  simplicity,  is  re^rdeil  as  unifomily  jtpherical.  allhouf^h.  proprtW 
speaking,  it  differs  slightly  rroni  ihh  form.  It  is  more  like  a  v^rtieaJ  wdion  of  a  •omewhal  cUiqae 
eUi)»oid,  wliich  we  mun  suppme  to  be  f^^rmeil  by  rotating  ao  ellipse  around  lis  long  axis  iSrUUt\. 
It  is  nearly  of  uniform  thickness  throughout,  only  in  the  infant  tt  ts  slightly  thicker  in  (he  ccotnt, 
and  in  the  a<luU  slightly  thinner.     The  cornea  consists  of  the  following  layers ; — 

[1.  Anterior  »iraii6cd  epilhelium.  4.   Posterior  clastic  laminft.  _ 

2.  Anterior  elastic  lamina.  5.  Single  layer  of  epithelium.] 

3.  Substantia  propria.  ' 

I.  The  anterior  epithelium,  stratified  and  nucleated  (Fig.  449,  a)^  oonsiao  of  ntany  laycn 


Fig.  447- 


Fti;.  448- 


H 


Fic.  447.— ComcB  of  ihe  froi;  trcjited  with  chluridr  of  gold,  vhiirinij  iltv 
fitirilft.  Flo.  448. — <Jomc«  of  the  fn>s  ircatcil  wiili  (iUcr  nitnilc ; 
4jwc«t  for  ib«  comeml  corputdas  are  tdh  iimuined 


cells.  The  deepest  cells  are  more  or  less  columnar,  are  arranged  side  by  side,  »nd  arc  called  tap- 
porting  cells.  The  cells  of  the  middle  layers  are  more  arched,  and  dip  with  tinger  shaped  procciaci 
into  corresponding  spices  between  thetr  neighbor*.  The  most  superficial  cells  are  tiat,  pcrfcalj 
smooth,  hard,  keratin  containing  squamous  epithelium,  a.  The  epithelial  layer  reals  upoo  lb< 
anterior  elaatic  membrane  (Bowman's  elastic  lamina),  a  fttruciurclc^K,  clear  tusemerit-liVc  awa* 
branc  {(>),  whose  existence  is  denied  by  BrUcke.  3.  The  aubtlanlia  propria  fif  the  cornea 
of  (chondrin-yicldiiig)  fibres  ijohannts  MUl/rr,  KoiUtt)  composed  o(  delicate  (itinU  <»f  c*> 
llasne.  1'hc  fibres  are  arranged  in  mailike,  thin  Inmrllx  (/),  more  or  less  united  tngnher.  and  ui 
placed  in  layers  over  each  other.  Toward  the  anterior  elastic  lamina  the  libtes  t>cnil  ruund  and  t^- 
forate  the  superficial  laniellE,  thus  serving  as  supporting  hhres.  [Tbe»e  perfoniling  hlur*  are  C'>io 
parable  to  Sharpey's  fibres  in  boiK.j  Ikiwecn  the  lamell;^  arc  a  series  of  intercommunicating 
spaces  lined  by  endothelium.  These  spaces  are  really  lymph  apace*,  and  they  communicate  «nh 
the  lymphatics  of  the  conjunctiva.  The  (ixed  corneal  corpaaclea  ye)  lie  in  Ihev  spaces,  and  u% 
provided  with  numerous  processes,  which  anastomoie  w  iih  the  proccues  of  corpuscles  lying  betweeo 
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(he  lamcn:e  above  and  below  them,  and  on  either  side  of  them.  Kilhne  observed  that  stimulation 
of  the  corneal  nerves  was  foIIoHTCil  hy  contmction  of  these  cells  (J}  201,7);  while  KUhne  and  Wal- 
deyer  maintain  that  they  ore  connected  with  the  corneal  nerve  libriU. 

[The  corneal  corpuscles  are  looked  upon  as  tuanched  connective-tissue  corpuscles  lying  in  and 
not  qQtle  filling  the  branched  spaces  between  the  L-imellie.  The  processes  anastomose  freely  with 
similar  cells  in  the  same  plane,  and  to  a  less  extent  nith  the  processes  of  cells  in  planes  imme>iialely 
above  and  below  Ihem.  In  a  section  stained  with  gold  chloride  Ihey  present  the  appearance  seen 
in  Kig.  447.  In  a  vertical  section  of  the  cornea  ihry  appear  fuMform  {Fig.  44*))  and  parallel  xo  the 
free  surface  of  the  cornea.  If  the  cornea  of  a  frf^  be  |>encined  with  silver  niirait;,  the  cement  sub- 
stance between  the  lamellce  is  blackened,  and  the  branched  ceH  spacer  remain  clear,  a»  in  Fig.  448. 
']'he  one  hgure  represents,  as  it  were,  the  positive,  and  the  other  tlie  negative  im.ige.] 

Fig.  449. 
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Antero-poiterior  KCtlon  «t  the  Juection  of  the  eomea  with  the  icleroilc.     a,  interior conuat,  or  conjunctival  epiihc- 

1  lUn ;  ^,  Bowman's  Umtna,  c,  corneal  corpu«cI»  lyin^  in  the  juice  caruih  .  /,  cnnieal  UnivUoc  (iSe  whole 
thickoCM  lyioK  between  5  xnd  d  i*  the  subsUDtia  propria  comeacf  :  d.  DMCeine('»  membrane  ;  /,  epithelium  cov- 
ering It ;  /;  junction  o(  cornea  with  the  idcruilc  :  g.  linibiu  canJunctivK  ;  *,  tonjuncttv;! ;  1,  tauJ  of  Sclitecnm ; 
4,  Leber  ■  venous  plexus  (m  regard«d  by  Leber  an  belonging  ic  i);  m,  m,  inevhcs  in  the  tlt^ue  uf  ihe  iiK.  iridb 
pccttnatum  :  m,  atLachmeni  oi  the  in>  :  o.  lungitudinal ;  /  circular  (divlrlcd  trjn«vcr«eiy  1  liunillc«  of  ftbre*  ol  the 
sclerotic  :  f,  pcrichoruida)  ipace .  /.  meriiUonal  (radiating] ;  /,  equatorial  (i-irculai)  biuidteit  of  the  ciliary  intuelc; 
m,  tmnivcne  seciion  of  a  ciliary  artery  :  v,  eptthetium  of  the  tria  (a  continti-tlion  ot  that  on  the  poilerior  Burface 
of  the  coTTKa) :  tv,  tubstance  of  the  iria  :  jr.  pigment  of  ihe  irlt ;  1,  a  ciliary  proce««. 


[Bowmsn's  tubes  arc  artificial  productions,  formed  by  forcing  air  or  a  colored  fluid  belwecn 
the  laroellx»  when  il  passes  between  ihc  handles  of  fibrils,  forming  a  >^crics  of  tubes  with  ililotations 
on  them  and  running  at  right  angles  to  one  another  between  the  laniellic.] 

According  10  v.  RecklinghauMn,  leucocytes  also  pass  into  these  Ivmpn  spaces  or  jaice  canals. 
The  importance  of  these  leucocyte-*  in  irilammaliori  is  referred  to  in  ^  200.  4.  The  transparent 
structureless  poBterlor  elastic  membrane  ((/],  the  membrane  of  Descemci  or  Demours.  is  in  many 
aniromls  fibrillated,  and  shows  evidence  of  itratilicaiion,  white  toward  the  margin  of  ihc  cornea 
there  arc  occasionally  slight  conical  elevations.  This  membrane  is  very  tough  and  very  rcst-tant  (of 
great  importance  in  inflammation),  If  it  he  removed,  it  rolls  up  toward  the  cor.vex  stc^e  At  its 
periphery  it  Iwcomes  continuous  with  the  fibro-elasiic  reticulated   liganientum   peciinaiuin  iridla. 
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wbofc  trabcculse  are  crrvcred  by  qjithclium.  3.  The  posterior  single  layer  of  epithelitim 
of  flat,  delicate  nucleated  cells  (/).  which  are  continued  from  the  margin  of  the  cornea  on  tot&c 
anterior  surface  of  the  iri&  {v).  Fine  juice  canals  ext»l  in  the  spaces  between  the  iadiridual  oeUi 
{v.  KeeiliM^httusen).  These  tipaccs  cominunicaie  with  a  system  of  fine  tubes  under  the  epitfactiua, 
perforate  DcftCemet's  membrane,  and  thus  cuuimunicaie  with  the  corneal  spaces  {Prriss). 

Fig.  450. 


3^ 


I* 

VcrliCBl  tecllon  of  the  come.i  •i;<iii(-<i  wtih  -^oM  chlorul«.     m,  v 
h,  mlcr-epithelioi  IcrmiBaiion  tA  fibiiu , 


tvtt  fibtfU ;  A,  perfbntinc  bmnch ;  r. 
a,  «ntei  iur  cLuuc  luaiiu. 


The  nerves  uf  the  cornea,  which  are  derived  from  the  long  and  short  ciliary  ner\*es  ((  j47)i  ne 
partly  sensory  in  function.  They  enter  the  cornea  at  its  margin  as  mcdullaied  Bbres,  bat  the  Dfclii 
soon  di&ap{>cars.  while  the  axial  cylindcrt  split  up  into  filirils.  [The  axial  cylindcn  branch  and  fi<ra 
a  plexus  between  the  lamellx.  especially  near  the  anterior  surface,  the  fundamental  or  (round 
plexus  (Kig,  450,  n|.  There  are  triangular  nuclei  at  the  nodal  points,  but  ihey  probaNy  belong  to 
the  sheath  of  flattened  cells  which  cover  the  larger  branches.     There  is  b  Aner  and  denter  )ilc>iu 


Fig.  45« 


N«rvt  ptcxua  in  cgraca  oAor  gold  chloride    m. 

of  fibrils  immediately  under  the  anterior  epithelium,  subepithelial  plexus  (Fi^.  451),  vhidiil 
derived  from  the  fitrmer,  the  6bril.i  arising  in  pencils  or  groups.     Some  5bnls  perforate  Ilic 
elastic  lamina,  rami  perforantes,  and  pass  between  the  anterior  epithelial  cells  to  form  (kc 
epithelial  network  (Kig.  450, 1^./).     irome  observers  supi>ose  that  they  terminate  in  free, 
or  bulbous  ends.     There  is  also  a  fine  plexus  of  6briU  in  the  posterior  layers  <if  the 
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:emet'f  membrane.  It  gives  off  numerous  fine  fibrils,  which  come  into  ultimate,  if  not  direct^ 
anatomical  relation  with  the  corneal  corpuscles.  The  trophic  fibres  of  the  cornea  {\  347)  are,  per- 
haps, thuflc  deeper  tiranches  which  are  connected  with  the  corneal  corpuscles.] 

[  Mctbod. — These  fibrils  are  best  revealed  l>y  staining  n  cornea  with  chloride  of  gold,  which  stains 
them  of  a  purplish  tinge  after  exposure  10  light  iCohHheim).\ 

Blood  Vessels  occur  only  in  the  outer  margin  of  the  cornea  (Kig.  452,  v),  and  extend  3  mro, 
over  the  cornea  above,  1.5  mm.  below,  and  t  mra.  laterally— the  most  external  capillaries  form 
arched  loops,  and  thus  turn  on  themselves.  The  cornea  is  nourished  from  the  blood  vcs&cls  in  its 
marj;iii.     Opacities  of  the  cornea  give  rise  to  many  fonns  of  vimal  defects. 

The  sclerotic  is  a  Ihick  filmius  membrane,  composed  of./,  circular  (c<)ualoriaI)  and,  «,  longi. 
tudinal  Imcrldion.ill  bundles  of  connective  tissue  woven  together.  The  spaces  between  the  bundles 
contain  colorless  and  pigmented  connective-tissue  corpuscles  (  WaUtyer)^  and  also  leucocytes.  It 
is    thickest  posteriorly,  thinner  at   the   equator, 


Fig.  452. 


while  in  frontof  this  it  again  liccomes  thicker,  ow 
ing  10  the  insenion  of  the  tendons  of  the  straight 
muscles  of  the  eyeball.  It  contains  few  bloixl  ves- 
sels, which  fonn  a  wide-mcshcd  capillary  plexus 
immediately  under  its  deep  surface.  Other  vessels 
form  an  arterial  ring  around  the  entrance  of  the 
optic  nerve.  It  rarely  is  'juitc  spherical ;  it 
rather  resemble«i  an  ellipsoid,  which  we  might 
imagine  to  I«  formed  by  ihe  rotation  of  an 
ellipsearoundiL<>shortaxis(short  eyes)  or  around 
its  long  axis  (long  eyes).  Above  and  below  the 
sclerotic  overK-ips  like  a  fold  the  clear  margin  of 
the  cornea;  hence,  when  the  cornea  is  viewed 
from  before  it  appears  transversely  elliptical, 
when  seen  from  behind  it  appears  circular.  Fol- 
lowing the  margin  of  the  cornea,  but  lying  still 
within  ihe  substance  of  the  sclerotic,  is  the  circu- 
lar canal  of  Schlemnn,  1,  which  communicates 
with  other  anastomosing  veins,  the  venus  plexus 
of  Leber,  k,  Schwalbe  and  Waldeyer  regarded 
Schlemm's  canal  as  a  lymphatic.  J'osicriorly, 
tlie  sclerotic  becomes  continuous  with  the  fibrous 
Covering  of  the  uptic  tierve  derived  from  the  dura 
mater.  The  sclerotic  is  provided  with  nerves, 
which  are  said  to  terminate  in  the  cells  of  the 
scleral  substance  [Neljrnchy  Xonigstein). 

The  tunica  uvea,  or  the  uveal  tract,  is  com 
posed  of  the  choroid,  the  ciliary  part  of  the  cho- 
roid, and  the  iris. 

The  choroid  is  com{>osed  of  the  following 
layers;  (i|  .N!ust  internally  is  the  transparent 
limiting  membrane,  0.7  ft  in  thickness,  but  it 
is  slightly  thicker  anteriorly.  (2)  The  very 
vascular  capillary  network  of  the  chorio-capil. 
laris,  or  membrane  uf  Ruysch,  embedded  in  a 
homogeneous  layer.     Then  follows-(3)  a  layer  ^-^^^^  „f  ,).«  blood  v«««u  of  ihe  eye  {l^h^)  thori 
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IaI  view-,  vetm  black,  arteriea  U^ht,  writb  a  double  con- 
Luut).  a,  a,  short  p<>4lenor  ^ilury ;  ^,  king  (3'i«leriof 
ciliury;  c,^,  ;\n(erlur  cllbiry  artery  and  vein;  4i,  ^, 
irtety  and  veiiiortbe  conjunctiva;  t,  r',  central  artery 
an«l  vein  of  retiuA  ,*y,  bloixl  veftteU  at  (be  inner,  and  f, 
ufttie  miter  optic  *heatb  ;  h,  vorticoicrein  *  1,  posterior 
ihorl  ciliary  veil)  coufintd  to  the  ftckrotic;  k.  bran(.h  of 
the  posterior  iihort  ciliary  anery  tu  the  optic  nerve;  /, 
anastomoiU  of  the  choroidal  vci.«cU  witli  thfnc  of  the 
optic:  M,  chorlo-capiUaris  :  n,  epuderal  br.\iKhe«;  «, 


irii  (tntnsver*e  lection) ;  e,  bluod  vesfcU  of  the  irU ; 


of  a  thick  elastic  network,  covered  on  both  sur 
faces  by  endothelium  {SaiiUr).  (4)  The  cho- 
roid proper  consists  of  a  layer  with  pigmcTited 
connectivC'tissue  corpuscles,  together  with  a 
thick  elastic  network,  containing  the  numerous 
venous  ve-viels  as  well  as  the  arteries.  The  pig- 
mented layers,  called  the  supracboroidea,  or 
lamina  fusca,  which  surrounds  the  large  lym- 
phatic space  lined  with  cndotbcJiuin,  and  called 
the  perichoroidal  s[>ace,  y.  In  new  born  in- 
fants, which,  accordmg  to  Anstolle,  have  the 
iris  dark-blue,  the  uveal  tissue  is  devoid  of  iiig- 
ment ;  in  brunettes  it  is  developed  later,  ami  in 
blondes  not  at  all. 

In  the  ciliary  part  of  the  choroid  the  pigmented  connective -tissue  corpuscles  are  not  so  numerous. 
The  ciliary  muscle  (tensor  choroidex,  or  muscle  of  accommodation)  is  placed  in  this  region.  It 
arises,  1,  by  means  of  a  branched,  reticulated,  connective  tissue  origin,  from  the  inner  side  of  the 
junction  of  the  cornea  and  sclerotic,  near  the  canal  of  Schlemm,  and  passes  backward  to  be  inserted 
48 


recurrent  choroidal  artery  ;  /,  sreat  circubr  artery  of 

a,  bVoo  " 
r,  ciliary  process  ;  *.  branch  of  a  vorticose  vein  from 


the  ciliary  muscle;  /.  branch  of  the  onteilor  ciliary 
vein  to  Ihe  ciliary  mutcic  ■  h,  circular  vein  ,  i-,  tnargio- 
al  loops  of  vcfttcb  on  the  cornea ;  ti<,  anterior  artery 
and  vein  of  tbcconjunciinL. 
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into  the  choroid.     This  constitutes  the  radiatinsf  fibres.     Other  fibre*  l^Inc  inlenul  to  th> 
arranged  circularly,/, in  bundles  in  the  ciliaiy  ranrgin.    These  circular  hbre&  are  Mimetimrik  tatkM 
Ilcinricb  Mitller's  muscle.     The  mosclc  cuiisiMs  of  smooth  muscular  6brcj;  and  is  kU|>plicd  t^  1 
oculomoloriiis  (j  345,  3). 

The  iris  consists  of  the  following  parts  from  before  backward:  a  layer  of  epithelial  ccna|«| 
continuous  with  those  covering  ihe  posterior  surface  of  the  cornea,  a  layer  of  reticulated  r 00 ■■Com 
tissue,  the  layer  of  blood  vessels,  and,  lastly,  a  posterior  limiting  membrane,  which  coouint  iW 
pigmentary  cpilhelium  {x),  {AfifAr/].     In  brunctlcs.  the  texture  of  the  iris  contains  pigmcated 
nective  tissue  corpuscles.     The  iris  contains  two  muscles  composed  of  soiooih  muscular  |ilne»— one 
set  constituting  the  sphincter  pupills  (circular,  Fig.  467),  which  surrounds  the  pupil,  and  Iks 
nearer  ihc  posterior  than  the  Anterior  surface  of  the  iris(^  39^)-     1'^  nerve  uf  supply  is  denied  Ckibi 
the  oculomotorius  (J|  345,  3).     The  other  fibres  constitute  the  dilator  pupilla  (radiaiind,  whkh 
consists  of  a  thinner  layer  of  fibres  arranged  in  a  radiate  manner.     Some  of  the  fibres  reach  to  li.e 
margin  of  the  pupil,  while  others  bend  into  the  sphincter.     At  the  outer  margin  of  the  ins  the  radul 
bundles  arc  arranged  in  anastomosing  arches,  and  form  a  circular  muscular  layer  (.U^rtf/).     The 
chief  nerve  of  supply  for  the  dilator  fibres  is  the  sympalhclic  (J  347,  3I.     Ganglia  occur  in  the 
ciliary  nerves  in  the  choroid  [and  they  are  found,  also,  in  tlie  Iris].     Getlach  has  recently  ippliad 
the  term  lif;amrntMfH  annhlarf  bnlbi  to  that  complex  hbrous  arrangement  which  surrounds  the  uK 
and  at  ihc  same  lime  forms  the  point  of  union  of  the  ciliary  budy,  iris,  ciliary  muscle,  sinus  vnuMn 
indis,  and  the  line  of  junction  of  the  cornea  and  sclerotic. 

The  choroidal  vesaeU  arc  of  great  impoiiance  in  connection  with  the  nutrition  of  the  ere. 
According  to  l-eber,  they  are  arranged  as  toliows:  The  artcriee  >re — i.  The  ahort  poaicnor 
ciliary  (He-  453.  a,  a),  which  arc  aliout  twenty  m  number  and  perforate  the  selenitic  near  tk 
optic  nerve.     They  terminate  in  the  vascular  network  of  the  chorio-capillans  (wl,  ^hich 
as  far  ns  the  ora-serrata.     a.  'I'he  long  posterior  ciliary,  one  IIca  on  the  nasal  and   the  <•< 
the  temporal  aide,  and  they  run  [6)  to  the  ciliary  part  of  the  choroid,  where  they  divide  d 
mously,  and  penetrate  into  the  iris,  where  they  help  to  form  the  circulus  anenosus  iridis  major  |/|. 
3.  The  anterior  ciliary  {c},  which  arise  from  the  muscular  branches,  perforate  the  sclerotic  aatt- 
riorly,  and  give  branches  to  the  ciliary  part  of  the  choroid  and  to  the  ini.     About  twclre  bcaadM 
run  backward  (o)  Irom  them  to  the  chnno-capillaris. 

The  Veins.— I.  The  anterior  ciliary  veins  {c)  ncelvc  the  blood  from  the  anterior  pan  of  tk 
uvea  and  carry  tt  outward.  Htese  liranches  are  connected  with  Schlemm's  canal  and  Lcbef*! 
venous  plexus.  They  tlo  not  receive  any  blood  from  ihe  iris.  a.  The  vtnous  pleaut  of  tk 
ciliaiy  processes  (r)  receives  the  blood  from  the  iris  171,  and  parses  backward  to  the  choroidal  vciHi 
3.  The  large  vasa  vorticoaa  Sienonis  {A]  perforate  the  scltroiic  behind  the  eijualor  of  the  ballx 

The  inner  margin  ol  the  iris  rests  upon  the  anterior  surface  of  the  lens;  the  posterior  chambrrii 
small  in  adults,  and  in  the  ncwtiorn  child  it  may  be  said  scarcely  to  exM.  it  is  so  small.  Wha 
Berlin  blue  It  injected  into  the  anterior  chamber  uf  the  eye,  it  generally  passes  into  the  anicnof 
ciliary  veins  (&/tzva/b^).  Even  in  living  animals  carmin  also  bebaves  in  a  similar  manner  {//tit^ 
rath),  so  that  these  observers  conclude  that  there  is  a  dirffi  communication  l>etwccn  the  vctas  aad 
the  aqueous  chamticr,  as  these  substances  do  not  diffuse  through  membranes. 

Internal  to  the  choroid  lies  the  single  layer  of  hexagonal  cells  (0.0135  ^^  °'^'  mm.  la  breadAI 
filled  with  crystalline  pigment.  This  layer  really  belongs  tu  tlic  retina.  It  consist*  of  a  tingle  hfrt 
of  cells  as  far  as  the  ora-serrata— it  is  continued  on  to  the  ciliary  processes  and  the  posterior  Mirfitt 
uf  the  iris  (Fig.  449,  s),  where  it  forms  several  layers.  In  albinos  it  is  devoid  of  jngaenti  «a  ibt 
other  hand,  the  uppermost  cells,  which  lie  ou  the  ridges  of  Ihc  ciliary  processes,  arc  always  detfaA 
of  pigment.  [The  processes  of  these  cells  vary  in  leag;tb  with  the  ruiiure  and  kind  of  lighl  actiag 
on  the  retina  1^  39^}-] 

The  retina  externally  is  in  contact  with  the  layer  of  hexagonal  pigment  cells  {Pi),  which  iaia 
developmeni  and  funcaons  really  belongs  to  the  retina.  The  cells  are  not  6ai,  hut  ibey  lend  p^- 
mented  processes  into  the  spaces  between  the  ends  of  the  rods.  In  some  animals  (rabbtl)  the  cetb 
contain  fiitty  granules  end  other  substaaccs.  The  cells  are  larger  and  darker  at  the  ara-aentfa 
{^JCtihne).     The  retina  is  composed  of  the  following  layers  proceeding  from  without  inward;— 

[i.  Layer  of  pigment  cells.  6.  Inner  nuclear  layer. 


2.  Rods  and  cuncs. 

3.  ExKtMal  Itmilin^  membrane, 

4.  Outer  nuclear  layer. 

5.  Outer  molecular  (granular  or  inter- 

nuclcarj  layer. 


7.  Inner  mulecular  (granular)  layer. 

8.  Layer  of  nerve  cells  (ganglionic) 

layer. 

9.  Layer  of  nerve  I'ibres. 

10,  Intemai  limiimg  membrame.'\ 


I,  The  heiagonal  pie^ent  cells  already  described.    2.  The  layer  of  rods  and  cones  {St\ 

or  He uro- epithelium  of  SchM-altje  [^tfiiciffury  loyer,  or  the  visual  eetit,  or  visual  rfiihtlium  o(  Kibac] 
\  Fig.  454).  '1  hcsc  lie  externally  next  the  cbi>n>id,  but  they  arc  al»cnt  it  the  entrance  of  the  oflii 
nerve,  'then  follows  the  external  limiting  memhrane  {/^),  which  is  perforated  by  the  basaof 
Ihe  rods  and  cones.  3.  The  external  nuclear  /nyer  (tJuA'),  which  with  all  the  succeeding  lifM 
are  called  "  brain  layers  "  by  Schwaldc.  4.  The  external  granular  (Jm^)*  or  imemuclcaff  mjm, 
which  is  perforated  by  the  fibres  which  proceed  iiiwsid  fioni  the  nuclei  of  3  {MtrM)  to  rtaoi  S» 
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le  nnclei  of  the  internal  nuclear  layer  {infC),  The  nuclei  of  ihis  layer,  which  are  connected 
by  fibres  with  ihe  rods  and  cones,  are  marked  by  transverse  lines  in  the  macula  lulca  \JCraust, 
Deniisenko).  6.  The  Bnely  grnnului  internal  granular  layer  (in ^tj,  through  vrliich  the  fibres 
proceeding  from  the  inner  nuclear  layer  cannot  be  traced.  It  wouKI  seem  as  if  these  tibres  break 
up  into  the  finest  fibrils,  into  which,  also,  the  branched  processes  of  ibe  ganglionic  cells  of  7,  the 
ganglionic  layer,  extend.  According  to  v.  Vinlschgau,  the  prucesses  of  ihe  ganglionic  cells  are 
connected  with  the  fibres.  S.  The  next,  or  fibrous  layer,  consists  of  the  fibres  of  the  optic  nerv* 
(0),and  most  internally  is  ihc  internal  liiniting  membrane  (  Li).  According  to  W.  Krause,  there 
are  4CX}.ooo  bruad,  and  as  many  oanow,  ofiiic  fibres,  so  that  for  every  fibre  there  arc  7  cmies,  ahom 
100  rods,  and  7  pigment  cells.  The  optic  fibres  are  absent  from  the  macula  lutea,  where,  however, 
there  arc  numerous  ganglionic  cells.  Between  the  two  homogeneous  limiting  mcmlnancs  (j^^and 
Zi)  lies  the  connective-tissue  aubstance  of  the  retina.     It  contains  tlie  peiforatiug  Bbrrs,  or 
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Fig.  4S3' — Vertical  section  of  human  retina,     a,  ri>ilt  and  coq»  ;  h,  tml,  aauij,  int.  limit,  inenib. ;  e.  txt.  and  f.  int 
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aud.  laycn;  r,  est  and^,  iiil.  Kraii.  l.tyers  :   A,  IiIockI  voU'cI  and 
ot  the  rtiin*.     Pi,  hcxAH        '  


cell 


(',  nerve  ftbie».     Fic.  4^4  — Laycn 


y< 

lAKoiul  pijimeiit  cclU :  .U,  r<rd:«4ibd  cunn;  ^,  eNLtimitins  membrane;  «w.  A*,  cxt.  nuclear 
layvr;  amgr,  cxt  granular  layer;  imJC,  int.  nticlear  ;  im.ef.  Int  grumilar;  {^jf/,  ganglionic  nerve  cell* :  9,  fibmel 
optic  ncp'e,  /.(.iDLlimlt.  membrane;  /iTA,  fibm  uf  M [Uler ;  A*,  iiuclet :  ^,  ipacei  for  the  nervoui  elemenu. 


MdUer's  fibres,  which  nin  in  a  radiate  manner  between  the  two  membranes  and  hold  the  various 
layers  of  the  retina  together.  They  begin  by  a  wing-shaped  expansion  at  the  internal  liraiimg 
membrane  (/'-tt,  and  in  ihcir  course  outward  contain  nuclei  {/t).  They  arc  absent  at  the  yellow 
spot.  The  supporting  tissue  forms  a  network  in  all  the  layers,  holes  bemg  left  for  the  nervous 
portions  {S^).  The  inner  segmen'j  of  the  rods  and  conett  are  also  surrounded  by  a  suitenlacalar 
substance.  A$  the  retina  passes  forward  to  the  ora  scrrala  it  becomes  thinner  and  thinner,  gradually 
becoming  richer  in  connective-tissue  elements  and  poorer  in  nerve  elements,  until,  in  the  ciliary 
part,  otily  the  cylindrical  «-ell5  remain  (  Fig.  453). 

[Macula  L.utea  and  Fovea  Centralis. — There  are  no  rods  in  the  fovea,  while  Ihe  cones  arc 
longer  and  narrower  than  in  the  other  [larts  of  the  retina  fFig.  455).  The  other  layers,  also,  are 
thinner,  especially  at  the  macula  lutea.  but  they  become  thicker  toward  the  margins  of  the  fovea. 
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where  ihe  ganglionic  layer  conftiMs  of  several  rows  of  bipolir  mIU.     The  yellow  tini  u  due  lo 
pigment  lyin^  bciwctn  ihc  layers  composing  Ihe  yellow  spot.] 

The  blood  vessels  of  the  retina  lie  in  the  inner  layers  near  the  inner  i;ranular  layer.  Only  mv 
the  entrance  of  the  optic  nerve  are  they  connected  by  fine  branches  with  the  choroidal  veucli ;  ihcj 
are  lurruuDded  by  )x:rivascular  lymph  spaces.  The  greatest  number  of  capillaries  runk  m  tli:  laytn 
external  tu  the  inner  granular  layer  (//asf,  //is).  The  fovea  centralis  is  devoid  uf  bjnod  irv«di 
{^NeltUthip,  fiecker).  Except  in  mammaU,  ihe  eel  {Dmiisfniio),  and  M>me  tonoiscs  (//.  M6lUr\, 
the  retina  receives  no  blood  vessels.     Destruction  of  the  retina  ih  followed  by  blindness. 

[Retinal  EpitheUum. — The  single  layer  of  pit^nieiitnry  cells  containing  granules  of  aclmii 
sendft  procesMS  downward,  like  the  hairs  of  a  brush,  betwe  n  the  rods  and  cones.  KOhac  hn 
shown  that  the  Daturc  and  amount  of  light  influencei  the  cundition  of  these  processes  (Fig-  497). 
The  protoplasm  of  these  cells  in  a  frog  kept  for  several  hours  in  the  dark  is  retracted,  anil  toe  pjg' 
ment  granules  lie  cbicHy  in  the  body  of  the  cell  .and  in  the  processes  near  the  cell.  In  a  frag  kc^ 
in  bright  diylight,  the  processes  luaded  with  pigment  penetrate  downward  between  (he  ro£  nd 
cones  as  far  as  the  external  limiting  membrane.] 

Each  rod  and  cone  consists  of  an  outer  and  an  inner  segment.  During  life  the  outci  segBMM 
contains  a  reddish  pijiment  or  the  visual  purple  {/ioU), 

Visual  purple  [ur  rbodopsin]  may  be  preserved  hy  keeping  the  eye  in  darkness,  bnt  it  tstooa 
bleached  by  daylight,  while  it  is  again  rc-stored  when  the  eye  is  placed  in  darkness.  It  can  be 
extracted  from  the  retina  by  means  of  a  2.5  per  cent,  solution  of  the  bile  actdi,  especially  fmi 
eyes  that  have  been  kept  in  10  per  cent,  solution  of  common  salt  [Ayrfj).  The  rods  are  0A( 
to  0.06  rottt.  high   and  0.0016   to   0.0018   mm.  broad,  and   exhibit   fongitudinal   s:riAtion,  pro* 
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duced  by  the  presence  of  fine  grooves ;  a  fine  fibril  runs  in  their  interior  (/?i/frr).  The  «x1tn*l 
Kgment  occasionally  cleaves  transversely  into  a  number  of  fine  transparent  disks.  [It  ii  s  <en 
resistant  structure. and  in  this  respect  resembles  neurokeratin.]  Krause  found  an  elli^isoidsl  Wy. 
the  "rod  ellipsoid,"  at  the  junction  of  the  inner  and  outer  segments  of  the  rods.  The  coon  ut 
devoid  of  visual  purple,  but  their  outer  segment  is  striated  longitudinally,  and  it  also  readily  titito 
aaoss  into  thin  disks.  Only  cones  are  present  in  the  macula  tutea.  In  the  neighborhood  of  ^ 
yellow  spot  each  cone  u  surrounded  by  a  ring  of  rods.  The  cones  beo>me  less  mtmeiotis  tmnfi 
the  periphery  of  the  retina.  In  nocturnal  animals,  such  as  the  owl  and  bal,  there  are  elllMfJ 
cones  or  imperfect  one«.  The  retln.T  of  birds  contain  many  cones,  that  of  the  tortoise  only 
The  rods  and  cones  rest  on  the  sieve  like  perforated  external  limiting  membrane  (Z/).  Badil 
processes  through  the  membrane,  the  coties  to  the  larger  and  higher  placed  nuclei,  the  rods  I 
nuclei,  with  transverse  markings  in  the  external  nuclear  layer,  [The  cones  are  panicaUriyI 
in  some  fishes.  r.,if.,  the  cod,  while  the  skate  bos  no  cones,  but  only  rods.  The  same  is  the  use  is' 
shark  and  sturgeon,  hedgehog,  bat  and  the  mole.] 

[Distribution  and  Regeneration  of  Rhodopsin. — Keep  a  rabbit  in  the  dark  for  sooe  tlw* 
kill  it,  remove  its  eyeball,  and  examine  its  retina  by  the  ud  of  monochromatic  (sodium^  ligliL  Hw 
retina  wiU  be  purple-red  in  color,  all  except  the  macula  lutca  and  a  small  part  at  the  ora 
The  pigment  is  confined  to  the  ou/er  irgmmis  of  tkt  rodt.  It  is  abiwnt  in  pigeons,  beni  i 
bal,  although  the  last  has  only  rods.  It  is  found  both  in  nocturnal  and  diurnal  animals.  Its  1 
is  quickly  bleached  by  light,  and  it  fades  rapidly  at  a  temperature  of  50°  10  76^  C  ,  whtle  tryti^ 
alum  and  ammonia  do  not  affect  it.  It  is  restored  in  the  retina  by  the  aaion  of  ttie  retinal  qritto- 
litim.     If  the  retinal  epithelium  or  choroid  be  lifled  ofiT  from  an  excised  eye  exposed  to  lig^  At 
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Fig.  456. 


destroyed,  but  if  the  eye  be  placed  In  darkness  and  the  retinal  epitbeliam  replaced,  the 

rewored.] 

listry  of  the  Retina. — The  reaction  of  ihc  reiinn,  when  quite  fresh,  is  add,  and  becomes 
in  darkness.  The  ruds  and  cones  coniain  albumin,  neurokerairin,  nucleln,  and  in  the 
e  the  pigmented  oil  globules,  the  so-called  "  chromophanea."  The  other  layers  contain 
tituents  of  the  gray  matter  of  the  brntn. 

es. — Tliere  is  no  coloring  matter  in  the  outer  segment  of  ihc  cones,  but  in  fishes,  reptiles. 
Is  the  inner  segment  contains  a  globular  colored  tjody  often  red  and  ycllo«f,  ihc  pigment 
Id  in  solution  by  a  fatty  body.  Kuhnc  has  separated  a  green  (cblorophane^,  a  yellow 
fihane).  and  a  red  (rhodophane)  pigment.  They  all  give  a  blue  vnih  iodine  (s^Awa/df), 
bleached  by  light.] 

crystalline  lens  is  enclosed  in  a  trnnspareni  CApsule,  thicker  anteriorly  than  posteriorly,  and 
:red  on  the  inner  surface  of  the  anterior  wall  by  a  layer  of  low  epithelium.  Toward  the 
Df  the  lens,  these  celU  elongate  into  nucleated  fibres 
h},  which  all  bend  round  the  margin  of  the  lens,  and 
sides  of  the  lens  abut  with  their  cmls  against  each  of  the 
!  figures.  The  lens  fibres  contain  globidin  enclosed  in 
f  membrane.  Owing  to  mutual  pressure,  thev  are  hex- 
fhen  seen  in  transverse  sectioti  (Fig.  456,  2),  while  in 
.iroaU,  eiipeciaily  fishes,  their  margins  are  serrated  [the 
fctail  into  each  other].  For  the  sake  of  simplicity,  we 
ird  the  lens  as  a  biconvex  body  with  spherical  surfaces, 
jrior  surface  lieing  more  curved.  As  a  matter  of  fact, 
rior  part  is  part  of  an  ellipsoid  formed  by  rotation  on  its 
is.  The  posterior  surface  resembles  the  section  of  a 
<id,  i.  r.,  we  might  regard  it  as  formed  by  the  rotation  of 
Ja  on  iis  axis  [tirHfJhe).  '1  he  outer  layers  of  the  lens 
I  lefractivc  power  than  the  more  interna]  layers.  The 
ton  of  the  lens  or  nucleus  is,  at  the  same  time,  firmer. 
e  convex  than  the  entire  lens.  The  margin  of  the  lens 
\  separated  from  the  ciliary  processes  by  on  intermediate 


Fltirc»  of  ihe  lent;  »,  lran*wer»c  mc- 
liofU  ol  th«  lens  fibres. 


tnistry. — The  lens  contains  about  two-thirds  of  its 
af  water,  while  its  chief  solid  is  a  globuUn,  called  by 
\  crystallin  (24.6  per  ccat.}.  with  a  little  serum  albu- 
s,  choleaterin,  and  fats.] 

iract. — Sometimes  the  lens  becomes  more  or  less  opaque, 
ily  betjinninji  cither  in  the  middle  or  outer  pans  of  the 
his  ii  generally  due  to  fatty  degeneration  of  the  fibres, 
in  being  deposited.     An  opar4ue  cataradous  condition 

tns  may  be  produced  in  frofjs  by  injecting  a  solution  of  some  salts  or  sut>ar  into  the  lymph 
he  result  is  thai  these  salts  absorb  the  water  from  the  lens,  and  thus  make  it  opaque.  The 
of  diabctrs  is  probably  pro<luccd  from  the  presence  of  grape  sugar  in  the  blood.] 
onule  of  Zinn,  at  the  ora  scrrata,  is  applied  a&  a  folded  memlirane  to  the  cUiary  part  of 
,  so  that  the  ciliary  processes  are  pressed  into  iis  folds,  and  are  united  to  it.  It  passes  to  the 
of  the  lens,  where  it  is  inserted  by  a  series  of  folds  into  the  anterior  part  of  the  capsule  of 
Behind  the  zonule  of  4iinn.  and  reaching  as  far  as  the  vitreous  humor,  is  the  canal  of 
The  zonule  is  a  fibrous,  perforated  membrane  {Srhwaibe,  y/iiant/i/scA).  According  to 
Ihc  canal  uf  Petit  is  enclosed  by  very  fine  fibres,  so  that  it  is  really  not  a  canal  but  a  complex 
icating  system  of  sp.tces  (GfrAirA).  Nevertheless,  the  zonule  represents  a  stretched  mcin- 
aiding  the  lens  in  position,  and  may,  therefore,  be  regarded  as  the  auspenaory  ligament 
ins. 

;y  or  cloudiness  of  the  lens  ("gray  cai.iract)  hinders  the  passage  of  light  into  the  eye.  The 
of  the  leiu  (Aphakia  1,  as  after  operations  for  cataract,  may  be  remedieil  by  a  pair  of  strong 
ipectacles.  Of  course  such  an  eye  does  not  possess  the  power  of  accommodation. 
ritreoQB  humor,  as  far  as  the  ora  scrraia.  is  tniunded  by  the  internal  limiting  membrane  of 
a  {//en/e,  himnoff').  Frutn  here  forward,  lying  between  both,  arc  the  meredional  fibres  of 
le,  which  are  united  with  tlie  surface  of  the  vitreous  an<l  the  ciliary  processes.  A  part  of 
lu  layer  bends  into  the  saucer  shaped  depression,  and  bounds  it.  A  canal,  3  mm.  in  diam- 
I  from  the  optic  papilla  to  the  poslertor  surface  of  the  capsule  of  the  lens;  it  is  called  the 
canal,  and  was  formerly  traversed  by  bload  vessels.  The  peripheral  part  of  the  vitreous 
I  laminated  like  an  onion,  the  mid<lle  la  homogeneous ;  in  the  former,  especially  in  the 
e  round  fmtifunn  or  branched  cclU  of  the  mucous  ti>sue  of  the  vitrcuus,  while  in  the  centre 
I  djsintc];ratcd  remains  of  these  cells  {Iwanoff^v  The  vitreous  contains  a  very  small  per- 
of  solids,  and  1.5  tier  cent  of  mucin  [and  according  to  Picard  there  is  0.5  per  cent,  of 
j  about  .1^  of  !M>dic  chloride]. 

cUire. — The  vitreous  consists  esseotially  of  naucous  tissuet  in  whose  meshes  lies  a  vei^ 
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WAtery  fluid,  containing  ihe  organic  and  inorgflnic  bodies  in  solution.  Acccsrding  to  Vounan,! 
iriticous  conioina  two  types  of  cells — (i)  amceboid  cells  of  various  shape*  anij  siics.  Thry  be  on 
Ihe  inner  wiriace  of  the  lining;  hyaloid  meml»rane  and  the  other  merabranes  in  the  coitex  of  the 
vitreous;  (2)  large  branching  niultiimtar  cells.  The  vitrcoas  is  permcaterl  by  a  large  numttool 
transparent,  clear,  liomogrncous  hyaloid  membranes,  which  are  &<>  tlispofted  as  to  uitc  riic  to  a 
concentric  laminaiiun.  The  canal  of  Stilling  represents  in  ihe  aduli  the  sitoatton  of  the  hyaloirl 
artery  of  the  frvtas.  It  can  readily  be  injected  by  a  colored  fluid.  In  preparations  of  the  vtinoua. 
Younan  finds  fibres  not  unlike  elastic  fibres,  and  other  fibres  more  especially  after  stainiai;  willt 
chloride  of  gold] 

The  Ijrmpbatics  of  the  eye  consist  of  an  anterior  and  a  posterior  set  {SrAwa/tr).  llie  Knterior 
consist  of  the  anterior  and  i^tostcrior  chaintKrrs  of  the  eye  (aqueous),  which  Cominunicale  with  the 
lymphatics  of  the  iris,  ciliary  processes,  cornea,  and  conjunctiva.  The  posterior  consul  of  tb« 
perichoroidal  space  between  the  sclerotic  and  the  choroid  (StAwa/ie),  This  space  is  cannecicd  bf 
means  of  Ihe  perivascular  lymphatics  around  the  trunks  of  the  vasa  vorticoM,  wtih  the  large  Ijrmpfa 
space  of  Tenon,  which  lies  between  the  sclerotic  and  Tenon's  capsule  iScAwa/^t)  rostenorly  this 
is  continued  into  a  lymph  channel,  which  invests  the  surface  of  the  optic  nerve;  while  antrriody  d 
communicates  directly  with  the  sub  conjunctival  lymph  spaces  of  the  eyeball  [Gfr/o^M).    The  optic 

Fig.  457. 


^TTZ^^- 


BoflMlitol  aeciion  of  the  entrance  of  the  t>pik  nerw  anii  ihc  cimu  uf  the  ty*.  •■ 
r,  cfaoro'id  ;  d.  tckroiic  :  t,  phyaiologiul  cup  ;  /,  central  tirury  u(  retliu  in  .1 ' 
k,  Iwtnirui  cnl>roui ;  /,  outer  (dur^l)  ihcAth  .  m,  ouier  (tubduml)  ip-ice;  «.  1:1  r.a^Mk 

(araduwid)  ihcAih :/,  inner  (plal)  thcAtli :  /,  tKimlle*  of  nerve  fibre* :  il,  tm;^ .,.-_  .-;  ^.:i<«t«i* 

nerve  hat  three  sheaths — (l)lhe  dural;  (2)  the  arachnoid;  and  (3)  the  pial  shr»th.  dcrf\el 
from  the  conesponding  membranes  of  the  brun.  Twu  lymph  spaces  tie  between  thc»e  three  thenb 
— the  subdural  space  between  i  anil  z,  and  the  subarachnoid  s|tace  between  1  art<l  3  (Fig.  $47^ 
Both  s]i.ices  are  lined  by  emiothelium;  and  the  fine  trabeculie  pa>«ing  from  one  wall  to  thcctiba 
arc  similarly  covered.  According  to  Axel  Key  and  Ketzius,  these  lymph  qjoces  cotnmaiiicaie  aft- 
Icriurly  wilh  the  [icrichoroidal  space. 

The  aqueous  humor  closely  resembles  the  cerebro-spinal  fluid,  and  contains  allvmin  aad  •V't 
Ihc  former  is  increased,  and  the  latter  tlisappears  after  Hcnth.  The  same  occur*  in  the  vitreom.  TiM 
albumen  increases  when  ttie  dinerencv  between  the  blood  pressure  and  (he  intraocular  presaurc  fiaa 
Such  vnriations  of  pressure,  and  al»o  intense  stimuli  applied  to  the  eye,  cause  the  prodBCttaa  rf 
fibrin  in  the  anterior  chamber jycjit^r  and  GrUnka^tn), 

Intraocular  Pressure.— The  cavity  of  the  bulb  is  praclically  filled  with  watery  Aaldft,  wMch, 
during  life,  are  cimbtanily  subjected  to  a  certain  pressure,  the  "  intraocular  |ireasurc'"  Uhtraatrif. 
this  depenils  upon  the  blood  pressure  wiiliin  the  aiteric-'iof  ihe  retina  and  uvea,  and  mits(  rise  m^ 
fall  with  it,  Tlie  pressure  is  determined  by  pressing  ufmn  the  eyeball,  and  asccifaining  wbsibtrti 
Is  tense,  or  soft  and  compressible.     Just  as  in  the  cose  uf  the  anerial  prrfisurc,  the  inCnoeoIsr  pR)t- 
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U  influenced  by  many  circuaist:)nces  ;  it  is  increased  at  every  pulse  beat  and  at  every  expiration, 
while  it  is  decrciued  ilurinK  in^iration.  The  clastic  tension  of  the  sclerotic  and  cnrnea  regulates 
the  increase  of  the  ancrial  pressure  by  acting  like  the  air  chamber  in  a  fire  engine  ;  thus  when  mure 
ancrial  blocnl  is  pumped  into  the  eyeball^  more  venous  blood  is  also  cx])cllcd.  The  constancy  of 
the  intraocular  pressure  is  also  influenced  by  the  fact  that,  just  as  the  aqueous  humor  is  removed,  it 
is  secreted,  or  rather  formed,  as  rapidly  as  it  is  absorbed  (|  392). 

The  accretion  of  the  aqueous  humor  occurs  prcUy  rapidly,  as  may  be  surmised  from  the  fact 
tliat  h»fino}{lobin  is  found  in  the  arpieoos  humor  half  an  hour  after  dissolved  blood  (lamb's)  is  in- 
jected  into  the  blood  vessels  ol  a  dt^.  It  is  rapidly  reformed,  after  evacuation,  through  a  wound 
in  the  cornea.  According  to  Rnics,  the  watery  fluid  within  the  eyeball  is  secreted,  especially  from 
the  choriocapillaris,  and  reaches  the  suprachoroidal  space,  to  the  lymph  sheaths  nf  the  optic  nerve, 
and  {tartly  through  the  network  of  the  sclerotic.  It  saturates  the  retina,  vitreous,  lens,  and  for  the 
mo!-t  part  passes  through  the  zonula  ciliaris  into  the  po^tc^io^  chamber,  and  through  the  ])upil  into 
the  antenor  chamber.  The  movements  of  the  fluid  within  the  eyeball  have  been  recently  studied 
by  Ehrlicb,  who  used  fluorescin,  an  indifferent  su?>stance,  which  on  being  introduced  into  the  body 
passes  into  the  fluids  of  the  eyeball,  and  in  a  very  dilute  solution  may  be  recognized  by  its  green  fluor- 
escence in  reflected  light.  From  observations  on  the  entrance  of  this  substance  into  the  eye  SchSlcr, 
and  UhthufT  regard  the  posterior  surface  of  tlie  mi  and  the  ciliary  body  as  the  secretory  organs  for 
the  aqueous  humor.  It  passes  through  the  pupil  into  the  anterior  chaml>cr ;  some  |>nsfes  into  the 
lens,  and  along  the  canal  of  Petit  into  the  vitreous  humor  [Pjiiif^er).  Section  of  the  cervical  sym- 
pathetic, and  still  more  of  the  ttigeminus.  accelerates  the  secretion  of  the  aijueous,  but  its  amount  is 
diminisheil.  If  the  substance  is  dropped  into  the  conjunctival  sack  it  percolates  toward  the  centre 
of  the  cornea,  and  through  the  latter  into  the  anterior  chamber  (FfiRi^er). 

The  outflow  of  the  aijueous  humor,  according  to  Leber  and  Hei»rath,  takes  place  chiefly  between 
the  meshes  of  the  ligamcnium  pectinatum  iridis  (F*^.  449.  m,  m),  through  which  it  passes  into  the 
channels  of  the  circiilus  vcoosus.  and  the  canal  of  Schlcmm  (/,  k).  A  very  small  part  of  the 
at|ueuus  passes  through  the  cornea  into  the  sub- conjunctival  connective  tissue,  and  even  into  the 
conjunctival  sack .  .\fter  burning  the  Umbus  cornex  wi:h  a  hot  needle  this  outflow  is  arrested,  the 
eyeball  becomes  very  hard,  so  that  the  intrabulbar  vessels  arc  subjected  to  high  pressure  [Srh^'Ur). 
Perhaps  there  is  a  direct  communication  l^twcea  the  anterior  ciliary  veins  and  the  anterior  chamber 
(p.  754).  None  of  the  water  is  conducted  from  the  eyeball  by  any  special  efferent  lymphatics 
{Ltter).  Under  normal  circumstances  the  pressure  is  nearly  the  same  in  the  vitreous  and  aqueous 
chambers,  hut  atropin  seems  lo  diminish  the  pressure  in  the  former  and  to  increase  it  iu  the  latter, 
whilst  Calabar  Wan  has  an  opposite  action  {AJ.  IVehrr).  Arrest  of  the  outflow  of  (he  venous 
blood  often  increases  the  pressure  in  the  vitreous,  and  diminishes  that  in  the  a(|ueous  chamber. 
Compression  of  the  bulb  from  without  causes  more  fluid  to  pass  out  of  the  eye  temporarily  th.an 
enters  it.  The  diminution  of  the  intraocular  pressure  is  well  marked  after  section  of  the  trigeminus, 
whdc  it  rises  when  this  nerve  is  stimulated.  The  sutemenls  vary  regarding  the  effect  of  the  sym- 
pathetic nerve  upon  the  pressure.  Interruption  to  the  venous  outflow  increases  the  pressure,  while 
an  imperfea  supply  of  l)lood,  the  outflow  i>eing  normal,  diminishes  the  pressure.  The  innervation 
of  the  blotKl  vessels  of  the  t-yc  is  referred  to  at  \  347. 

385.  DIOPTRIC  OBSERVATIONS-— The  eye  as  an  optica!  instrument  is  comparable  to  n 
camera  obscura  ;  in  l^odi  nn  inverted  diminished  image  of  the  objects  of  the  external  M-orld 
is  formed  upon  a  l>ack^round,  the  lieli!  of  projection.  [In  the  case  of  the  eye  this  is  represented 
by  the  retina.]     InstenrI  of  the  single  lens  of  the  camera,  the  eye  has  several  refractive  media 

E laced  behind  e.icb  other — cornea,  aqueous  humor,  lens  f  whose  individual  parts — capsule,  cortical 
lyers,  and  nucleus,,  all  [>osse»s  dilferenl  refractive  indices),  and  vitreous  humor.  Every  two  of  these 
adjacent  media  are  bounded  by  a  "  refractive  surface,"  which  may  be  regarded  as  spherical.  The 
field  of  projection  of  the  eye  is  the  retina,  which  is  colored  with  the  visual  purple  I  i9^//,  A  «A«<r).  As 
this  substance  is  bleached  chemically  by  the  direct  action  of  tight,  so  thai  the  pictures  may  be  tem- 
porarily fixed  upon  the  retina,  the  comparison  of  the  eye  wiih  the  camera  of  the  photographer  be- 
comes  more  striking.  In  order  that  the  passage  of  the  rays  of  light  through  the  media  of  the  eye 
majr  be  rightly  understood,  we  must  know  the  following  factors:  (l)  the  refractive  indices  of  a'l 
the  media;  (2)  the  form  of  the  refractive  surfaces;  (3)  the  distance  of  the  various  media  from  each 
other,  and  from  the  tieUI  of  projection  or  retina. 

Action  of  a  Conver^ring  Lens.— We  must  know  how  a  convex  lens  acts  upon  light.  In  a 
convex  lens  we  distinguish  the  centre  of  curvature  (Fig.  458, 1,  m,  m,),  1.  f.,  the  centre  of  both 
spherical  surfaces.  The  Ime  connecting  both  is  called  the  chief  axis;  the  centre  of  this  line  is  the 
optical  centre  of  the  lens  {o).  All  rays  which  pass  through  Jbe  optical  centre  of  the  lens  pass 
through  unbent  or  without  being  refracted  ;  they  arc  called  the  chief  or  principal  rays  (11,  n ,).  The 
following  are  the  laws  regulating  the  action  of  a  convex  lens  upon  rays  of  light : — 

I.  Rays  which  fall  upcm  the  lens,  parallel  with  the  principal  axis  ill,/,  a),  are  so  refracted  that 
they  are  collected  on  the  other  side  of  the  lens,  at  a  point  called  the  focus  or  principal  focus  ( /). 
The  distance  of  this  point  from  the  central  point  (o)  of  the  lens  is  called  the  focal  ditlaucc  {/  0)  of 
the  lens.  The  converse  of  this  condition  is  evident,  viz.,  rays  which  diverge  from  a  focus  and  reach 
the  lens  past  through  it  tu  the  other  side,  parallel  with  the  principal  axis,  without  again  coming 
together. 


Ibe  other  *i(Ie  lots  divergeni,  but  do  not  come  to  a  fucus  again.     Convenely,  raw  which  ire  a** 
vergcnt  and  pass  through  a  collecliog  lens  have  their  focal  point  wilhiii  the  focal  dittaitcc. 

4.  If  the  luminous  point  (V,  a)  i*  placed  in  the  secondary  ray  (a,  i\,  the  same  lows  otaun^fW- 
vidcd  the  angle  formeil  by  the  Hcondary  tay  n-ith  the  pri»cip«I  nx\»  is  small. 
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Fonnation  of  Images  by  Convex  Lenses. — After  what  has  been  stated  regarding  the  postlion 
[of  ;he  point  of  convergence  of  rays  procecJin^  from  a  luminous  |x)int,  the  conslructiun  nf  llie  image 
of  any  object  by  a  convex  lens  is  easily  accomplished.  This  is  done  simply  by  projeaing  images 
of  the  various  parts  of  the  object.  Thus,  evidently  in  V,  i>  is  the  focal  point  of  the  object  a,  while 
V  is  the  focal  point  of  the  object  /.  The  picture  is  inverted.  CoUncting  Itmes  form  an  invcrUd 
and  rtai  image  (i.  e.,  upon  a  screen)  only  of  nuk  objects  az  art  placed  htyond  the  fiteal point  of 
the  /em. 

With  rcgnrd  to  the  size  nnd  distance  of  the  image  from  the  lens,  there  are  the  following  cases: 
{a)  If  the  object  be  placed  at  iwice  the  focal  distance  from  the  lens,  the  image  of  the  same  is  just 
the  same  size  and  at  ihe  same  distance  from  the  lens  as  the  object  is.  {<*)  If  the  object  be  nearer 
ihnn  the  focus,  the  imaj^e  recedes,  and  at  the  same  time  becomes  larger,  (r)  If  the  object  be 
further  removed  from  the  lens  ihnn  twice  the  focal  distance,  then  the  image  is  nearer  to  the  lens, 
and  at  the  &ame  time  become'^  smaller. 

Position  of  the  Focai  Point.— The  distance  of  the  focal  point  from  the  lens  is  readily  calcu- 
lated according  to  the  following  formala :  Where  /  ==  the  distance  of  the  lumtnous  point,  h  ^^  the 

»<}tBUnce  of  the  image,  and/-     *'  -  '  "  '  " *.i^-  t  _  _     i    ■    i        i    ._  i        i        i 


the  focal  disUDce  of  the  lens :  L  -|_  '.  —  '    or  i-  =  t 

I        b       f         oft 

Bzample.— Let  /  =  24  centimetres,  /  —  6  cm.     Then  -  =  1  —   L=J.  »o  that  *  =  8  cm 

^       6       24       8 
^C  r.,  the  image  is  formed  8  cm.  behind  Ibe  lens.     Further,  let  /  =r  10  cm.,  f  ^  ^  cm.  f  1.  e.,  / 


2/).  Then  J  = 


of  Ihe  lens. 


I 
5 

Lastly, 


_  I 
lb 

1et/  = 


/^5cm.{i 
so  that  b  =  to,  1,  e.j  the  image  is  placed  at  twice  the  focal  distance 


Then  -.-=  —— '_;  so  that  h  ^f  i. 
b        f       <x> 


e.,  the  image  of  parallel  rays 


coming  from  infinity  lies  in  the  focal  point  of  the  lens. 

Refractive  Indices. — A  ray  of  1ight„  which  passes  in  a  pcrpcnrlicnlar  direction  from  one  medium 
into  another  medium  nf  different  density,  passes  through  the  latter  without  changing  its  course  <a 
being  refracted.  In  Fig.  459,  if  G  D,  is  x  A  H,  iben  so  is  D  !>,  X  A  B;  for  a  plane  surface  A  B 
is  the  horizontal,  and  G  D  the  vcitical  line.  If  the  surface  is  spherical,  then  the  vertical  line  is  the 
prolonged  radius  of  this  «[>here.  If,  however,  (he  ray  of  light  falls  ohliquety  ujwn  the  surface,  it  is 
*'  refracted,"  1.  e.,  it  is  bent  out  of  its  original  couree.  The  incident  and  the  refracted  ray,  never- 
theless, lie  in  one  plane.  When  the  oblique  incident  ray  passes  from  a  less  dense  medium  [e.g.y  air) 
into  one  more  dense  ie.g.,  water),  the  refracted  or  encitlent  ray  is  bent  tmvard  xhe  perpendicular. 
If.  conversely,  it  pass  from  a  more  dense  to  a  le.M  dense  medium,  it  is  t>ent  away  from  the  perpen- 
dicular. The  angle  [i  CDS)  which  the  incident  ray  (S  D)  forms  with  the  perpendicular  (G  D) 
is  calle<l  the  angle  of  incidence,  the  angle  formed  by  the  refracted  ray  (D  Sj )  with  the  prolonged 
perpendicular  (D  D)  is  called  the  angle  of  refraction.  DOS,  (r).  The  refractive  power  is 
expressed  as  the  "refractive  index."  The  term  refractive  index  («)  means  that  number  which 
shows  for  a  ccitain  suUtancc  how  many  times  the  sine  of  the  angle  of  incidence  is  greater  than  Ihe 
sine  of  the  angle  of  refraction,  when  a  ray  of  light  losses  from  the  air  into  that  substance.  Thus, 
H  :=sin.  I  ;  sin.  r  =:  ab,  :  <d.  On  comparing  the  refractive  indices  of  two  meiiia,  wc  alwajrs  assume 
that  the  ray  passes  from  air  into  the  medium.  On  passing  from  the  air  into  water,  the  ray  of  light 
is  so  refracted  that  the  sine  of  the  angle  of  mcidcnce  i.'*  to  the  sine  of  the  angle  of  refraction  as 


3 ;  the  refractive  index  is 


1.336),   With  glass  the  proportion  is  =  3  :  a 


—  {or  more  exactly 

(^  1.535) — {.^nel/ius,  rfijo  ;  De%i>trtes). 

The  construction  of  the  refracted  ray,  the  refractive  index  being  given,  is  simple.  Example. 
^Suppose  in  Fig,  460.  L  -^  the  air.<'<  -=  a  dense  medium  (glass)  with  a  spherical  surface,  a*  v. and 
with  Its  centre  at  m  ;  p  o  =^  the  oblii^ue  incident  ray,  then  m  Z\&  the  perpendicular,  <^)  =^  1  the 

angle  of  incidence.     The  refractive  index  given  is    —    *  the  object  is  to  find  the  direction  of  the 

refracted  way.     From  o  as  centre  describe  a  circle  with  a  radius  nf  any  length;  ^m  a  draw  a  per- 

(irndicular,  a  bin  m  Z\  then  «  b  is  the  sine  of  the  angle  of  incidence,  t.     Divide  the  line  a  b  into 

three  et)uai  parts,  and  prolong  it  to  the  extent  of  two  of  these  parts,  viz.,  to/.      Uraw  the  line/ 

parallel  to  m  Z.    The  line  joining  0  to  n  is  the  direction  of  the  refracted  ray.     On  making  a  line, 

perpendicular  to  >»  Z^  n  s  ^  b  p.     Further,  n  s  ^=  sine  <)  ^=  r.     So  that  a  b:  s  h  (ot  :  bp) 

.      .      .  3 

=  3  :  2  or  sm.  I :  ?in.  r  ^z     -  ■ 

Optical  Cardinal  Point  of  a  Simple  Collecting  System.— Two  refractive  media  (Fig.  461, 
L  and  G)  which  arc  scjjarated  from  each  other  by  a  spherical  surface  (ff,  b]  form  a  simple  collect* 
ing  system.  It  is  easy  to  estimate  the  consTnictlon  of  an  incident  ray  coming  from  the  first  medium 
fL)  and  falling  obliquely  Ufion  the  surface  (<t,  ^i  separating  the  two  media,  as  welt  as  to  ascertain 
its  direction  in  the  secottd  medium,  G,  and  also  from  ihc  position  of  a  lumtnous  point  in  the  first 
medium  to  estimate  the  position  of  the  corresponding  focal  point  in  the  second  medium.  The 
factors  required  to  be   known   are  the   following:   L   (Fig.  461)  is  the  first,  and  G  the   second 
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medium,  a,  fi  ~  the  spherical  surface  whose  centre  is  m.  Of  cour^,  all  the  nAii  drawn  fnaii 
lo  a  d  {m  JT,  m  h)  are  perpeQclicuInr»,  so  that  all  rays  falling  in  the  direction  uf  ihe  radti  mua  |«m 
uorefracted  through  m.  All  rays  of  this  sort  are  called  rays  or  lineft  of  direction  ;  w.  as  the  \niat 
of  intersection  of  all  these,  is  i^lrJ  the  nodal  point.  The  line  which  connects  m  with  the  vcnei 
of  the  spherical  surface,  .r,  and  wluch  is  prulun^ed  in  twih  directions,  is  callctl  the  optic  mxi%,  O  Q. 
A  plane  ( K,  F)  in  jr.  [jcr|>enJicular  to  O  Q,  Is  called  the  pritutf^al pitsur,  and  in  ii  x  is  the  prte 
cipal  point.  The  lollowing  facts  have  been  ascertained  :  { i )  All  rays  ia  to  a,),  which  io  the  finl 
motlium  .ire  parallel  with  each  other  and  with  the  optic  axis,  and  fall  upon  a  A,  are  so  refraded  ti 
the  second  mediom  that  they  are  all  ac°>ii  united  in  one  point  f /i  t  of  the  5econd  mediom.  This 
is  called  the  snond prLndpal foctn.     A  plane  m  this  point  pcrpciidicuUrto  O  Q  i&  called  ihejKMi^ 
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fotal plane  (C.  D).  (a)  All  rays  {t  to  ^,1,  which  In  the  first  medium  are  parallel  to  each  otbtf 
but  not  parallel  to  O  Q.  reunite  in  a  point  of  the  second  f 'cal  plane  (r),  where  the  imnrefracted 
directive  ray  (r^,  m  r\  meets  this.  (Inihi&  case  the  an^le  formed  by  the  rays  r  to  r,  with  C  Q  oiiut 
^>e  very  small.)  The  )>r<)posilionx  i  and  3  of  course  may  Ik  reversed;  the  divetgrni  ray«  |irty 
ceeding  from  p  toward  a  h  pass  into  the  first  medium  pamltel  to  each  other,  and  als(j  with  the  nil 
(J  <J  ((I  to  ii.  ^ ;  and  the  rays  proceeding  from  r  pass  into  ihe  lira  medium  parallel  to  each  other, 
but  not  parallel  to  Ihe  axi&O  <^  fas  rtor,).  (3)  All  rayK,  which  in  the  second  medium  are  psrsDel 
to  each  other  {h  to  h^)  and  witii  the  axis  O  Q.  reunite  in  a  point  in  the  first  medium  (/),  called  thi 
Hrti  focsl point :  of  coune^the  converse  of  this  is  true.     A  plane  in  this  point  perpendkular  to 
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O  Q  i-i  called  the yfr^//ipm///ow*' (A.  B).  Tlie  radius  of  the  refractive  surface  fur,  x)  is  equal  ID 
Ihe  dirference  of  the  distance  of  both  focal  points  ( /  and  /, )  from  the  principal  focus  ix\ ;  Ihw 
m  X  ^=  p^  X  —  /  X.  From  these  comparatively  simple  propositions  it  is  easy  to  detenniaie  the  M' 
lowing  points  t — 

I.  The  Construction  of  the  Refracted  Ray. — Let  A  (Fig.  462)  be  the  first-,  B  the  second 
medium  ;  r,  d,  the  spherical  surface  •separating  the  two;  a,  b,  the  optical  axis;  k,  the  nodal  poist; 
/  the  first  and  /,  the  second  principal  focus ;  C,  D,  Ihe  second  focal  plane.  Suppose  x,  /  to  r«p«' 
sent  the  direction  of  the  incident  ray,  what  is  ihe  conMniclion  tif  the  refracted  ray  in  the  seco»J 
medium?  Prolong  the  unrefracted  ray,  I',  i,  t^  parallel  to  x,^,  tben>',  Q  is  Ihe  direction  of  the 
refracted  ray  (according  to  2). 
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2.  CoDBtniction  of  Ihe  Imag^e  for  •  given  Object. — Tn  Fig.  463,  B.  e,  d,  a,b,  /•,  /,  »n(l  /, ,  C, 
D  are  u  before.  Suppose  a  luininoos  point  (o)\n  the  first  medium,  whut  is  the  position  of  the  image 
in  the  second  medium  ?  Prolong  the  unrcfraclcd  ray  [a,  i,  P).  and  draw  the  ray  (t>,  x)  parallel  to 
ihe  axi&  {n,  i>).  The  parallel  rays  (a,  e,  and  o,  x)  reunite  111/  according  to  pronosiiion  i).  Prolong 
jr»/,  until  it  Interseas  the  ray  \c,  I'),  then  the  image  oi  o\stA  P,  the  rays  of  light  (c,  x,  and  o  £) 
prucceding  from  the  luminous  point  (^e)  reunite  in  P. 

Construction  of  the  Rc&acted  Ray  and  the  Image  in  several  Refractive  Media. — If 

Fig.  463. 
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several  refractive  media  be  placed  behind  each  other,  we  must  proceed  from  medium  to  medium 
with  the  satnc  methods  as  above  dcscritwd.  This  would  be  very  tedious,  especially  when  dealing 
with  small  objects.  Gauss  ( 1840)  calculated  that  in  such  cases  the  method  of  construction  is  very 
simple,  [f  the  several  media  are  "  centred,"  t./.,  if  all  have  the  satne  optic  axis,  then  the  refrac- 
tive indices  of  such  a  centred  system  may  be  rcprcscntcil  by  two  equal  strong  refractive  surraccs  at 
a  certain  distance.  The  rays  falling  upon  the  first  surface  are  not  refracted  by  it,  but  are  essentially 
projected  forward  parallel  with  thetnselves  to  the  second  surface.   Kefraciion  takes  place  first  at  the 

Fig.  464. 
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fecoDd  surface,  just  as  if  only  ime  refractive  surface  was  present.  In  order  to  make  the  calculation, 
we  mnst  know  the  refmclive  indices  of  the  media,  the  radii  of  the  refractive  surfaces,  and  the  dis. 
lance  of  the  refractive  surfaces  from  each  other. 

Construction  of  the  refracted  ray  is  acciimpli<>hed  as  follows  :  1.ct/i.^  (Fig. 464,  I },  represent  the 
optical  axis ;  H.  the  Hnx  focal  [^oint  dclcrmincd  by  calculation  ;  h,  h,  the  principal  plane ;  H,  Ihe 
second  fucal  point ;  4|t  ^|,  the  second  principal  plane  :  k,  the  flist.  and  <(,,  the  second  nodal  point ; 
F,  the  second  focal  point ;  and  F^,  F, ,  the  second  focal  plane.     Make  the  ray  of  direction  /,  4, , 
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parallel  to  ««,,»,.     According  lo  proposition  2,  />, 


muvt  meet  in  1  point  of  the 


plane  FpF,.  A.^ p,  i,  pssses  through  unrefractcd,  the  ray  from  #i|  roiut,  therefore,  UX\  at  r;  «,  r 
is.  thcTcrore,  the  direction  of  the  refractc*!  ray. 

Construction  of  the  Focal  Point. — Let  f  (Fig-  4^4.  U)  he  a  luminous  point,  what  is  the  peti- 
tion of  its  image  in  the  lost  medium  ?  lYolong  from  e  the  ray  of  direction  <?,  ^,  and  mike  o,  x  pir- 
allcl  to  Uf  fi.  Both  rays  arc  prolonged  in  a  j>arallel  direction  to  the  second  focal  ptaoc.  Tbe  nf 
parallel  to  a,  li  g<>es  through  F :  m.  i^  as  the  ray  of  direction  pauet  through  unrefractcd.  O,  where 
M,  F,  and  m,  ^i  intersect  each  other,  is  the  position  of  the  image  of  0. 

386.  DIOPTRIC  LAWS  AND  THE  EYE— FORMATION  OF 
THE    RETINAL   IMAGE— OPHTHALMOMETER.— Position   of 

the  Cardinal  Points.^ — The  eye  surrounded  with  air  on  the  anterior  surface  of 
the  cornea,  represents  a  conoeniric  system  of  refractive  media  with  spherical  sepa* 
rating  surfact».  Id  order  to  ascertain  the  course  of  the  rays  through  the  various 
media  of  the  eye,  we  must  know  the  position  of  both  principal  points,  both  nodal 
points  as  well  as  the  two  principal  focal  points.  Gauss,  Listing,  and  v.  Helmholtz 
have  calculated  the  position  of  these  points.  In  order  to  make  this  calculation, 
we  require  to  know  the  refractive  indices  of  the  media  of  the  eye,  the  radii  of  the 
refractive  surfaces,  and  the  distance  of  the  latter  from  each  other.  These  will  be 
referred  to  afterward.  The  following  results  were  obtained  :  {i)  The  Jtrst  />nndf>ai 
poifit\%  3.1746  mm.  ;  and  (2)  the  second  principal  point  is  2.5724  mm.  behind  the 
anterior  surface  of  ihc  cornea.     (3)  The  yfr^/  nodai  point ^  0.7580  mm.;  and  (4) 

Fig.  465. 


the  sfcoHii  noda/ poin/y  0.360a  mm.  in  front  of  the  posterior  surface  of  the  leia. 
(5^  T\xe  sicottd principai/oiui,  14.6470  mm.  behind  the  posterior  surface  of  tbt 
lens  ;  and  (6)  itie  first  principal  focus,  12.8336  in  front  of  the  anterior  surlace  of 
the  cornea. 

Listing's  Reduced  Eye. — The  distance  between  the  two  principal  points,  on 
the  two  nodal  points,  is  so  small  (only  0.4  mm.),  that  practically,  without  introduc- 
ing any  great  error  in  the  construction,  we  may  assume  one  mean  nodal  or  principal 
point  lying  between  the  two  nodal  or  principal  points.  By  this  simple  procedure 
we  gain  one  refractive  surface  for  all  the  media  of  the  eye,  and  only  one  nodal 
point,  through  which  all  the  rays  of  direction  from  without  must  pass  without  be- 
ing refracted.  This  schematic  simplified  eye  is  called  "  the  reduced  eye  **  of  List* 
ing. 

Formation  of  the  Retinal  Image. — The  construction  of  the  image  on  the 
retina  thus  becomes  very  simple.  In  distinct  vision  the  inverted  image  is  formed 
on  the  retina.  Let  \  B  (Fig-  465)  represent  an  object  placed  vertically  in  front 
of  the  eye.  A  pencil  of  rays  passes  from  .\  into  the  eye  ;  the  ray  of  direction,  A 
//,  passes  without  refraction  through  the  nodal  point,  Jk.  Further,  as  the  focal  poiol 
for  the  luminous  point.  A,  is  upon  the  retina,  all  the  rays  proceeding  from  A  most 
reunite  in  //.  The  same  is  true  of  the  rays  proceeding  from  B,  and,  of  course, 
for  rays  sent  out  from  an  intermediate  point  of  the  body,  A,  B.  The  retinal  image 
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!•>,  as  it  were,  an  endless  mosaic  of  many  foci  of  the  object.  As  all  the  rays  of 
direction  must  pass  through  the  combined  nodal  point,  k,  this  is  also  called  the 
**  point  of  interseition  of  the  visual  rays." 

The  inverted  image  on  the  retina  is  easily  seen  in  an  excised  eye  of  an  albino  rabbit,  or  in  any 
other  eye,  by  removing  a  portion  of  the  sclerotic  and  choroid,  and  supplying  its  place  with  a  piece 
of  gloss. 

The  size  of  the  retinal  image  may  also  be  calculated,  provided  we  know  the  size  of  the  object 
and  its  distance  from  the  cornea.  As  the  two  triangles.  A,  II,  k,  and  <-,  </,  k,  are  similar,  A.  B  : 
e^d  =^  J,k  :  *.  ^,  so  that  £,  (/  =  (A,  B,  i,  p)  if,  k.  All  these  values  are  known,  viz.,  i,  g  ^ 
15.16  mm. ;  furthcr.y,  k  =.  a,  k  y^  a,f  where  j,/  is  measured  directly,  and  a,  k  =  7.44  mm. 
The  size  of  A  B  is  measured  directly. 

The  angle,  A  k  B,  is  called  the  visual  angle,  and  of  course  it  is  equal  to  the 
angle  c  k  d.  It  is  evident  thai  the  nearer  objects,  x y,  and  r /,  must  have  the 
same  visual  angle.  Hence,  all  the  three  objects,  A  B,  .v  v,  and  r  s,  give  a  retinal 
image  of  the  same  size.  Such  objects,  whose  ends  when  united  with  the  nodal 
point  form  a  visual  angle  of  the  same  size,  and  consequently  form  retinal  images 
of  the  same  size,  have  the  same  '*  apparent  size." 

In  order  to  determine  the  optical  cardinal  points  by  calculation  after  the  method 
of  Gauss,  we  must  know  the  following  factors :  — 

I,  T/if  refractive  im/icirs,  which  are — for  the  cornea,  1.377  ;  aqueous  humor, 
1.377;  lens,  1.454  (as  the  mean  value  of  all  the  layers);  vitreous  humor,  1.336; 
air  being  taken  as  i,  and  water  1-335. 

Fig.  466. 
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>.  The  radii  of  the  Spheric^  rffradive  surfaces y  which  are — of  the  cornea,  7.7 
mm. ;  of  the  anterior  surface  of  the  lens,  10.3;  of  the  posterior,  6.1  mm. 

3.  The  distance  of  fht  refractive  surfaces — from  the  vertex  of  the  cornea  to  the 
anterior  surface  of  the  lens,  3.4  ram.  ;  from  the  latter  to  the  posterior  surface  of 
the  tens  (axis  of  the  lens),  4  mm.  ;  diameter  of  the  vitreous  humor,  14.6  ram. 
The  total  length  of  the  optic  axis  is  22.0  mm. 

[KUhne's  Artificial  Eye. — The  formation  of  an  inverted  image  and  the  other  points  in  the 
dioptrics  of  the  eye  can  Iw  stuiiied  most  effectively  on  KUhne's  arliticial  eye,  the  course  of  the  rays 
of  light  being  visible  in  water  ringed  with  eosine.] 

The  Oph  thai  mom  eter.^T  his  is  an  instrument  to  enable  us  to  measure  the  radii  of  the  refrac- 
tive media  of  the  eye.  As  the  nomial  curvature  cannot  be  accurately  measured  on  the  dead  eye 
(Petit,  rj»j)i  owing  to  the  rapid  collapse  of  the  ocular  tunics,  we  have  rccoaisc  to  the  process  of 
Kohlrausch  for  calculating;  the  radii  of  the  refractive  surfaces  from  the  si/c  of  the  reflected  images 
in  the  living  eye,  7he  ii%e  t}f  a  luminous  body  is  to  the  ti^e  pf  its  refened  image  .is  iht  distance  of 
both  to  half  the  radius  of  the  convex  mirror.  Hence  it  is  necessary  (o  measure  the  size  of  the  re- 
flected image.  This  is  done  by  means  of  the  ophthalmometer  of  Hclmlmlu  (Fiy.  466).  The 
apparatus  is  constructed  on  the  following  principle  :  If  we  ntKcrve  an  ubjeci  ihrou^h  a  glass  plate 
placed  obliquely,  the  object  appears  to  be  displaced  laterally;  Ihc  displacement  becomps  greater 
the  more  obHquely  (he  plate  is  moved.  Snppose  the  observer.  A,  to  look  through  the  telescope,  F, 
which  has  the  plaie,  G,  placed  obliquely  in  front  of  the  upfer  half  of  iis  objective,  be  sees  the  cor- 
neal reflected  image,  a,  fi,  of  the  eye,  B,  and  the  image  appears  to  be  displaced  laterally,  viz.,  to  a', 
y.  If  a  second  plate,  G,  be  pl.-vccd  in  front  of  the  /tm'er  half  of  the  telescope,  but  placed  in  the 
opposite  direction,  so  that  both  plates,  corresponding  to  the  middle  line  of  the  objective,  intersect  at 
in  angle,  then  the  observer  sees  the  rctlecle.1  image,  a  t>,  displaced  laterally  to  /i",  *".  As  both 
glass  plates  rotate  round  their  point  of  intCTseclion,  the  position  of  both  is  >o  ^elected  that  both  re- 
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fleeted  imager  just  touch  «ach  other  with  iheir  inner  margins  (so  thai  h*  ahuli  clnnelj  opoo  a**). 
The  size  of  the  rcHcclc]  image  can  be  dtrtcrmtned  from  the  size  of  the  aM{;le  farmeii  b^  both  pUick 
but  wc  must  take  into  CAlculalioti  the  thickness  of  the  glass  plates  and  their  refraciive  indices.  The 
size  of  the  corneal  image,  an<l  also  that  in  the  lens,  may  be  uacenained  in  the  passive  eye,  and  ahu 
in  the  eye  accommodated  for  a  near  object,  and  the  length  of  the  radiiu  of  the  curved  surface  nasy 
be  calculated  therefrom  {Htlmholtt,  Danders,  Mauthner\, 

Fluorescence. — S\\  (he  media  of  the  eye,  even  the  retina,  are  slightly  Aoorescent;  the  leu 
most,  the  vitreous  humor  least  !:•.  Jlelmho/tt). 

Krect  Vision. — As  the  retinal  image  is  inverted,  we  must  explain  how  we  sec 
objects  erect.  By  a  psychical zcX,  the  impulses  from  any  point  of  the  reiioa  are 
again  referred  to  the  exterior,  in  the  direction  through  the  nodal  point ;  thus  the 
stimulation  of  the  point,  rt*  (Fig.  465),  is  referred  to  A,  that  of  e  to  B.  The 
reference  of  the  image  to  the  external  world  happens  thus,  that  all.  points  appear 
to  lie  in  a  surface  floating  in  front  of  the  eye,  which  is  railed  the  JieU  of  visian. 
The  field  of  vision  is  the  inverted  surface  of  the  retina  projected  externally  ; 
hence  the  field  of  vision  appears  erect  again,  as  the  inverted  retinal  image  is  agaio 
projected  externally  but  inverted. 

That  the  stimulation  of  any  point  is  again  projected  in  an  inverse  direction  throagh  the  nodal 
point,  is  proved  by  the  simple  experiment  that  pressure  upon  the  outer  aspect  of  ihe  eyeball  ii 
projected  or  referred  to  ihc  inner  aspccl  of  the  field  of  vision.  The  cntoptical  phenomena  of  the 
retina  are  similarly  projected  externally  and  inverted ;  so  that,  f.g^  the  enrrance  of  ihe  o(4ic  ner»c 
lies  external  to  the  yellow  S|x>i  (sec  \  393).     All  sensations  from  the  retina  arc  projected  exienull;, 

387.  ACCOMMODATION   OF  THE   EYE,— According  10  No,  3  fp,  760),  the  n^  «r 

light  procce*ling  from  a  luminuus  point,  e.  g.,  a  Hame,  and  acred  upon  by  a  collecting  (conrci)  leai^ 
are  lirougbt  Id  a  focus  or  fucal  |>oim,  which  has  always  a  definite  relation  to  the  luminous  oligcd. 
If  a  projection  surface  or  screen  be  placed  al  this  distance  from  the  tens,  a  real  and  inverted  imce 
of  the  object  Is  obtaine<l  ujKtn  the  screen.  If  the  screen  be  placed  nearer  to  the  lens  ( Fig.  760,  IV, 
a,  b\t  or  lunher  away  from  it  (r,  d),  no  di>tinct  image  of  the  object  is  formed,  but  diffusion  circlf 
are  obtained,  because  in  the  former  case  the  rays  have  not  united,  and  in  the  laiier  because  the  rif^ 
after  uniting,  have  crossed  each  other  and  l>ecoiiie  divergent.  If  the  luminous  point  be  brott^ 
Dearer  to,  or  removed  further  from,  the  lens,  in  order  to  obtain  a  distina  image,  in  every  case  the 
screen  must  be  brought  nearer,  or  removed  from  the  lens,  to  keep  the  same  distance  between  Ihe 
lens  and  the  Kreen.  If,  hovtevcr,  the  screen  be  fixed  permanently,  white  the  distance  tieiwre*  tK* 
luminous  point  and  the  lens  varies,  a  distinct  image  can  only  be  obtained  upon  the  Bcreen,  prnvidod 
the  lens,  lu.  the  luminous  point  approaches  it,  becomes  more  convex,  i.  e  ,  refracts  the  niys  of  Itghl 
more  strongly — conversely,  when  the  distance  lietween  the  luminous  potm  and  the  leni  becuna 
greater,  the  lens  must  become  less  curved,  r.  e.,  refract  less  strongly. 

In  the  eye,  the  projection  surface  or  screen  is  represented  by  the  retina,  which  is  pcrmaneDtiy 
6xcd  at  a  certain  distance;  hut  the  eye  has  the  power  of  forming  distinct  images  of  near  and 
distant  objects  upon  the  retina,  so  that  the  refractive  power,  i.e.,  the  form  of  the  crystalline  Icfli  ia 
the  eye,  must  undergo  a  change  in  curvature  corresponding  in  every  case  to  the  distance  of  the 
object.  [It  is  imponant  to  remember  that  we  cannot  see  a  near  object  and  a  di*iai.i  one  wiib  CfMi 
distinctness  at  the  tame  time,  and  hence  arises  the  necessity  for  accommodation.] 

Accomraodation.— By  the  term  accommodation  of  the  eye  is  understood  the 
property  ot  the  eye,  whereby  it  forms  distinct  images  of  distant  as  well  as  now 
objects  upon  the  retina.  This  power  depends  upon  the  fact  that  the  crystalline 
lens  alters  its  curvature,  becoming  more  convex  (thicker),  or  less  curved 
{flatter},  according  to  the  distance  of  the  object.  When  the  lens  is  absent  from 
the  eyeball,  accommodation  is  impossible  (  Th.  Yottng^  Bonders — p.  758}. 

During  rest  [or  negative  accommodation],  or  when  the  eye  is  passive,  it 
is  accommodated  for  the  greatest  distance,  i.e.,  images  of  objects  placed  at  m 
infinite  distance  {e.g.,  the  moon)  are  formed  upon  the  retina.  In  this  case,  rin 
coming  from  such  a  distance  are  practically /ar<i//>/,  and  when  they  enter  the  tyt 
are,  in  the  passii>e  wtrwa/ (emmetropic)  eye,  brought  to  a  focus  on  the  retina- 
When  looking  at  a  distant  object,  a  distinct  image  is  formed  on  the  retina  wiiboot 
the  aid  of  any  muscular  action. 

That  distant  objects  are  seen  without  the  aid  of  any  muscular  action  is  shown  by  ihe  Mlovtl| 
considerations:  (1)  The  normal,  or  emmetropic,  eye  can  see  distant  objects  clearly  and  dteinalr 
without  our  experiencing  any  feeling  of  efTort.     On  opening  the  eyelids  after  a  long  period  ol  raC 
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paralysii  with  llie  same  mults  occurs  when  a  •olulion  of  alropin  or  dubotsin  i»  dropped  into  (be 
eye,  and  also  in  poisoning  with  thes«  drags  ({  392). 

When  the  eye  is  accommodated  for  a  near  object  [positive  accominoda- 
tion],  the  lens  is  thicker^  its  anterior  surface  is  more  curved  (convex),  and 
projects  further  into  the  anterior  chamber  of  the  eye  {Cramer,  v.  HefmhQltt^. 
The  mechanism  producing  this  result  is  the  following :  During  rest  the  lens  tt 
kept  somewhat  flattened  against  the  vilreuus  humor  lying  behind  it  by  the  tension 
of  the  stretched  zonule  of  Zinn  (Fig.  467,  Z),  which  is  attached  round  the  margin 
of  the  lens.  When  the  muscle  of  accommodation,  the  ciliary  muscle  (/,  m)^ 
contracts,  it  pulls  forward  the  margin  of  the  choroid,  so  that  the  zonule  of  Zioo 
in  intimate  relation  with  it  is  relaxed.  [When  we  accommodate  for  a  near 
object  the  ciliary  muscle  contracts,  pulls  forward  the  choroid,  relaxes  the 
zonule  of  Zinn,  and  this  in  turn  diminishes  the  tension  of  the  anterior  pan  of 
the  capsule  of  the  lens.]  The  lens  assumes  a  more  curved  form  in  virtue  of  it> 
elasticity,  so  that  it  becomes  more  convex  as  soon  as  the  tension  of  the  zonule 
of  Zinn,  which  keeps  it  flattened,  is  diminished  (f.  Hfimhoi/z).  As  the  [tostenor 
surface  of  the  lens  lies  in  the  saucer-shai>ecL  unyielding  depression  of  the  vitreous 
humor,  the  anterior  surface  of  the  lens  in  becoming  more  convex  must  ncce»> 
sarily  protrude  more  forward. 

Nerves. — According  to  Henscnand  Volckers,  the  origin  ofthe  nerves  of  accom- 
modation lies  in  the  roost  anterior  root  bundles  of  the  oculorootorius.  Stimu 
lalion  of  the  posterior  part  of  the  floor  of  the  third  ventricle  causes  accommoda- 
tion ;  if  a  part  lyin^  slightly  posterior  to  this  be  stimulated,  contraction  of  the 
pupil  occurs.  On  stimulating  the  limit  between  the  third  ventricle  and  the  aque- 
duct there  results  contraction  of  the  internal  rectus  muscle,  while  stimulation 
ofthe  other  parts  around  the  //^r  causes  contraction  ofthe  superior  rectus,  levator 
palpebrae,  rectus  inferior  and  inferior  oblique  muscles. 

Proofs. — That  the  lens  undergoes  ao  alteration  in  its  curvalure  during  accommodatioB  b  proved 
fcy  ihe  following  facts: — 

I.  Purkinjc-Sanson'a  Images. — If  a  lighted  candle  be  held  at  one  nde  of  the  eye,  or  if  tlcbi 
be  alluwcd  tu  fall  on  the  eye  thruugh  two  trianf^ular  holes,  placed  ntiuve  each  otbcr  aod  cut  ir  1 
piece  of  cardlnard,  the  olnerve?  will  see  in  the  laitrr  case  three  pairs  of  rctlcclcd  imager  [in  tbc 
ioimera  three  imageij.     The  brighteit  and  niuitt  distinct  image  (or  pair  of  images)  ia  CRCIa  and  ■ 


Fig.  469. 


Fic.  470, 


Santoo-Purkinjc'*  iRU|Cs,    m,  i,  c,  during  negative. 


*nd . 


pcMlclvc  accomniodAtlDii. 


produced  by  the  anterior  surface  of  the  cornea  (Fit*. 
469,  a).  The  Kcoml  image  (or  pair  of  image*^  is  also 
erect.  It  is  ihe  largest,  but  it  is  not  so  bright  {/>),  and  it 
is  reflected  by  the  anterior  surface  of  the  lens.  (The 
size  of  a  reflected  im.>ge  from  a  convex  mirror  is  greater 
Ihe  longer  the  radium  of  curvature  of  the  reflecting  surface.) 
The  latter  image  lies  8  mm.  ^MfN</thc  plane  ofthe  pupil 
The  third  image  (or  pair  of  images)  is  of  medium  size  and 
medium  brightness— it  is  inverted  and  lies  nearly  in  the 
plane  of  the  pupil  (<-).  The  posterior  capsule  of  the  lens 
which  reflects  tne  last  image  acts  like  a  concave  mirror. 
tf  a  luminous  o)>ject  be  placed  at  a  distance  from  a  con- 
cave mirror,  its  inverted,  diminished,  rea/  image  lies  close 
to  ibe  focus  toward  the  tide  of  the  object.     If  the  images 
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be  studied  when  the  observed  cyt  is  passive,  i.e.,  in  the  pbtse  of  negative  accotnmodalion  on  asking 
the  person  experimented  upon  lo  accommoJaie  his  eye  fur  a  near  ot>jcct,  al  uoce  a  change  in  the 
relative  position  and  kzc  of  some  of  the  images  is  apparent.  The  middle  pair  of  images  reflected 
by  the  anlenur  surface  of  the  lens  diminish  in  si^e  and  approach  each  other  (fS^),  which  depends 
upon  the  fact  that  Ihe  anterior  surface  of  the  lens  has  become  more  convex.  At  the  same  time  the 
image  (or  pair  of  images)  comes  nearer  to  the  image  formed  by  ihc  cornea  («,  and  c^)  as  the 
anterior  surface  of  the  lens  lies  nearer  to  the  cornea.  The  other  images  for  pairs  of  images) 
neither  change  their  size  nor  position,  v.  Helmholtz,  with  ihc  aid  of  the  ophthalmometer,  has 
measured  the  diminution  of  the  radius  of  curvature  of  the  anterior  surface  of  the  lens  during  accom- 
modation for  a  near  object. 

[Phakoscope. — These  images  may  be  readily  shown  by  means  of  the  phakoscopc  of  v.  Ilelm- 
holtz  (Fig.  470).  It  consists  of  a  triangular  box  blackened  inside  and  with  its  angles  cut  oflT.  The 
observer's  eye  is  placed  at  a,  while  on  the  opposite  side  of  the  box  are  two  prisms,  />,  d' ;  the 
observed  eye  is  placed  at  the  side  or  the  box  opposite  to  C,  When  a  candle  is  held  in  front  of  the 
priims.  6  and  #',  three  pairs  of  image*  are  seen  in  the  observed  eye.  Ask  the  person  to  accommo- 
date for  a  distant  object,  and  note  the  position  of  the  images.  On  pusbin^i;  up  the  slide,  C,wiih  a 
pin  attached  to  it,  and  asking  him  to  accommodate  for  the  pin,  i.e.,  for  a  near  object,  the  position 
and  size  of  the  middle  images  chiefly  will  be  seen  to  alter  as  described  above.] 

2.  In  consequence  of  Ihe  increased  curvature  of  tbc  lens  during  accommodation  for  a  near 
object,  (he  refractive  indices  within  the  eye  must  undergo  a  change.  According  to  v.  Ilclmholtz, 
the  following  measurements  obtain  in  negative  and  positive  accommodation  respectively ; — 


Acoommodation. 


Radius  of  the  cornea 

Radius  of  anterior  surface  of  lens 

Rndius  of  posterior  surface  of  lens 

Position  of  the  vertex  of  the  outer  surface  of  the  lens  behind  ( 

the  vertex  of  the  cornea / 

Position  of  the  posterior  vertex  of  the  lens 

Position  of  the  anterior  focal  point 

Position  of  the  first  principal  point 

F\jsition  of  the  second  principal  point 

position  of  the  posterior  focal  point  l>chind  the  anterior  vertex  I 

of  the  cornea. / 


Negative — Hin. 


3.6 


23.23 


Poiilive— Mi 


20.25 


3.  Lateral  View  of  the  Pupil. — If  the  passive  eye  be  looked  at  from  the  side,  we  observe  only 
a  small  black  strip  of  the  pupil,  which  becomes  broader  as  soon  as  the  person  experimented  on  ac- 
comnindates  for  a  near  object,  as  the  whole  pupil  is  pushed  more  forward. 

4.  Pocal  Line. — If  light  be  admitted  through  the  cornea  into  the  anterior  chamber,  the  "  focal, 
line  "  formed  by  the  concave  surface  of  the  cornea  falls  upon  the  \tis.  [f  the  cx]»eTimrnt  be  made 
upon  a  person  whose  eye  is  accommodated  for  a  distant  object,  so  that  the  line  lies  near  the  margin 
Dl  the  pupil,  it  gradually  recedes  toward  the  scleral  margin  of  the  iris,  as  soon  as  the  person  ac- 
commodates for  a  near  object,  because  the  iris  becomes  more  oblique  a^  its  inner  margin  is  pushed 
forward. 

5.  Change  in  Sixe  of  Pupil. — On  accommodating  for  a  near  object,  the  pupil  contracts, 
while  in  accommodation  for  a  distant  object  it  dilates  {Dcsearfes,  J6jy).  The  contraction  takes 
place  slightly  after  the  accommodation  [Doniirrs).  This  phenomenon  may  be  regarded  as  an 
associated  movement,  as  both  the  ciliary  muscle  and  the  sphincter  pupilla:  are  supplied  by  the 
ocalomotorius  (J  345,  2.  3).  A  reference  to  Kig.  467  shows  that  the  latter  also  directly  supports  the 
ciliary  muscle;  as  the  inner  margin  of  the  iris  pawteii  inward  (toword  r),  its  tension  lends  to  be 
propagated  to  the  ciliary  margin  of  the  choroid^  which  also  must  pass  inwanl.  The  ciliary  pro- 
cesies  are  made  tense,  chiefly  by  the  ciliary  muscle  (tensor  choroidx).  Accommodation  can  still 
be  performed,  even  though  the  iris  be  absent  or  cleft. 

6.  Internal  Rotation  of  the  Bye. — On  rotating  the  cyelmll  inwanl!,  accommodation  for  a  near 
objeci  is  performed  involuntarily.  .\s  rotation  of  both  eyeballs  inward  lakes  place  when  the  axes 
of  \'isian  are  directed  to  a  ntar  object,  it  is  evident  that  iJhis  most  be  accompanied  involuntarily  by 
an  accommodation  of  the  eye  for  a  near  object. 

7.  Time  for  Accommodation. — A  person  can  accommo<lale  from  a  near  to  a  distant  object 
(which  depends  upon  relaxation  of  the  ciliary  muscle)  much  more  rapidly  than  conversely,  from  a 
distant  to  a  near  object  ( \  'ierordt,  Atby).  The  process  of  accommodation  rc^juires  a  longer  time  the 
nearer  the  ohHcct  is  brought  to  the  eye  (  Viirordl,  I'iiiders,  and  J/cnseH).  The  lime  necessary  for 
Ihc  image  reflected  from  the  anterior  surface  of  the  lens  to  change  its  place  during  accommodation 
In  less  than  that  required  for  subjective  accommodation  {Attbert  au*i  Angeimcci). 
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8.  Line  of  Acconiniod«tion. — When  the  eye  \*  placed  in  a  certain  position  during 
dation,  we  may  sec  not  oNf  point  aJonc  distinctly,  Imi  a  whole  series  of  points  lictiin*!  each  other. 
Ocrmak  called  ihe  line  in  which  thcM;  points  lie  the  /im«-  ■/  atcontmotiatitm.  The  more  ihe  rfe 
U  accommodated  for  a  distant  object  the  longer  tht>  line  becDmei.  All  objecti  placed  al  a  gicatcf 
distance  from  the  eye  than  60  to  70  metres  appear  equally  distinct  to  the  eye-  Tbe  line  becomes 
shorter  the  more  we  accDmniodnte  for  a  near  object.  1.  r  ,  when  we  accommodate  as  much  is  pos- 
sible for  a  near  object^  a  second  point  can  only  be  seen  indittindly  at  a  ikort  distance  behind  the 
object  looked  at. 

9.  The  nerves  concerned  in  the  mechanism  of  accommodation  are  referred  to  ander  Oculfm»' 

ttrritiS  (j  345,  and  again  in  {  704). 

Scheiner's  Experiment. — The  experiment  which  bears  the  name  of  Scheiner 
(1619)  serves  to  illustrate  the  refractive  action  of  the  lens  during  accommodation 

for  a  near  object  as  well  as  for  a  distant 
Fig.  471.  object.     Make  two  small  pin  holes  CS,j/) 

in  a  cardboard  (Fig.  471,  K,  Ki),  thehoJo 
being  nearer  to  each  other  than  the  diam- 
eter of  the  pupil.  On  looking  through 
these  holes,  S,  //,  at  two  needles  (/  and  r) 
placed  behind  each  other,  then  on  accom- 
modating for  the  near  needle  (/),  the  tu 
needle  (r)  becomes  double  and  inverted. 
On  accommodating  for  the  near  needle 
(/)»  of  course  the  rays  i)rocecding  from  it 
fall  upon  the  retina  at  the  focus  ( /,) ;  while 
the  rays  coming  from  the  far  needle  (r) 
have  tf/rftf/Zy  united  and  crossed  in  the  vit- 
\  I  p  I  rcous  humor,  whence  they  diverge  more  and 

more  and  form  two  pictures  (r^,  r^)  on  the 
\  I  \\  II  retina.     If  the  right  hole  in  the  cardboard 

I  J)  be  closed,  the  ie/t  picture  on  the  retina 
K  (z*^,)  of  the  double  images  of  the  far  needle 
disappears.  An  analogous  result  is  obuincd 
on  accommodating  for  the  far  needle  i  R). 
The  near  needle  (P)  gives  a  double  image 
(P,,  P,,),  because  the  rays  from  it  have  not 
yet  come  to  a  focus.  On  closing  the  ri)^ 
p  hole  {d^,  the  righi  double  image  (,P/|  du- 

*  appears  {PorterfitU).     When  the  eye  of 

the  observer  is  accommodated  for  the  wmt 
needle,  on  closing  one  aperture  the  douUc 
image  of  the  distant  point  disappears  on  that  side  ;  but  if  the  eye  is  accomtno- 
dated  for  the  distant  needle,  on  closing  one  hole  the  crossed  image  of  the  near 
needle  disappears. 

388.  REFRACTIVE  POWER  OF  THE  EYE— ANOMALIES 
OF  REFRACTION.— Far  Point— Near  Point.— The  limits  of  di&ciiicc 
vision  vary  very  greatly  in  different  eyes.  We  distmguish  the /!/• /»<•*"«/ [p.  r., 
punctum  retnotum]  and  the  near  [p.  p.,  punctum  proximumj;  the  lormer 
indicates  tht;  distance  to  which  an  object  may  be  removed  from  the  eye,  and  may 
still  be  seen  distinctly;  the  latter  the  distance  to  which  any  object  may  be  brought 
to  the  eye,  and  may  still  be  seen  distinctly.  The  distance  Ijetween  these  two 
points  is  called  the  range  of  accommodation.  The  types  of  eyeball  ait 
characterized  as  follows: — 

1.  The  normal  or  emmetropic  eye  is  so  arranged  when  at  rest  that  parallel 
rays  (Fig.  472,  r,  r)  coming  from  the  most  distant  objects  can  be  focusscd  on  the 
retina  (/;).  Thc/rfr  point,  therefore,  is  =  00  (infinity).  When  accommodatii^ 
,ts  much  as  possible  for  a  near  object,  whereby  the  convexity  of  the  lens  » 
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MYOPIC    AND   HYPERMETROPIC   EYES. 


CoDditioa  Qt  rtfncdon  in  the  normal >««»«  eya  Mid  duriag 


increased  (Fig.  472,  a),  rays  from  Fir,.  472. 

a  luminous  [)oint  placed  at  a  dis- 
tance of  5  inches  are  stiU  focussed 
on  the  retina,  i.e.^  ihe  near  point  is 
=  5  inches  (x  inch  =  27  mm.)- 
The  range  of  accommodaiion,  or 
['*M^  ran^e  of  distinct  visitm^*\ 
therefore,  is  from  5  inches  (lo-i  a 
cm.)  to  CO  . 

a.  The  short-sighted  (myopic 
or  long)  eyc(Fig.  473  }cannot,  when 
at  restj  bring  parallel  rays  from 
infmity  to  a  focus  on  the  retina. 
These  rays  decussate  within  the 
vitreous  humor  (at  Oj,  and  after 
crossing  form  a  diffusion  circle  upon 
the  retina.  The  object  must  be  re- 
moved  from  the  passive  eye  to  a 

distance  of  60  to  120  inches  (to/),  in  order  that  the  rays  may  be  focussed  on  the 
retina.  The  passive  myopic  eye,  therefore,  can  only  focus  divergent  rays  upon 
the  retina.     The  far  pmnt^  therefore,  lies  abnormally  near.     With  an    intense 

fort  at  accommodation,  objects  at  a  distance  of  4  to  2  inches,  or  even  less,  from 

Fig.  473. 


-/••«i.:^'* 


M)-oplc  «y«. 

the  eye  may  be  seen  distinctly.     The  near  pointy  therefore,  lies  abnormally  near; 
the  range  of  aeeommodation  is  diminished. 

Short-sightedness,  f>r  myopia,  usually  depends  apan  congenital,  and  frequently  hereditary, 
clongaiiun  of  (he  eyeball.  This  anomaly  of  tne  refractive  media  is  easily  correcled  liy  using  a 
diverging  leas  (concave),  winch  makes  parallel  rnys  divergent,  so  thar  they  can  ihcn  be  brought 
to  a  fucus  on  the  retina.  It  ii  remarkable  that  mo&t  children  are  myopic  when  they  are  horn.  This 
myopia,  however,  depends  upon  a  two-curvetl  condition  of  the  cornea  and  lens,  and  on  the  lens 
beinj;  too  near  to  the  cornea.  As  the  eye  grows,  (bis  Khnrt* sighted ncss  disappears,  Tlie  cause  of 
myopia  in  children  is  ascribed  to  the  continued  activity  of  the  ciliary  muscle  in  reading,  writing, 
etc.,  or  the  cootinned  coDvcrgcucc  of  the  eyeballs,  whereby  the  external  pressure  upon  the  eyebaul 
is  increased. 

3.  The  long-sighted  eye  (Fig.  474),  hypermetropic,  hyperoptic  f  flat  eye), 
when  at  rest^  can  only  cause  convergent  rays  to  come  to  a  focus  on  tlie  retina. 
Difitinct  images  can  only  be  formed  when  the  rays  proceeding  from  objects  are 
rendered  convergent  by  means  of  a  convex  lens,  as  parallel  rays  would  come  to  a 
focus  behind  the  retina  (at  /).  All  rays  proceeding  from  natural  objects  are 
either  divergent,  or  at  most  nearly  parallel,  never  convergent.  Hence  it  follows 
that  no  long-sighted  person,  when  the  eye  '\%  passive ^  />.,  is  negatively  accommo- 
dated, can  see  distinctly  without  a  convex  lens.  When  the  ciliary  muscle  con- 
tracts, slightly  convergent,  parallel,  and  even  slightly  divergent  rays  may  be 
focussed,  according  to  the  increasing  degree  of  the  accommodation.     The/rfr 
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Hypciroeiropk  eye. 


Fig.  474.  point  of  the  eye  is  negstive,  the  ntv 

point  abnormally  distant  (over  8  lo  80 
inches),  while  the  range  of  au^mm^ 
daiion  is  infinitely  great. 

The  cause  of  bypermetropia  is  almonaal 
diortneu  of  ihe  eye,  which  i»  g«n«nill]r  doe 
* /It^Sti*-^  H   lo    imperfect    development    in    all    dirccCkML. 
It  is  corrected  l>y  uung  a  convex  Ictis. 

[Defective  Accommodation. — 
In  the  presbyopic  eye,  or  long- 
sighted eye  of  old  people,  the  near 
}X)int  is  farther  away  than  normal^  but 
the  far  point  is  still  unaffected.  In  such  cases  the  person  cannot  see  a  near  object 
distinctly,  unless  it  be  held  at  a  considerable  distance  from  the  eye.  It  is  due  to 
a  defect  in  the  mechanism  of  accommodation,  the  lens  becoming  somewhat  Ilaiier» 
less  elastic,  and  denser  with  old  age,  while  the  ciliary  muscle  becomes  weaker. 
In  hypermetropia,  on  the  contrary,  the  mechanism  of  accommodation  tnay  be 
perfect,  yet  from  the  shape  of  the  eye  the  person  cannot  focus  on  his  retina  the 
rays  of  light  from  a  near  object.  In  presbyopia  the  range  of  distinct  vision  is 
diminished.  The  defect  is  remedied  by  weak  convex  glasses.  The  defect 
usually  begins  about  forty-five  years  of  of  age.] 

Estimation  of  the  Far  Point— Snellen's  Types.— In  order  to  determme  \hc  /dr  p^tmi  oi  so 

eye,  gradually  bring  nearer  lo  the  eye  objects  which  form  a  visual  angle  of  5  minutes  {f.  ^ .,  StKl- 
len'K  small  type  letlen,  or  the  mtdium  type,  4  to  8,  of  Jaeger),  until  tbey  can  be  seen  distinctly. 
The  distance  from  the  ere  indicates  the  far  point.  In  order  to  determine  the  far  point  of  a  mr*pk 
person,  place  at  20  inches  distant  from  the  eye  the  same  objects  which  give  a  visual  angle  of  5 
minutes,  and  aitcertain  the  e<mfave  lens  which  will  enable  the  person  to  see  the  objects  distinctly. 
To  estimate  the  near  ficint,  bring  small  objects  {e.  g.,  the  Rnest  print),  nearer  and  nearer  to  the  ere. 
until  it  finally  becotnes  indistinct.  The  distance  at  which  one  can  stilt  see  distinctly  indicate!  the 
far  point. 

Optometer. — The  optometer  may  also  be  used  to  determine  the  mar  »x%A  far  fioimts.  A  anuU 
object,  /.  g.,  A  needle,  is  so  arranged  as  to  be  movable  along  a  scale,  along  which  the  eye  lo  be  in- 
vcstignted  can  look  as  a  person  looks  along  the  sight  of  a  rifle.  The  needle  is  moved  as  ncai  ■• 
possible,  and  then  removed  as  far  ax  possible,  in  each  case  as  long  as  it  is  seen  distinctly.  "Die  dis- 
tance of  the  near  and  far  point  and  the  range  of  accommodation  can  be  read  ufT  directly  npoa  the 
scale  {Cra/e). 

3Bg.  THE  POWER  OR  FORCE  OF  ACCOMMODATION.— Force  of  Accomnoda 

tion.— The  range  of  accommodation,  which  is  easily  determined  experimentally,  docs  not  l;y  itscU 
detennine  the  proper  poiver  ot  /one  of  accommodation.  The  measure  of  the  latter  depends  upon  the 
mechanital  uvrjt  done  by  the  muscle  of  accommodation,  or  the  ciliary  muscle.  i.>f  ooune,  lliis 
cannot  be  directly  determined  in  the  eye  itself.  Hence  this  force  is  measured  by  the  ef>tieat  ^Ht» 
which  results  in  conse^]uence  of  the  change  in  the  shape  of  the  lens,  brought  about  by  the  eoefgy  of 
the  comraclmg  muscle. 

In  the  normal  ejre,  during  the  passive  condition,  the  rayi  coming  from  infinity,  and,  thcrel<are, 
parallel  (which  are  dotted  in  Fig.  475),  are  focussed  upon  the  retina  at  /.  If  rays  coming  frooi  a 
distance  of  5  inches  (p.  773]  are  to  be  focuased,  the  whole  availat>Ie  cnei^'  of  the  ciliary  muscle 
roust  be  brought  into  play  to  allow  the  lens  to  become  more  convex,  so  that  the  rays  may  L<e  brnvghl 
10  a  focus  at  f.     The  energy  of  accommudation,  therefore,  produces  an  optital  effe,  /  in  as  (ar  as  it 

increases  the  convexity  of  the  uiteiior 
Fig,  475,  surface  of  the  passive  tens  (A).  ^7  the 

amount  indicated  by  D.  I*racEically, 
we  may  regard  the  matter  as  if  a  ae« 
convex  lens  (B)  were  added  to  the  ea- 
isting  Convex  lens  (A).  What,  tbcrt- 
fore,  must  be  the  fcKral  distance  of  ttke 
lens  (B)  in  order  that  rays  tQmttx% 
from  the  near  point  (5  inches)  nay  W 
focuased  utx>n  the  retina  at  /?  Kvi- 
denily  the  lens  H  mtu4  make  the  diverg- 
ing rays  coming  faxim  /  pacmllcL.  and 
then  A  can  focus  them  at  /.     COovei 
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leiues  cause  those  rays  proceeding  from  their  focal  pointi  lo  pass  out  at  the  other  side  asnarallel 
rays  (?  385,  I).  In  our  case,  therefore,  the  lens  must  have  a  focal  distance  af  5  inches.  The  nor- 
mal eye,  Iherefore.  with  the  far  point  .=  00,  and  ihe  near  point  ^  5  inches,  has  a  power  of  accora- 
modaiioD  equal  to  a  lens  of  5  inchci  focal  distance.  When  the  lens  by  (he  energy  of  accommoda- 
tion is  rendered  more  powerfully  refractive,  the  increase  ( B)  can  readily  be  eliminaied  by  placing  be- 
fore the  eye  a  con^avf  lens  which  possesses  exactly  the  op[x>site  optical  effect  of  the  increase  of  ac- 
commodation (B).  Hence,  it  follows  that  it  is  pn^sible  to  indicate  the  power  (force)  of  accommo- 
dation  of  the  eye  by  a  lens  of  a  defmite  focal  distance,  i>,  by  the  optical  elTcct  produced  by  the  latter. 
Therefore,  according  lo  Donders,  the  measure  of  the  force  of  accommodation  of  the  eye  i«  the 
reciprocal  value  of  the  focal  distance  of  a  concave  lens,  which,  when  placed  before  the  accommo- 
dated eye,  so  refracts  the  rays  of  li^ht  coming  from  the  near  point  (/]  as  if  they  came  from  the  far 
point. 

Example.— We  may  calculate  the  force  of  the  accommodation  according  to  the  following  for- 

f.^.,  the  force  of  accommodation,  expressed  as  the  dioptric  value  of  a  lens  (of  .r 


5,  i.  £.,  it  is  equal  to  a 


lens  of  5  inches  focal  distance.     In  a  myopic  cyt,p  =  4,  r 


/  :=  4,  r  =  w  ,  the  other,  ^  =  2,  r 


so  that  -  r=  -  - 


1.^..    X    ;=. 


mula:  -  r^ 

inch  focal  distance),  is  equnl  to  the  dtHereQce  of  the  reciprocal  valuesof  the  distances  of  the  near 
point  (/)  and  of  the  fnr  point  (r)  of  the  eye.     In  the  emoutropic  eye,  as  already  mentioned,  /  ^  5, 

r  =^  00.     Its  force  of  accommodation  is,  therefore,  -  :=  —  >,  so  that  * 

X       p     a 

\ 

X      4     Ta 

6.  In  another  myopic  eye,  with  >*  =  4  and  r  ^  20,  then  jt  =  5,  which  is  a  normal  force  of  accom- 
modation. Hence,  it  is  evident  that  two  different  eyes,  possessing  a  very  different  ran);e  of  accom- 
modation, may,  nevertheless,  have  the  same/^rtvof  accommodatioo.  Example. — The  one  eye  has 

4.     In  btxh  cases.  -   =  -,  so  that  Ihe  force  of  accommoda- 
X       4 

tion  of  both  eyes  is  equal  to  Ihe  dioptric  value  of  a  lens  of  4  inches  focal  distance.  Conversely,  two 
eyes  may  have  the  same  range  of  accommodation,  and  yet  their  force  of  accommodation  he  very 
unequal.     Example. — The  one  eye  has/  .=  3,  r  ^  6;  the  other/  :=  6,  r  =  9.     Both,  therefore, 

have  a  range  of  accommodation  of  3  iDches.     For  these,  the  force  of  accommodation,  -  =  -->, 

jr=:6:  and  -.=  ---,  x=  18. 
X       6     9 

Relation  of  the  range  to  the  force  of  accommodation.— The  j^enerai  law  is,  that  the  rangti  of 
accommodation  of  two  eyes  being  equally  great,  then  ihti^s  forces  of  accommodation  are  equal,  pro- 
vided that  their  near  points  are  the  same.  If  Ihe  ran^'cj  of  accommodation  for  both  eyei  are  equally 
great,  but  ihcir  near  points  une(|ual,  then  the/orcfi  of  accjmmodocion  are  also  unequal— the  loiter 
being  ijreaier  in  the  eyes  with  the  smallest  near  point.  This  is  due  to  the  fact  that  every  difference 
of  distance  near  a  lens  ha*  a  much  greater  effect  upon  the  image  compared  with  differences  in  the 
distance  /ar  from  a  lens.  The  emmetropic  eye  can  sec  distinctly  objects  at  60  to  70  metres,  and 
even  to  inhnily,  without  accommodation. 

While  /  and  r  may  )>e  directly  estimated  in  the  emmetropic  and  myopic  eyes,  this  is  impossible 
with  the  hy|>ermctropic  (long-sighted)  eye.  The  far  point  in  the  latter  is  negative,  indeed  in  every 
pronounced  hypcrraelropia  even  the  near  point  may  be  negative.  The  Ear  iKtint  may  be  estimated 
by  making  the  hypermetropic  eye  practically  a  normal  eye  by  using  suitable  convex  lensei.  The 
rtrlafh'c  near  point  may  then  be  determined  by  means  of  the  lens. 

Even  from  Uie  15th  year  onward,  the  power  of  accLinmodation  is  generally  diminished  for  near 
objects  —perhaps  this  is  due  to  a  diminution  of  the  elasticity  of  the  lens  {Donders). 

390.  SPECTACL.es. — The  focal  distance  of  concave  (diverging)  as  well  as  convex  (converg- 
ing) spectacles  depemh  u^xjn  the  refractive  index  of  tlic  glass  (usually  3 : 2),  and  on  the  length  of 
the  radius  of  curvature.  If  the  curvature  of  both  sides  of  the  lens  is  the  same  {biconcave  or  bicon- 
vex), then  with  the  ordinary  refractive  index  of  glass  the  focal  distance  is  the  same  as  the  radius  of 
curvature.  If  one  surface  of  the  lcni>  is  plane,  then  the  focal  di^ancc  is  twice  as  great  as  the  radius 
of  the  spherical  surface.  Spectacles  are  arranged  according  to  their  focal  Jistance  in  inches,  but  a 
lens  of  shorter  focal  distance  than  I  inch  is  generally  not  used.  They  may  also  be  arranged  accord- 
ing to  their  refractive  power.  In  this  case  the  refractive  power  of  a  lens  of  i  inch  focus  is  taken 
as  the  unit.  A  lens  of  3  inches  focus  refracts  light  only  half  as  much  as  the  unit  measure  of  1  inch 
focus;  a  lens  of  3  inches  focus  refracts  W  as  strongly,  etc.  This  is  the  case  both  with  convex  and 
concave  lenses,  the  latter,  of  course,  having  a  negative  focal  distance ;  thus,  "  concave — ^^  "  indi- 
cates that  a  concave  lens  diverges  the  rays  of  light  one-eighth  as  strongly  as  the  concave  lens  of  i  inch 
(negative)  focal  distance. 

Choice  of  Spectacles. — Having  determined  the  near  point  in  a  myopic  eye.  of  course  we  re- 
quire lo  render  parallel  the  divergent  rays  coming  from  the  far  point,  just  as  if  they  came  from  intln- 
ily.  This  is  done  by  selecting  a  concave  lens  of  the  focal  distance  of  the  far  poini.  The  [jreatesi 
disUnce  is  the  for  point  of  the  emmetropic  eye.  Suppose  a  myopic  eye  with  a  far  point  of  6  inches, 
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lens  of  6  inches  focus  to  enable  him  to  »ec  <V 


the 


then  such  a  person  requires  a  con^aiv 
^ic.\tcA  distance.  Thus,  in  a  myopic  eye,  the  distance  of  ihe  far  p>oint  fr.>m  (he  eye  is  .«! 

lo  the  fuciisuf  the  (wcakc!^t)  concave  lens,  which  enables  one  to  sec  distinctly  otijcctt  a:  :...  ^.. ..:c*t 
distance.  These  lenses  generally  have  the  same  number  oi  the  sjiectacles  re<|uired  to  correct  the 
defect.  Example. — A  myopic  eye  with  a  far  point  of  8  inches  re(]uircs  a  cnfuaif  Icni  of  ft  inches 
focus,  i.r.,  the  concave  spectacle,  No.  8.  For  the  hypermetropic  (long-sighted)  eye,  the  fool  dis- 
tance of  the  strongest  convex  lens,  which  ennljles  the  hy|<crmetrupic  eye  to  see  the  most  distant 
objccls  distinaly,  is  at  the  same  time  the  distance  of  the  far  point  from  the  eye.  Bxatnplc. — A 
hypermetropic  eye  which  can  sec  the  most  distant  objects  with  the  aid  of  a  convex  lens  of  ti  mcbcs 
focus  has  a  far  point  of  12;  the  pro]>cr  spectacles  is  convex.  No.  12. 

[Dioptric— The  focal  length  of  a  lens  used  to  be  expressed  in  inches,  and  as  the  unit  «as  taken 
as  I  inch,  necessarily  all  weaker  lenses  were  exprcs&ed  in  fractions  of  an  inch.  In  the  m«tbnd 
advocated  by  Dondcrs,  the  standard  is  a  lens  of  a  focal  distance  of  1  metre  {33.337  English  inches, 
about  40  inches),  and  ihis  unit  is  called  a  dioptrit.  Thus,  the  standard  is  a  weak  lens,  to  thai  tlte 
stronger  tenses  are  multiples  of  this.  Thus,  a  lens  of  2  dioptrics  is  =  one  of  altout  30  incbei 
focus;  10  dioptrics  =  4  inches  focus;  and  so  on.  The  lenses  are  numbered  from  No.  1, 1.  r,  1 
dioptric,  onward.  It  is  convenient  to  use  signs  instead  of  the  words  convex  and  concave.  Fee 
convex  the  sign  plus  -f-  is  used,  and  for  concave  the  sign  minus  — .  Thus,  a  -f-  4.0  means  a  coovcs 
lens  of  4  dioptrics,  and  a  —  40  =  a  concave  lens  of  4  dioptrics.] 

In  all  cases  of  myopia  or  hypermeiropia  the  jierson  ought  to  wear  the  propjcr  spectacles.  Id  a 
myopic  eye,  when  the  far  point  is  stili  more  than  5  inches,  the  palieitt  cnight  always  to  wear  i{KC- 
tflcles;  but  generally  the  working  distance,  e.  g.,  for  reading,  writing,  and  for  handicrafts,  ts  aboil 
12  inches  from  the  eye.  If  the  person  desires  to  do  finer  work  (etching,  drawing),  requirine  ifce 
object  to  be  brought  nearer  to  the  eye,  so  as  lo  obtain  a  larger  image  open  ibe  retina,  (hen  he  imwU 
either  remove  the  >pectacles  altogether  or  use  a  weaker  pair. 

The  hypermetropic  person  ought  to  wear  his  convex  spectacles  when  looking  at  a  near  object, 
and  especially  when  the  illumination  is  feeble,  because  then,  owing  to  the  dilntalion  of  the  pupiK  the 
diffusion  circles  of  the  eye  tend  to  become  very  pronounced.  It  is  advisable  lo  wear  at  lirst  coovei 
spectacles  which  are  slightly  too  strong.  Cylindrical  lenses  are  nrferred  to  under  .-f^iv~Ma/V««. 
Spectacles  provided  with  dull-culored  or  blue  glas&es  arc  u&cd  to  protect  the  retina  when  the  ligfci 
is  too  intense.  Stenopaic  spectacles  arc  narrow  diaphragms  placed  in  front  of  the  eye,  wbidi 
cause  it  to  move  in  a  dehnite  direction  in  order  to  see  through  the  opening  of  the  diaphragm. 

391.  CHROMATIC  AND  SPHERICAL  ABERRATION,  ASTIG- 
MATISM.—Chromatic  Aberration. — .Ml  thr  rays  of  7i>hiie  linht,  which 
undergo  refraction,  arc  at  the  .same  lime  broken  up  by  dispersion  into  a  bundle  of 
rays,  which,  when  they  are  received  on  a  screen,  form  a  spectrum.  This  is  due 
to  the  fad  that  the  different  colors  of  the  S|x*ctrum  possess  different  degrees  of 
refrangibility.     The  violet  rays  are  refracted  most  strongly,  the  red  rays  Ica^C. 

A  while  point  on  a  blaclc  ground  does  not  form  a  sharp  simple  image  on  the  retina,  but  manf 
colored  points  appear  after  each  other.  If  the  eye  is  accommodated  so  strongly  as  to  focus  ibf 
violet  rays  to  a  sharp  image,  then  all  the  other  colors  must  form  concentric  dilTusion  circles,  whick 
become  larger  toward  the  red.  In  the  centre  of  all  the  circles,  where  all  the  colors  of  the  spcanna 
are  superposed,  a  white  |mint  is  produced  by  their  mixture,  while  around  it  arc  pbccd  the  ooloieH 
circles.  The  distance  of  the  focus  of  the  red  rays  from  that  of  the  violet  in  the  eye  :—  0.5K  to  0.63 
mm.  The  focal  distance  for  red  is,  according  to  v.  Ilcltnholt/,  for  the  rcluced  eye,  20.524  mm-: 
for  violet,  20.140  mm.  Mence  the  near  and  far  {mints  for  violet  light  are  nearer  each  other  tbaa  ia 
the  case  of  red  tight;  white  objects,  therefore,  appear  reddish  when  beyond  the  far  point,  bai  «lwa 
nearer  than  the  near  point  they  are  violet.  Hence  the  eye  must  accommodate  more  stronely  V» 
red  rays  than  for  violet,  so  that  we  judge  red  objects  to  be  nearer  us  than  violet  objects  placed  al  ao 
equal  distance  {BrUcke), 

Monochromatic  or  Spherical  Aberration. — Apart  from  the  decomposition  or  dtspcnioa  of 
white  light  into  its  compnncntK,  the  rays  of  while  light,  proceeding  from  a  point  if  trmnsoiited 
through  refractive  spherical  surfaces,  we  find  that  before  the  rays  are  again  brought  to  a  fncui.  the 
marginal  rays  are  more  strongly  refracted  than  those  passing  through  the  central  \^ns  of  the  ton. 
Hence  there  is  nut  one  focus,  but  many.  In  the  eye  this  defect  is  naturally  corrected  by  the  iVu. 
which,  acting  as  a  diaphragm,  cuts  off  the  marginal  rays  (Fig.  465),  especially  when  the  lens  is 
most  Convex,  when  the  pupil  alMH  is  most  conlracteii.  In  a<idiiioo.  the  margin  of  the  lens  bis  Idi 
refractive  power  than  the  central  substance;  lastly,  the  margins  of  the  refractive  spherical  swteas 
of  the  eye  are  lcs«  curved  toward  their  margins  than  the  parts  lying  nearer  to  the  optical  aaiL 
Comjare  the  form  of  the  {omfn  (p.  750)  and  the  lens  (p.  757). 

Imperfect  Centring  of  the  Refractive  Surfacea. — Tlie  sharp  projection  of  an  image  ts  soae- 
what  interfered  with  by  the  fact  that  the  refractive  aurCaces  arc  not  exactly  centred  ( BrSiJtt),  Thm^ 
the  vertex  of  the  cornea  is  not  exactly  in  the  termination  of  the  optic  axis;  the  verticcsof  Inlfc 
surfaces  of  the  lens,  and  even  the  dilTercnt  layers  of  the  lens  itself,  are  not  exactly  in  the  optic  uia. 
The  variations,  huwever,  and  the  di»turbances  produced  thereby,  arc  very  small  indeed. 
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Regular  ABtigmatlsm.—When  ihe  curvaiure  of  th«  refractive  sarfaces  of  the  eye  U  unequally 
peat  in  it&  different  mcridiiuis,  of  cour&c  the  rays  of  Hjjlit  cannot  be  united  or  fociissed  in  one  point, 
(.tenerally,  in  such  cases,  the  cornea  it,  more  curved  in  its  vertical  meridian  and  least  in  the  hori- 
zonul  {as  is  shown  by  ophlhalmometric  meosuremems,  p-765).  The  rays  poising  through  the 
vertical  meridian  come  lo  a  focus,  rfrj/,  in  a  horizontal  focal  line;  while  the  rays  entering  horieon- 
tally  unite  aherward  in  a  venical  Unc.  There  is  tlius  no  common  focus  for  the  lij^ht  ray*  in  the 
eye;  hence  the  name  astigmaiinn.  The  lens,  also,  is  une<)ually  curved  in  its  meridians,  but  it  is 
Ihc  reverse  of  the  cornea;  consequently,  a  part  of  the  inequality  of  the  curvature  of  the  cornea  is 
thereby  compensated,  aud  only  a  part  of  it  affects  the  rays  of  light.  The  emmetropic  eye  has  a  z/fty 
j//^4/ degree  ol  this  ineijuality  (normal  astigmatism).  If  two  very  fine  lines  of  equal  thickness  be 
drawn  on  while  paper,  so  as  to  intersect  each  other  at  right  angles,  it  will  be  found  that,  in  order  to  see 
Uk  horizontal  line  quite  sharply,  the  paper  must  be  brought  slightly  Dearer  to  the  eye  than  when 

F:g.  476. 


n 


f'» 


6    i     i       Oo- 

Aaion  of  an  aAii^matie  wtufmoB  on  a  cooe  of  light  {Prgtf^. 


Fic.  477. 


focus  the  vertical  line.     When  the  inequality  of  curvature  of  the  meridians  is  considerable,  of 
exact  vision  is  no  longer  [loiuible. 

[Fig.  476  shows  the  effect  of  .in  astigmatic  surface  on  the  rays  of  light.  Let  a  6  c  J\ie  such  a 
surface,  and  suppose  diverging  rays  to  proceed  from/.  The  rays  pa<^sinK  through  ^  i/ come  to  a 
focns  at/,,  while  those  passing  through  the  vertical  meridian  are  focusscd  at/j.  Tlie  outline  of 
the  cone  of  rays  t»etwccn  a  h  c  d  and/j  varies,  as  shown  in  the  figure.  At  a  certain  part  i(  is  oval, 
with  its  axis  vertical,  a(  another  the  long  axis  of  the  oval  is  horizontal,  while  at  other  places  it  is 
circular,  or  the  rays  arc  focussed  in  a  honzontal  or  vertical  line] 

Correction. — This  condition  is  corrected  by  a  cylindrical  lens,  i.e.^  a  lens  so  cut  .as  to  be  with- 
out curvature  in  one  direction,  white  in  the  other  direction  (vertical  to  the  former)  it  i<  curved. 
The  lens  is  placed  in  front  of  the  eye,  so  that  the  direction,  of  its  curv.iiure  coincides  with  the 
direction  of  Irnsl  curvature  of  the  eye  {v.  Helmkolts^  Knapp,  Danders], 
The  section  i'  a  6  r  J  of  Ihe  cylindrical  lens  ( Fig.  477)  represents  a  plano- 
conrex,  the  section  C  a  (i  y  A,  a  concavo-convex  lens. 

[Test. —  Draw  to  lines  of  equal  thickness  at  right  angles  to  each  other. 
'An  astigmatic  person  cannot  see  both  lines  with  equal  distinctness  at  the 
same  time,  one  line  will  appear  thicker  than  the  other.  Or  a  series  of  lines 
radiating  from  a  centre  may  be  used  lasti^niatic  clock) ;  when  that  line 
which  is  parallel  lo  the  astigmatic  meridian  will  be  seen  most  distinctly ; 
while,  with  the  vertical  meriillan  most  curved,  it  would  be  the  vertical 
Ibe.] 

Irregular  Astigmatism. — Owing  to  the  radiate  arrangement  of  the 
fibres  in  ibe  interior  of  the  crystalline  lens,  and  in  consequence  of  the 
unequal  course  of  the  fibres  within  the  different  parts  of  one  and  /A^  same 
tftenJian  of  the  lens,  the  rays  of  light  passing  through  one  mcriiHan  of 
the  lens,  cannot  all  be  brought  to  one  focus.  Hence,  we  do  not  olitain  a 
distinct,  sharp  image  of  distant  luminous  )x>inis,  such  as  stars  or  street 
lamps,  but  we  sec  a  radiate  jagged  figure  provided  with  rays.  The  same 
obtains  on  holding  a  piece  uf  cardboard  with  a  small  hole  in  it  toward 
the  light,  nt  a  distance  from  the  eye  slightly  greater  than  the  far  point. 
Slight  degrees  of  ibis  irregular  astigmatism  are  normal,  but  when  it  is 
higlUy  developed  it  greatly  in'crfercs  with  vision,  by  forming  sei'erai  foci 
of  an  object  instead  of  one  Polyopia  monocularis).  Of  course  this  condition  cannot  obtain  in 
an  eye  devoid  of  1  lens. 

393.  THE  IRIS.— Functions. —  t.  The  iris  acts  like  a  diaphragm  in  an 
optical  apparatus  by  cutting  off  the  marginal  rays  (Fig.  465),  which,  if  they 
entered  the  eye,  would  cause  spherical  aberraiion^  and  thus  produce  indistinct 
■vision. 


Cylindrical  glasses  for  lutlg' 
DiAtum. 


776 


MOVEMENTS  OF  THE   IRIS. 


3.  As  the  pupil  contracts  strongly  in  a  bright  light,  and  dilates  when  the  light 
is  feeble,  it  regulates  the  amount  of  light  entering  the  eye;  thus  fewer  rays 
enter  the  eye  when  the  light  is  strong  than  when  it  is  feeble. 

3.  To  a  certain  extent  it  supports  the  action  of  the  ciliary  muscle. 

Muscles  and  Nerves. — The  iris  is  provided  with  two  sets  of  muscular  fihret 
— the  sphincter,  which  immediately  surrounds  the  pupil  and  is  supplied  by  the 
oculomutorius  {%  345,  2),  and  the  dilator  pupiUse  (p.  7^4),  supplied  chietly  by 
the  cervical  sympathetic  (§  356,  A,  i),  and  the  trigeminus  (§  347,  3).  Both 
muscles  stand  in  an  antagonistic  relation  to  each  other  (§  345)1  the  pupil  dilates 
moderately  after  section  or  paralysis  of  the  oculomotorius,  owing  to  the  contrac* 
tion  of  the  dilator  fibres  which  are  supplied  by  the  cervical  sympathetic  ;  con- 
versely, the  pupil  contracts  when  the  sympathetic  is  divided  or  extirjtated  {PttU, 
1727)-  When  both  nerves  arc  stimulated  simultaneously,  the  pupil  contracts,  » 
that  the  excitability  of  the  oculomutorius  overcomes  the  sympathetic 

[The  existence  of  a  dilator  pupilliE  muscle  is  not  universally  recogaixe<l,  and  in  fad  Moe 
ubscn-ers  doubt  its  existence.  The  muscukr  nature  of  the  radial  fibres  in  ihe  pcwterior  limiiinf 
membrane  of  the  iris  is  denied  l>y  Grilnhagen,  while  Koganei  regards  these  as  in  no  caic  mu«cuUf, 
and  that  the  dilating  fibres  arc  represented  by  fibres  radiating  from  the  iris.  These  fibres  ate  well 
developed  in  birds  and  the  utter,  exist  m  traces  in  the  rabbit,  and  arc  abacDt  in  maa.  Gasltell 
points  nut  lh.it  in  this  case  the  size  of  the  pupil  must  in  part  depend  on  the  elastici'y  of  the  rvduJ 
Abres  of  the  iris,  while  the  dilator  nerve  nbres  must  act  on  the  sphlnaer  fibres,  caosing  ihe«i  lo 
relax.  Ga^ikktll  groups  tlie  sphincter  of  the  iris  with  those  muscles  "  supplied  by  two  nerves  of  0)^)Q- 
site  character,  the  one  motor  the  other  Inhibitory.''! 

Nerves. — Amstein  and  A.  Meyer  have  studied  the  mode  of  lenninaiion  of  the  nerve  filiret  Km 
llie  iris.  All  the  medullate<l  nerve  fibres  lose  their  white  sheaths  after  a  time ;  most  of  the  hbres 
{motor^  io  the  region  of  the  sphincter  consist  of  naked  bundles  of  fibrils.  A  network  of  very  deli- 
caic  tentoty  nerves  lies  under  the  anterior  epithelium.  Numerous  6brils  pass  lo  the  capillaries  and 
arteries  as  vasomotor  nervts.     [Many  ganglionic  cells  are  intercalated  in  the  counc  of  the  libre*.] 

Movements  of  the  iris  occur  under  the  following  conditions: — 

I.  Action  of  light  on  the  retina  causes  (according  10  its  intensity  and  amount)  a  carrta^abA* 
ing  contraction  of  the  pupil ;  the  same  effect  is  produced  by  sttmulaiion  of  the  optic  nervt  itwtf 
{Herbert  Mayo,  f  1S53).  This  movement  is  a  reflex  act  [the  afferent  nerve  beinc  the  opiic  %fA 
the  efferent  the  oculomolonus;  the  impulse  is  transferred  from  the  former  lo  the  latter  tn  a  ecatre 
situated  somewhere  below  the  cor|iora  quadrigemiim  (Fig.  47S.  C)].  The  older  cJjservers  locBe 
Ihe  centre  in  the  corpora  quadrigemina,  the  recent  olMervers  in  (he  medulla  oblongata  (p-7J7). 
Both  pupils  always  react,  allhuugri  only  one  retina  \x.  stimulated;  generally,  under  normal  amun 
stances  both  contract  to  the  same  extent  {Donden),  owing  to  the  inlercenlnii  communicttKin 
[coupling]  of  the  two  pupillo-constricting  centres.  [I'his  is  called  consensual  contraction  of  tbt 
pupil.}  After  section  of  the  optic  nerve  t}ic  pupil  dilates,  and  subsequent  section  of  the  oculono* 
tonus  no  longer  produces  any  furlber  dilatation  [h'nolt  ). 

a.  The  centre  for  the  dilator  fibres  of  the  pupil  (pupillo  dilating  centre^  is  excited  by  Jytf- 
Mtric  blood  {\  367.  8).  If  the  dyspncra  ultimately  passes  into  asphyxia,  the  dilalahon  of  ihe  pupil 
diminishes.  Of  course,  if  the  peripheral  dilating  fibres  (2  247,  3)  \fg;  the  sympathetic  ncm  in 
the  neck]  be  previously  divided,  thlj  effect  cannot  take  place,  as  the  dyspooek  blood  acts  oo  tbc 
centre  and  not  on  the  nerve  fibres. 

3.  The  centre,  as  well  as  the  subordinate  **  cilio-spinol  region  "  of  the  spinal  cord  ((  j6l,  l). 
ii  also  capable  of  lieing  excited  reflexly;  painful  stimulation  of  sensory  nerves,  in  addition  to 
causing  protrusion  of  the  eyeballs  (^  347).  a  fact  proved  in  the  case  of  persons  subjected  in  tonuit, 
produces  dilolatiun  of  the  pupits  {^Arndt,  JierMard,  Westphal,  Luchsim_\;er) ;  while  a  similar  c€vd 
IS  caused  by  labor  pains,  a  loud  coll  in  the  ear,  stimulation  of  the  nerves  of  the  sexual  organs,  and 
even  by  shghl  tactile  impressions  (/i>J  andSchiff\.  According  to  Bcchtercw,  the  fi>rqgDUi|{  rcBuJti 
are  due  lo  inhibition  of  the  light  reflex  in  the  sense  expressed  in  \  361,  3. 

4.  The  condition  of  the  blood  vessela  of  the  iris  intluences  the  size  of  the  pupil ;  all  condi- 
tions causing  injection  or  congestion  of  these  vessels  contract  the  pupil,  all  condition*  diminishifif 
them  dilate  it.  The  pupil,  therefore,  is  contracted  \vj  farced  expiration,  which  prevents  ihc  return 
of  venous  blood  from  (he  head,  mumcnlorily  by  every /•«/!/ ^/a/,  owing  to  the  diastolic  filtinc  of 
the  arteries:  diminution  of  the  intfaoiular presmre,  e.  g.,  after  puncture  of  the  anterior  chanDU. 
because,  owing  to  the  diminished  intraocular  pressure,  there  is  less  resistance  lo  the  passage  of  blood 
into  the  blood  vessels  of  the  iris  {Heusen  and  I'^Uhers) ;  paralysis  of  the  vasomotor  fibres  of  the 
iris  {\  347.  .3).  Conversely,  the  pupil  is  dilated  by  conditions  tlie  reverse  of  those  already  meit* 
lioned,  and  also  by  strong  muscular  exertion^  whereby  blood  flows  freely  into  Ihe  dilated  mttscaUr 
blood  vessels ;  also  when  death  takes  place.  The  condition  of  the  filling  of  the  blood  veseb  olio 
explains  the  fact  that  the  pupil  dilated  with  atro}>in  becomes  mailer  when  a  part  of  the  sjinfMlheik 
io  the  upper  cervical  ganglion,  carrying  the  vasomotor  fibres  of  the  iris,  it  excised  \  *Uo,  thlu  aftei 
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extirpation  of  this  gan{flion  atr<>i>in  alwnys  causes  a  less  diminution  of  the  pupil  on  this  side.  The 
fact  that  when  the  piipit  is  already  dilated  by  stimulation  of  the  sympathetic,  it  is  further  dilated  by 
oiropin,  i«t  due  to  a  diminished  injection  of  the  blood  vessels  of  the  iris.  If  an  animal  with  its  pupiU 
dibxed  with  atropin  be  rapidly  bled,  the  pupils  contract,  owing  to  the  annmic  stimulation  of  the  origin 
of  the  oculomotorius  {Aforif^a).  The  dilatation  of  the  pupils  observed  in  cases  of  neuralgia  of 
the  trigeminus  is  partly  due  to  the  stimulation  of  the  dilating  fibres,  partly  to  the  stimoliuion  of  the 
vmsomotnr  hbi^rs  of  the  iris  (^  347,  2). 

5,  Contraaion  of  the  pupil  occurs  as  an  associated  movement  during  lUiommcdaiion  for  a 
near  object  (p.  769),  and  when  the  eyfbaUs  art  rolaud  inWiiri/,  which  is  the  case  during  iUtf 
(p.  708).  Conversely,  intense  movements  of  the  iris,  caused  by  variations  in  the  brightncM  of 
dflziling  illumination,  /.,^'.,  of  the  electric  light,  are  followed  by  disturbing  associated  movements 
of  the  ciliary  muscle  {Ljubinsky).  In  certain  movements  discharged  from  the  medulla  oblongau 
(forced  respiration,  chewing,  swallowing,  vomiling),  dilatation  of  the  pupil  occurs  as  a  kind  of  aiso' 
ciaftd  miTvmeni. 

[Argyll  Robertson  Pupil. — In  this  condition  the  pupil  docs  not  contract  to  light,  although  it 
contracts  when  tlic  eye  is  accommodnicd  lor  a  near  object,  vision  usually  being  normal.  The  lesion 
is  situated  on  thot^  siniciures  connecting  the  afTerent  and  efferent  fibres  at  Itieir  central  ends  (at  ^ 
in  Fig.  478).  I.  t.y  the  connection  between  the  corpora  quadngcmina  and  the  oculomotorius.  It  is 
most  freijucntly  found  in  locomotor  ataxia,  although  it  also  occurs  in  progressive  paralysis  of  the 
insane.] 

Direct  stimulation  at  the  margin  of  (he  cornea  causes  dilatation  of  the  pupil  {E.  //.  H''eier)\  in 
fact,  direct  stimulation  of  circumscribed  areas  of  the  margin  of  the  iris  causes  partial  contraction  of 
the  dilator  fibres  {BermUiH  and  Dof^fi).  Stimulation  near  the  centre  of  the  cornea  contracts  the 
pupil  {E.  M.  Wfhtr).  In  addition,  wc  must  assume  that  the  iris  itself  contains  elements  tliat  in- 
fluence the  diameter  of  the  pupil  {Si^^.  Mayer  and  Pribram). 

Our  knowledge  of  the  action  of  poisons  on  the  iris  is  still  very  obscure.  1'hose  substances 
which  dilate  the  pupil  arc  called  mydriaticSr  ^.  ^.,  atropin,  homatiopin,  dubotsin  {Tw*idy,iK 
liainer)^  daiurin,  and  hyoscyamin.  They  act  chietly  hy  piirnlyzing  the  ocuiomolorius.  Bui,  in 
addition,  there  must  be  also  an  cHect  upon  the  dilating  fibres,  for  after  complete  paralysis  (section) 
of  the  oculomotorius.  the  moderate  dilatation  of  the  pupil  thereby  produced  (}  345,  5)  is  still  further 
increa-icd  by  airopin.  Minimal  doies  of  atmpin  contract  the  pupil,  owing  to  stimulation  of  the 
pupi I lo- constrictor  fibres  ;  enormous  dose*  cause  moderaic  dilataiion  of  the  pupil  in  consequence  of 
paralysis  of  the  dilating  as  well  as  of  the  constricting  nerve  fibres.  Atropin  acts  after  destruction 
of  the  ciliary  f  ophthalroicl  ganglion  [Hensen  and  I'^ieters)  [and  division  of  all  the  nerves  except 
the  optic],  and  in  the  excise<l  eye  {De  A'uyter,  JiaUmann),  [ao  that  airopin  is  a  local  mydriatic. 
In  moderate  doses  it  paralyses  the  nervous  termina- 
tions of  the  third  nerve  (but  not  in  birds  whose 
iris  contains  striped  muscle),  and  in  larger  doses 
it  also  paralyzes  the  muscular  fibres].  \^CoeaiNe, 
or  cucaine,  is  obtained  from  the  leaves  of  Ery- 
throxylon  coca.  When  applied  locally  It  acts  as  a 
powerful  local  aiuesthciic,  and  hence  it  is  very 
useful  for  operations  about  the  muco  cutaneous  ori- 
fices. A  4  per  cent,  solution  dropped  into  the  eje 
produces  complete  insensibility  of  the  cornea  in 
a  few  minutcx.  It  causes  dilatation  of  the  pupil*, 
though  (hey  react  lo  light  and  to  the  movements 
of  accommodation.  It  also  causes  temporary  pa- 
ralysis of  accommodiitiuD,  a  sensation  of  heaviness 
aod  coldness  of  the  eyeliall,  enlargement  of  the  • 

palpebral  fissure,  constriction  of  the  small  peripheral 
TeneU,  and  slight  lacbrymation.] 

Myotics  are  those  substances  which  contract 
the  pupil :  Physostigmin  (=:  Eserin,  the  alka- 
loid of  Calabar  bean),  nicotin,  piloc&rpin,  muscann, 
morphia,  according  to  some  observers  \_Gninhaf^en), 
cause  stimulation  of  the  oculomotorius,  while  others 
{Ilirschmann,  Roxenthat)  say  they  paralyie  the 
sympathetic.  As  these  substances  cause  spasm  of 
the  ciliary  muscle,  It  is  supposed  that  the  first  of  these 
has  an  analogous  action  on  the  sphincter.  It  ti 
probable  that  they  paralyze  the  dilator  fibres  and 
stimulate  the  oculomotor  fibres.  (  Among  local  my- 
otics, f'.  e.t  those  which  ad  on  the  eye.  some  act  on 
the  muscuLir  fibres  of  the  iris,  e.  g.,  physosiij^min  or 
eserin,  while  others  acton  the  peripheral  lermina- 
liucs  of  the  third  nerve,  e.  ^'.,  pilocarpin,  muscarin. 
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Scheme  of  the  nervei  ot  it>«  Iris  (after  Erbl.  □,  cen- 
irutn  opttcl ;  C.  octilomntor  c«ntr«:  l),  dlUlor 
centre  (^jiirial) ;  E,  Iris  :  G,  optic  nerve :  H,  ocu- 
lomotor («pliincicr)  rooli ;  I.  *ympaihcttc  iriiU- 
lor) ,  K..  L,  anterior  roou;  M.  N,  O,  poiterior 
roou:  A.fcat  of  lesion,  causioc  piipi)lar>' immo- 
bility ;  *  firobable  scat  of  leali>D,  cauaiDg  myotta. 
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MuKarin  cause«  very  great  contraction  of  the  pupil  from  spann  of  the  circular  fibres,  due  to  iti 
nction  on  the  ihtrd  nerve ;  cserin,  on  the  other  hand,  ahh(JU(i;h  contracting  llie  pupil,  also  aJCKts 
the  dilator  fibres.     The  contrftction  of  the  pupil  due  to  opium  is  central  in  its  cauM.] 

If  the  one  pupil  be  contracted  or  dilated  by  these  sulMlances,  Ibe  other  puplL,  conwenelr,  ii 
dilated  or  contracted,  owing  to  the  change  in  the  amount  of  light  admitted  into  the  eye  into  wmck 
the  poison  has  been  intrtMiuced.  The  anKStheiics  (ether,  chloroform,  alcohol,  etc.),  wbeo  thtf 
begin  to  cause  stu|X)r,  contract  the  pupil,  and  when  their  action  is  intense  they  dilate  It  (Dtfief). 
Cblorororm,  during  the  stage  when  it  causes  exciiement  (preceding  the  narcosis),  stimulate*  the 
centre  for  the  dilatation  of  the  pupil;  after  a  time  this  centre  is  paralyzed,  so  thai  the  pttpil  oo 
longer  dilate*  nn  the  application  of  external  stimuli.  Thereafter  the  pupiUo>conHriclor  centre  b 
stimulated,  whereby  the  pupil  may  be  contracted  to  the  size  of  a  pin's  head;  ultimately  this  ccttn 
is  paralyzed,  and  the  pupil  t>ecomes  dilated. 

Time  for  Movements  of  Iris. — The  reflex  dilatation  of  the  pupd  occurs  iltKhtly  later  than  the 
reflex  contraction,  ibc  time  in  the  two  coses  being  0.5  and  0.3  second  respectively  aher  tfimuUiioo 
by  light  (v.  y$ntichf:au].  A  certain  time  always  elapses,  until  the  iris,  corresponHint;  to  the  amgtti 
of  the  stimulus  uf  light  exciting  the  retina,  "adapts"  {Aniert)  itself  to  produce  a  suitable  siie  of 
the  pupil.  Contraction  of  the  pupil  occurs  very  rapidly  after  stimulation  of  the  ocutomotoriu  is 
birds;  in  rabbits  0.89  second  elapses  after  stimulation  of  the  sympathetic,  until  the  ddalation 
{Ar/i,Jun.). 

Bxcised  Eye. — IJght  causes  contraction  of  the  pupil  in  the  fxdud  eye  of  amphiliians  and 
{Arnoldt  Buifgf],  Even  the  iris  of  the  eel,  when  cut  out  and  placed  in  normal  nline  aolatioe, 
contracts  to  light  [Arttehi,  Gyji,  and  Lurhrini^er),  the  green  and  blue  ray*  l>eing  most  aciitt 
Jncreaie  of  tkt  temf^ratnre  causes  mydriasis  in  the  excised  eye  of  the  frog  or  eel,  whUe  coolly 
causes  myoMs  (//.  J/6//<>/-,  Bumatk). 
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Gorhani'*  iHipit  (ittiiliKneier       V\ 
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479  Bho«rt_thc  disk  wEth  a  «lot  and  two  hole*.     Fiu.  4S>>  ipirn  a  •(<]«  «tc« 
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[Size  of  the  Pupil.— Jonathan  Hutchinson  recommends  a  pupiloroeter.  cnnsistinfi  of*  oeul 

f»late  perforated  with  a  series  uf  holes  of  difTereni  sizes.  The  smallest  hole  measures  aboot  W  ofi 
inc.  and  the  largest  is  4  %  lines.  'I*he  plate  is  placed  just  below  the  [MtienlS  eye,  and  the  wk  is 
selected  which  corrcsponfk  with  the  size  of  the  pupil.] 

[Gorham's  Pupil  Photometer. — This  ingenious  instniment  may  be  used  as  a  |>upiloiiMMr, 
and  also  as  a  photometer.  It  consists  of  apiece  of  bmnzcd  tubing  (Kigs.  479  and  4S0),  1.9  a. 
long  and  1.5  in.  diameter.  One  end  is  closed  by  a  disk  or  cap  (Fig.  479).  which  is  pierced  ia  to 
radii  by  a  series  of  holes  at  distances  varying  from  .05  in.  to  .28  in.  There  is  a  slot  in  the  op 
which  allows  one  pair  of  holes  to  be  visible  at  a  time,  while  on  the  cylinder  is  engraved  the  Itnear 
distance  of  each  pair  of  holes.  In  using  the  instrument  as  a  pufihmeter,  liMk  through  the  open 
end  of  the  lube  floe  bottom  in  Fig.  480),  with  both  eyes  open,  toward  a  sheet  of  white  paper  oc  ibe 
sky,  when  two  diiks  of  light  will  l»e  seen.  Then  revolve  the  hd  or  cap  slowly  until  the  iwo  wWn 
disks  juit  touch  oHiT  iiHothir  at  their  fdi^ts.  The  decimal  fraction  ojiposite  the  two  aperturt*  Kca 
on  the  scale  outside  indicates  the  diameter  of  the  pupil  in  tooths  of  an  inch.] 

[When  u<iing  it  as  a  photometer,  it  is  assumed  that  the  size  uf  the  pupil  gives  an  tndet  of  ihi 
intensity  of  the  amount  of  light  which  inlluenccs  the  diameter  of  the  pupil.] 

Intraocular  Pressure. — The  movements  of  the  iris  ore  always  accompanied  by  vafiatiom  of  tbe 
intraocular  pressure.  The  muscles  uf  the  iris  affect  the  intraocular  pressure,  in  that  the  diUt«t«i 
of  the  pupil  increases  it,  while  contraction  of  the  pupil  diminishes  it.  llic  increx^d  or  diminiihcd 
tcnsi'jn  can  be  felt  when  two  fingers  are  presud  on  the  eyeball.  Stimulation  of  the  sympathetic 
)iicrca.M:s  while  its  section  diminishes  the  pressure.  Action  of  Drugs. — Atropm  df>r|>pcd  knirt  iht 
eye.  after  producing  a  short  tcmtxirary  diminution  of  the  tension,  increases  it ;  eserio.  after  a  pnuary 
increase,  causes  a  diminution  of  the  pressure  {Graser  and  ftSlxJte). 
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393.  ENTOPTICAL  PHENOMENA.— Entoptical  phenomena  de- 
pend upon  ihc  perceplion  of  objects  present  within  the  eyeball  itself.  Among 
them  are — 

I.  Shadows  are  formed  upon  the  retina  by  different  opaque  bodies.  In  order  tn  see  them  in 
one's  own  eye  procccrd  thus  :  Ky  means  of  a  strong  convex  lens  project  a  small  imaf^c  of  a  flame 
upon  a  paper  screen,  prick  a  small  o|>ening  thruugh  the  image  of  the  flame,  and  place  one  eye  at 
the  other  M(le  of  the  screen,  so  that  the  itluminated  puncture  lies  in  the  anterior  focus  of  the  eye, 
i.e.,  about  13  mm,  in  from  of  the  cornea.  As  Ihc  rays  proceeding  from  this  point  pass  parallel 
through  the  media  of  the  eye,  a  diffuse  bright  Held  of  vision,  aunounded  by  the  black  margins  of 
the  iris,  is  obtained.  All  dark  Ixxlies  which  lie  in  the  course  of  the  rays  of  light  throw  a  shadow 
upon  the  retina,  and  appear  as  sf>ecUs.     There  are  variuus  forms  of  these  shadows  (Fi(;.  48]). 

(a)  The  spectrum  mucro-lacrimale,  c^iKcially  uix»n  ilic  margin  of  the  eyelids,  depending 
upon  particles  of  mucus,  fat  globules  from  the  Meilximian  glands,  dust  mixed  with  tears,  causing 
cloudy  or  drup-likc  retinal  shadows,  which  are  removed  by  winking. 

(b)  Folds  in  the  Cornea. —  If  the  cornea  be  pressed  laterally  with  the  finger,  wrinkled  shadows, 
due  to  temporary  wrinkles  in  the  cornea,  are  produced. 

(c)  Lens'  Shadows.  — Bead  like  or  dark  specks,  bright  and  star-like  figures,  the  former  due  to 
deposits  on  and  In  the  lens,  the  latter  to  the  radiate  structure  of  the  lens. 

(d)  The  muscK  volitantea  {Dechnifs^  tdgo),  like  strings  of  beads,  circles,  groa[)8  of  balls  or 
pale  stripes,  depend  upuii  oj-anue  particles  (cells,  disintegrating  cells,  granular  fibres— j9('M*/crj, 
OttntUM)  in  the  vitreous  humor.  They  move  about  when  the  eye  ts  moved  rapidly.  Listing 
( 1H45)  showed  thai  one  may  determine  pretty  accurately  the  jMwition  of  these  nlijccLs.  While  making 
the  obcervalion  U|Min  one's  own  eyes,  raise  or  depress  the  fource  of  light ;  those  shadows  which  are 

by  liodies  on  a  level  with  the  pupd  retain  their  relative  positions  in  the  bright  fields  of  vision. 

Fic.  481. 
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Shadows,  which  appear  to  move  in  the  same  direction  as  the  source  of  light,  arc  caused  by  bodies 
which  lie  \x%  ftont  of  the  plane  of  the  pupil — tho).e,  however,  which  appear  to  move  in  the  opposite 
direction  depend  upon  objects  behind  the  plane  of  the  pupit. 

3.  Purldnje's  figure  ( 1819)  depends  upon  the  blood  vessels  within  the  retina,  which  cast  a 
shadow  upon  the  int-st  external  layer  of  the  retina,  viz.,  upon  the  rods  and  cones,  these  being  the 
pnrls  acted  upon  by  light.  In  ordinary  vision  we  do  not  ol»er\'e  these  shadows.  According  to  v. 
Helmholiz,  this  is  due  to  the  fact  that  the  sensibility  of  the  shaded  psrts  of  the  retina  is  greater,  and 
their  excitability  is  less  exhausted,  than  all  the  other  parts  of  the  retina.  As  soon,  however,  as  we 
change  the  position  of  the  shadow  of  ihe  blond  vessels,  instead  of  lieing  directly  Ischind,  so  that  the 
blood  vessels  come  to  tie  more  iaterally  and  behind  them,  1.  ^.,  upon  places  which  do  not  receive 
shadows  from  the  blood  vessels  when  the  rays  of  light  pRi.s  through  the  eye  in  the  ordinary  way, 
then  the  figure  of  the  blood  vessels  becomes  apparent  at  once.  All  that  is  necessary  is  10  cau^  the 
light  to  enter  the  eyeball  obliquely.  Method. — ( i )  This  may  he  done  by  paiisitig  an  intense  Itgbt 
through  the  sclerotic,  e.g.,  by  throwing  upon  the  sclerotic  a  small,  bright,  luminous  image  from  a 
source  of  light.  On  moving  the  source  of  light,  the  figure  of  the  blood  vessels  moves  in  the  same 
direction.  (2)  Look  directly  upward  to  the  sky.  wink  with  the  upper  eyelid  drooping,  so  that  for 
a  moment,  corresponding  to  the  act  of  winking,  rays  of  light  enter  obIi<|ucly  the  lowent  jwrt  of  the 
pupils.  {3]  I^ook  through  a  small  ajxrture  toward  a  bright  sky,  and  move  the  aperture  rapidly  to 
and  fro,  so  that  from  both  sides  of  the  blood  vessels  shadows  fall  rapidly  upon  the  nearest  series  of 
rods  and  cones.  (4)  In  a  darkened  room  look  straight  ahead,  and  move  a  light  to  and  fro  close 
under  the  eyes.  Occasionally,  while  performing  this  experiment,  one  may  sec  the  macula  lutea  as 
a  non-vascular  shaded  deprcwion  {Purkinjt,  Burow),  and,  owing  to  the  inversion  of  the  objects,  it 
lies  on  the  inner  side  of  the  entrance  of  the  optic  nerve. 

3.  Observing  the  Movements  of  the  Blood  Corpuscles  in  the  Retinal  CapillKriea  {Beit- 
ter). — On  looking,  without  accommodating  the  eye,  toward  a  large  bright  surface,  or  through  a<lark 
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blue  glau  lowanl  the  urn,  we  see  brighl  spots,  like  points,  formiDC  longer  or  shorter  chaiitt,  marine 
in  tortuous  laths.  The  plieDomcDoti  is.  perhaps,  caused  by  the  red  Mood  corpuscles  (in  the  Ci|K^ 
laries  posterior  to  the  external  granular  layer  —  V/fj)  acting  as  small,  light  colled inf;  concave  duks. 
concentrating  the  light  falling  ujKin  ibem  from  bright  surfaces,  and  throwing  it  upon  Ibc  roils  ofibc 
retina.  Each  corpuiicic  must  be  in  a  special  position;  should  it  rotate,  the  phenomenon  dtsappean. 
Vicrordt,  who  projected  the  movement  upon  a  screen,  calculated,  from  the  velocity  of  their  m^iliofu 
the  velocity  of  the  hlocd  stream  in  the  retinal  capillaries  as  equal  to  0.5  to  0.75  mm.  in  a  aecond, 
which  corresponds  very  cloocly  with  the  results  olxaincd  directly  in  other  capillariea  bf  E.  H. 
Weber  and  Volltmann  (5  90,  4).  When  the  canjtids  are  compressed,  the  movemeni  is  slower  on 
freeing  them  from  the  compression ;  during  shbri,  forced  expirations  the  movement  is  acceknucd 

4.  The  entoptical  pulse  (j  79,  2—L*mJcis)  depends  upon  the  palsa:ing  arteries  urititiaf 
mechanically  the  rods  lying  outside  them. 

5.  Pressure  Phospbenes. — Pressure  applied  to  the  efc  causes  a  scries  of  phenomena ;  («1 
Partial  pressure  upon  the  eyeball  causes  the  ao-calletl  illuminated  "pressure  picture"  or /Aot/^k/nt^ 
which  was  known  to  Aristutle.  As  the  itnprcssiui)  upon  the  retina  is  referretl  to  something  outsde 
the  eye,  the  phosphene  is  always  perceived  on  the  side  of  the  field  of  vision  f*fyf>0sitt  to  where  tbt 

firessure  atfects  the  retina,  f.g-t  pressure  ujHin  the  outer  surface  of  the  eyeball  causes  the  flash  di 
ight  to  apf>ear  on  the  inner  side.  If  the  retina  i.^  not  well  lighted  the  phosphene  appears  lumiaaes; 
if  the  retina  is  well  lighted  it  appears  as  a  dark  speck,  within  which  the  visual  pcrcct>tton  is  bobcm- 
tarily  abolished,  {b)  If  a  uniform  pressure  be  applied  of  the  eyeball  continuously  from  before 
backwaril.  as  Purkinje  pointed  out,  after  some  time  very  s|>aTkling,  variable  (igare;*  appear  in  the 
field  of  vision,  which  perform  a  wonderful  fantastic  pUy,  and  often  re.<icmble  the  sparkling  cQeeis 
obtained  in  a  kaleidoscope  (v.  He(mhoiti),  aud  are  probably  comparable  to  the  feeling  of  formica- 
tion produced  by  pressure  upon  sensory  nerves  ("  sleeping  of  the  limlx  " ).  (r)  By  applying  equsble 
and  continued  pressure,  Steinbach  and  Purkinje  observed  a  network  with  moving  cnatents  of  1 
bluish  silvery  color,  which  seemc<l  to  correspond  to  the  retinal  veins.  Vienirdt  and  I^iblio  observed 
the  branching  uf  the  blow!  vessels  of  the  choroid  as  a  red  network  open  a  black  ground.  yj\  .A.C' 
cording  to  Moudin,  we  may  detect  the  ftosition  of  the  yellow  spot  by  pressure  upon  ibe  eyebalL 

6.  The  entrance  of  the  optic  nerve  may  be  detected  on  moving  the  eyes  rapidly  backward, 
and  especially  inward,  as  a  fiery  ring  or  semicircle  alHjut  the  si^e  of  a  pea.  Probably,  owing  to  the 
movement  of  the  retina,  the  entrance  of  the  o^xic  nerve  ii  stimulated  mechanically  by  the  rapid 
bending.  Purkinje  and  others  observed  that  the  ring  remained  persistent  on  tuming  the  eve 
strongly  inward.  If  the  retina  be  brightly  illumtnntei),  the  ring  appears  dark,  and  when  the  5e^ 
of  vision  is  colored  tlie  rmg  has  a  difTcrent  tint.  If  Turkinje's  figure  be  producrd  at  the  same  time, 
one  may  observe  tlial  the  vascular  trunk  proceeds  from  ibis  ring — a  proof  that  the  ring  corrcipaodi 
to  the  entrance  of  the  ojxic  nerve  {LaH(ioii\. 

7.  Accommodation  Spot. — On  accommodating  the  eye  strongly  toward  a  white  mrface,  chfie 
appears  in  the  middle  a  small,  bnght,  trembling  shimmer,  and  in  its  centre  a  coarse,  brown  speck, 
alwut  the  size  of  a  pea.  is  seen  {Purkinje^  v.  HelmhoUt).  If  prenure  be  applied  estemally  to  the 
eyeball  this  speck  becomes  more  distinct.  After  havii^  once  observed  the  phenomenon,  occauoo- 
ally  on  |iressing  laterally  upon  the  opened  eye  we  may  see  it  as  a  bright  ^ck  in  the  field  of  risi^m 
—another  proof  that  the  intraocular  presnare  is  increased  during  accommodation  (/.ajit/cu). 

8.  Mechanical  Optical  Stimulatioa. — On  dividing  the  o|jtic  nerve  in  man,  as  in  e«tirpalioB  of 
the  eyeball,  a  rla-sh  of  light  is  observed  at  the  moment  of  section  by  the  person  o|>erated  on.  The 
section  of  the  nerve  fibres  themselves  is  painless,  but  section  of  the  sheaths  is  painful. 

g.  The  accommodation  phosphene  1  Purkinje,  dermak)  is  the  occurrence  of  a  fiery  ring  at 
the  periphery  of  the  field  of  vision,  seen  on  suddenly  bringing  the  eyes  to  rest  after  accommodatiag 
for  a  long  time  in  the  dark.  The  sudden  tension  oi  the  ?x>nule  of  i^inn  resulting  from  the  trlaxs- 
tion  causes  a  mechanical  stretching  of  the  outermost  part  of  the  margin  of  the  retina,  or  it  may  be 
of  a  part  of  the  retina  behind  this  {ffemrH  and  I'SAi^rj,  Bfritn).  Pnrkinje  obscxvtd  the  plie- 
nomenon  after  suddenly  relaxing  the  pressure  on  the  eye. 

to.  Electrical  Phenomena. — Electrical  currents,  when  applied  to  the  eye,  cause  a  Sronglltsh 
of  light  over  the  whole  field  of  vision.  One  pole  of  the  battery  may  he  placed  on  the  oppei  cycliil 
and  the  other  on  the  neck.  The  Hash  at  closing  [nta'cingi  the  current  is  strongest  with  on  aictiid- 
ing  current,  that  with  opening  [breaking]  the  current  with  a  desccndmg  current  (i.  //!r/iwi«di|. 
If  a  uniform  continuous  ituen-iinj;  current  l>e  transinitie«l  through  the  closed  eyes,  the  dark  dick  of 
the  elevation  at  the  entrance  of  the  optic  nerve  appears  in  a  whitish  ttWc/  field  of  vtsKMi;  with  a 
deuendiHg  current,  the  field  of  vision  ts  reddish  and  dark,  in  which  the  positiun  of  the  opcic  Oetiv 
appears  light  blue  \v.  //e/mAoitz.).  If  external  colors  are  looked  at  simultaneously,  iheae  oolort 
blend  to  form  a  violet  or  yellow  with  the  colors  looked  at  {SfkeUikt).  During  the  puaigc  of  the 
ascending  current  we  see  external  objects  indistinctly  and  smalfer  when  the  eye*  are  open :  whfle 
with  the  descending  current  they  are  more  distinct  and  Air^vr  (A'lV^r).  Sometimes  the  poMtiop  of 
the  macula  luiea  appears  dark  00  a  bright  ground,  or  the  reverse,  according  to  the  direction  of  tht 
cunent.  If  the  current  be  opened  [broken]  the  phenomena  arc  reversed  (i  335)'  *n<I  **J*  'y*  •*** 
returns  to  rest  (r-.  lielmkoUz). 

II.  The  yellow  spot  appears  sometimes  as  a  dork  circle  when  there  u  a  uniform  blue  ithuoiaa 
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ion.  In  a  strong  light  the  position  of  the  yellow  spot  is  surrounded  by  a  bright  area,  twice  or 
ibrice  as  lar^e,  called  "f.^w/s  ring." 

[Clerk-MaxwcU'a  Experiment. — On  looking  through  a  solution  of  chrome-alum  in  a  bottle  or 
vessel  with  parallel  glass  sides,  we  observe  an  ovaJ,  purplish  spot  in  the  green  color  of  (he  alum. 
This  is  due  lo  the  pignicnt  of  the  yellow  spot.] 

Haidinger's  Brushes. — On  directing  the  eye  toward  a  source  of  polarized  light,  "  Ilaidiogcr's 
polarized  brushes"  appear  at  the  point  of  6xation.  They  are  seen  on  looking  through  a  Nicol's 
prism  at  a  bright  cloud  [v.  fftimhi>fti).  They  are  bright  and  bluish  on  a  surface,  bounded  by  two 
neighboring  hypertwia  on  a  white  field;  the  dark  bundle  scjMrating  them  is  smallest  in  the  ccnti« 
and  yellow.  Of  the  various  colors  of  homogeneous  light,  blue  alone  shows  the  brushes  {StoJ^fs). 
Accorrling  to  v.  llclmboltz  the  seat  of  the  phenomenon  is  ihe  yellow  spot,  and  is  due  to  the  yellow 
colored  elements  of  the  yellow  sp^H  being  slightly  doubly  refractive,  while  at  one  part  Lhey  al>sorb 
more,  at  another  le<s»  of  ihe  rays  entering  the  eye. 

la.  Lastly,  there  are  the  visual  sensations  depending  on  internal  causes,  e.g.,  increased  bound- 
ing of  the  blood  through  the  retina,  as  during  violent  cougliing,  increased  intraocular  pressure. 
Stimulation  of  i\\c psycho-optic  centres  (J  378,  IV)  may  produce  spectra,  which  Cardanna  (1550), 
Goethe,  Nicolai  and  Johannes  Mliller  could  produce  voluntarily. 

394.  ILLUMINATION  OF  THE  EYE— OPHTHALMOSCOPE. 

— The  light  which  enters  the  eye  is  partly  absorbed  by  the  black  uveal  pigment, 

Fio.  4S3. 


ArrangaiiMnt  for  taamlainc  dw  ey«  of 


A,  m  of  obwrver ;  .r,  lourcc  of  light;  S,  S,  pLau  of  glou  dlrsciwl  ob- 
liquely, reflMting  light  into  B.  ' 


and  partly  again  reflected  from  the  eye,  and  always  in  the  same  direction  in  which 
the  rays  entered  the  eye.  By  placing  one's  self  in  front  of  the  eye  of  another 
person,  of  course  the  head,  being  an  opaque  body,  cuts  off  a  large  number  of 
rays.  Owing  to  the  position  of  the  head,  no  rays  of  light  can  enter  the  eye  ;  and 
of  course  none  can  be  reflected  back  to  the  eye  of  the  observer.  Hence,  the  eye 
of  the  person  being  examined  always  appears  black,  because  those  rays  which 
alone  could  be  reflected  in  the  direction  of  the  eye  of  the  observer  are  cut  off. 
As  soon,  however,  as  we  succeed  in  causing  rays  of  light  to  enter  the  eye  at  the 
same  lime  and  in  the  same  direction  in  which  we  observe  the  eye  of  another 
person,  the  fundus  of  the  eye  appears  brightly  illuminated. 

The  following  simple  arrangement  (Fig.  482)  is  sufficient  for  the  purpose:  Let  B  he  the  eye  of 
the  patient,  A  that  of  the  olKcrvcr,  and  let  a  dame  be  placed  at  x.  The  rays  of  light  proceeding 
from  ;r  impinge  upon  the  obliquely  placed  plate  of  glau  (S,  S),  and  are  reflected  in  the  direction  of 
the  dotted  lines  inio  the  eye  (13).  The  fundus  of  the  eye  appear*  in  this  position  to  be  brichtly 
illuminaied  in  ditluston  circles  around  b.  As  the  observer  f  A)  can  see  through  ihe  obliquely  plated 
(;lass  plate  (S,  Si.  and  in  the  same  direction  as  the  reHectcu  rays  {x^y)  he  sees  the  retina  around  b 
t>rightly  illuminated. 
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In  order  that  thU  method  l»e  mode  available  for  practical  purposes,  we  most,  of  coone,  be  able  I* 
distingoljkh  the  details  such  as  the  blood  vessels  of  the  fundus  of  the  eye,  the  macuU  luteo,  the 
entrance  of  the  optic  nerve,  abnormalities  of  the  retina  and  the  choroidal  pigment,  etc.  The  follov- 
ing  considerations  show  ui  bow  to  proceed  in  order  to  accomplish  this.     As  already  mentioned,  aad 

Fig.  483. 


s. 


w 


as  Fig.  465  shows,  a  small  tnveiterl  imf^e  is  formed  on  the  retina  (f,  d)  when  we  look  al  >■  otfM 
(A,  B);  conversely,  according  to  the  same  dioptric  law,  an  enlargeil  inverted  real  image  of  a  hmI 
distinct  area  of  the  retina  (c,  (/—depending  on  the  distance  for  which  the  eye  was  accoiimodittd)t 
must  be  formed  outside  the  eye  (A,  B). 

Fig.  484- 


Si 


Si- 


If  the  fundus  of  this  eye  be  sufficiently  illuminated,  this  aerial  image  will  be  correspondingly  bri|lt. 

In  order  to  see  the  individual  pans  of  the  retinal  picture  more  distinctly,  the  oiLacrvaMM 
accommodate  his  own  eye  for  the  position  of  this  image.  In  such  drcunutanccs  the  cyv  «f  dw 
ebierver  would  be  too  near  to  the  obaerved  eye. 

Fig.  485. 


u 


His  eye  when  so  tccororoodated  is  removed  from  the  eye  of  the  patient  by  hts  own  ftari 
distance,  and  by  the  visual  distance  of  the  patient.  As  this  distance  is  coniidcrable,  the  IndiTidul 
amall  details  of  the  fundus  cannot  be  seen  distinctly.  Further,  owing  to  the  contraction  of  the  pn{A 
of  the  patient,  only  a  small  area  of  the  fundua  can  be  seen,  and  this  only  oadcr  a  small  viiaal 


THE   OPHTHALMOSCOPE. 


783 


ii^le,  'luite  apart  from  the  Tact  that  it  is  often  impossible  to  accommodate  for  (he  real  image  of  the 
fundus  of  the  pniient. 

>letice,  the  eye  of  the  observer  must  be  brought  never  to  the  eye  of  the  patient.  This  may  be 
done  tn  two  ways:  (i)  Either  by  placing  in  front  of  the  eye  of  the  pAttcnt  a  ttrong  convex  Uns  (at 
I  to  3  inches  focus  — I- ig.  483,  C).  This  causes  the  retinal  image  to  be  uearer  to  the  eye  (at  B), 
owing  to  the  strong  lens  refractii^  the  rays  of  hght.  The  observer  (M)  can  come  nearer  to  the  eye, 
and  can  still  accommodate  for  the  image  of  the  fundus  of  the  eye.  (2)  Or  a  concave  tens  is  placed 
immediately  in  front  of  the  eye  of  the  patient  (Fig.  484,  6).  The  rays  of  Uyht  emerging  from  the 
eye  of  the  paiicni  (P)  are  cither  made  parallel  by  the  concave  lens  (o),  and  arc  brought  to  a  focns 
on  the  relina  of  the  emmetropic  otwerver  (A) ;  or,  if  the  lens  Causes  the  rays  to  diverge  (Fig.  485), 
an  erect,  \-irtua)  image  is  formed  at  a  distance  behind  the  eye  of  the  patient  (at  R).  In  these  cases, 
also,  the  observer  can  go  mucli  nearer  to  the  eye  of  the  patient. 

The  ophthalmoscope  invented  by  v.  Helmholtz  enables  us  to  examine  the 
whole  of  the  fundus  of  the  eye. 

[Direct  Method. — Use  a  concave  mirror  of  20  ceniimelres  focal  distance,  with  a  central  open- 
ing, Kefleci  a  beam  of  light  into  the  laticm's  ejc,  where  they  cross  in  the  vitreous  and  illuminate 
the  funcltu  of  the  eye.     These  rays  again  pass  out  of  the  eye  and  reach  the  observer's  eye  through 


Fio.  4S6. 


Fig,  4S7. 


■■'U. 


ITie  eninince  oi  the  optic  nerve,  with  Uk  Adjacent  part*  ot  Morton's  opbthKlBMCope. 

tbe  fundut  rrf  the  uormal  eye.  a.  ring  of  connective 
tissue:  ^,  choroidal  ring :  r,  arteries;  (/.veins;  f,  divi- 
sion of  ttic  ccninil  artery ;  k,  division  of  the  central  vein  : 
L,  iBfiiinA  cribrosi;  /,  tcmponil  (outer)  ifde ;  «,  nasal 
(inner)  side. 

the  central  hole  in  the  mirror.  If  the  observer  be  emmetropic,  they  come  to  a  focus  on  his 
retina.  In  this  way  all  the  parts  of  the  retina  are  seen  in  their  normal  position,  but  enlarged. 
Hence,  it  is  somelimes  called  the  examination  of  the  upright  image.  The  eye  of  the  patient  and 
observer  must  be  at  rest,  i.  e.,  be  negatively  accommodated,  while  the  mirror  must  be  brought  as 
near  as  possible  to  the  eye  of  the  patient.] 

[Indirect  Method,  hy  which  a  more  general  view  of  the  fundus  is  obtained.  Throw  the  light 
into  the  paiieni's  eye  by  an  ophthalmoscopic  mirror,  as  ahove,  but  held  at  a  distance  of  about  50 
cm.  (10  inclievi  fium  the  patient's  eye.  Hold  a  biconvex  lent  of  14  dioptrics  focal  length  vertically 
between  the  mirror  and  the  patient's  eye  (  Fig.  4831,  ibc  observer  looking  through  the  hole  of  the 
mirror.  What  he  does  see  is  an  inverted  aeri«]  imag«  at  B.  Only  a  small  pan  of  the  fundus 
oculi  can  be  seen  at  one  time.] 

[The  ophthalmoscope,  besides  being  used  for  examining  the  interior  of  the  eyeball,  Is  of  the 
utmcMt  use  in  determining  the  existence  and  amount  of  anomalica  of  refraction  in  the  refraaive 
media.  For  this  purpose  an  ophthalmoscope  requires  to  be  provided  with  plus  and  minus  lenses, 
which  can  be  readily  brought  before  the  eye  of  the  observer.  This  is  readuy  done  by  an  ingenious 
mechanism  deviwrd  by  Couijcr,  and  which  is  made  lue  of  in  the  handy  students'  ophthalmoscope 
of  Morton  (Fig.  4S7].  The  lenses  are  moved  by  a  driving-wheel  on  the  left  figure,  while  at  tne 
same  lime  is  indicated  at  a  certain  aperture  the  lens  presented  at  the  sight  hole.      The  instrument  is 
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also  provided  with  a  movnbte  airangeinenl  carrying  a  concave  mirror  aX  either  end.     One  of 
mirrori  i&  lo  inches  in  focus,  and  is  used  for  indirect  cxamiiiAtton  and  relinoscopy,  while  ibe  uibcr 
is  of  3  inches  focus  for  direct  examination,  and  is  lixed  ai  in  angle  of  t$^.] 

[Retinoscopy. — The  ophthalmoscope  ik  lued  also  for  this  purpose.  A  ueam  of  light  ia  refieord 
into  the  eye  by  the  ophthalmoscopic  mirror,  and  the  play  of  li|;m  and  shade  un  the  fundoi  ocnti 
observed.  A  study  of  this  is  important  in  determining  anomalietof  refnctioD.  For  the  BMtfaodt 
the  student  is  referred  to  a  text  book  on  '*  Diaeasc*  of  the  Eye."] 

[Artificial  Eye.— The  student  may  practice  the  use  of  the  ophthalmoscope  on  an  artificial  eye 
such  as  thrtt  of  Frost  (Fig.  4SS)  or  Fcrrin.] 

Illumination. — In  order  to  dluminaic  the  interior  of  the  eye,  v  Hclmhnliz  used  aeveral  plates 
of  glass,  placed  behind  each  other,  in  the  position  of  S,  S,  in  Fi^.  482.  Afterward  he  used  aptaM 
or  concave  mirror  of  7  inches  focus  (Fig.  483,  Sj.  S,),  M'ith  a  hole  in  the  centre.  F*^.  4^6  mm 
the  appearance  of  the  fundus  of  the  eye,  as  seen  with  the  ophtlialmuscope.  In  albinos  the  fuitdai 
of  the  eye  appeals  red,  because  light  passes  into  the  eye  through  the  sclerotic  and  uvea,  which  are 
devoid  of  pigment.  If  a  diaphragm  be  placed  over  the  eye,  so  that  the  pupU  alone  is  free,  the  cy* 
appears  black  [Donders), 


Fig.  4S8. 


Fig.  489. 


jSr. 


V 


Vmt't  artificial  cy*. 


,i  vfii^wvvope. 


Tapetum,— In  many  animals  the  eyes  hare  a  bright  green  lustre.  These  eyes  bare  a  tpeckl 
layer,  the  lapctum  or  the  membrana  ven.icolor  of  Fielding;  in  camivora  it  consists  of  celU,  in  her- 
bivora  of  fibres,  placed  between  the  capillaries  of  the  choroid  and  the  stroma  of  the  ore*.  Thoe 
structures  exhibit  interference  colors  and  reflect  much  light,  so  that  the  colored  lustre  appears  in  tbe 
eye. 

Oblique  illumination  is  used  with  advantage  for  iovestigaliog  the  anterior  chamber.  A  \m^ 
beam  of  \\^h\,  condensed  by  a  convex  lens,  is  thrown  laterally  upon  the  cornea  into  ihe  eye,  tmaaa 
directed  upon  the  point  to  l>c  investigated  as  to  illuminate  it.  A  point  so  illuminaled.  £^.,  a  pM 
of  the  iris,  may  be  examined  from  a  distance  by  means  of  a  lens,  or  even  by  a  micTMCope  ( Lit^ 
reieh). 

The  Ortfaoscope. — Ccermak  conMraaed  this  instrument  (Fig.  489),  in  which  the  eye  u  ptoMd 
under  water.  Take  a  small  glass  trough  with  one  of  Its  walls  removed.  Press  the  margin*  of  the 
open  side  firmly  against  the  region  of  tne  eve.  The  eye  and  its  surroundings  form,  as  u  vere,^ 
sixth  side  of  the  trough,  which  is  filled  wJih  water,  so  that  the  cornea  is  bathed  thercwiiib.  Af 
the  refractive  mdex  of  water  is  almost  the  -tame  as  the  refractive  index  of  the  media  of  the  eye,  Ite 
rays  of  light  pass  into  the  eye  in  a  straight  direction  without  being  refracted.     Hence,  ob)ecS»  l»tbe 
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anterior  chamber  can  be  seen  directly,  as  if  they  were  not  within  the  eye  at  all.  Another  advantage 
is  that  the  objects  can  be  brought  nearer  to  the  eye  of  the  observer.  The  rays  of  light  emer^ging 
from  the  point  [a)  of  the  fundus,  if  the  eye  were  surrounded  by  air,  would  leave  the  eye  as  the 
parallel  lines,  6,  c,  b,  r.  Under  water,  lhe»c  rays,  a,  h,  continue  in  the  direction  a,  b,  as  for  as  b,  </, 
where  they  emerge  from  the  water,  and  are  bent  from  the  perpendicular  to  </,  t^  d^  e.  The  eye  of 
the  observer,  looking  in  the  direction  t^  </,  sees  the  poinl,  a,  marer,  viz.,  in  the  direction  f,  t/,  a', 
lying  at  a. 

395.  ACTIVITY  OF  THE  RETINA  IN  VISION.— I.  Blind  Spot. 
— The  rods  and  cones  aloncr  arc  the  parts  of  the  rttina  sensitive  to  light 
(J/enr,  MulUr],  they  alone  are  excited  by  the  vibrations  of  the  ellicr.  This  is 
confirmed  by  Marriotte's  experiment  (i688),  which  ]>roves  that  the  entrance  of 
the  optic  nerve,  where  rods  and  cones  are  absent,  is  devoid  of  visual  sensibility. 
Hence,  it  is  spoken  of  as  the  **  diinJ  spot.^* 

[Marriotte's  Experiment. — Make  two  marks,  about  three  inches  apart,  upon 
paper  (Fig.  490).  Look  at  the  cross  with  the  right  eye,  keeping  the  left  eye 
closed,  and  hold  the  paper  about  a  foot  from  the  eye,  when  both  the  cross  and 
the  circle  will  be  seen.  Gradually  approximate  the  paper  to  the  eye,  keeping  the 
open  eye  steadily  fixed  on  the  cross;  at  a  certain  moment  the  circle  will  dis- 
appear, and  on  bringing  the  paper  nearer  to  the  eye  it  will  reappear.  The  moment 
when  the  circle  disappears  is  when  its  image  falls  upon  the  entrance  of  the  optic 
nerve.] 

Position  and  Size— The  entrance  of  the  optic  nerve  lies  about  3.5  mm.  internal  to  the  visual 
axis  of  the  eyeball,  in  the  retina.  Its  diameter  is  1.8  mm.  {/Mmho/it).  The  apparent  diameter  of 
the  blind  spot  in  tlic  field  of  vision  is  in  a  horizontal  dlreciion  6**  56^— this  lies  ia'=*  35'  to  i£°  55^ 

FlC.  490. 
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horizontally  from  the  fixed  point.     Eleven  full  mcons  placed  side  by  side  would  disappear  on  the 
surface,  and  so  would  a  human  face  at  ct  distance  of  over  2  metres. 

Proofs. — The  fullowini;  faas  prove  ihat  the  entrance  of  the  optic  nerve  is  insensible  to  light: 
(i|  Dondcis  projected,  by  means  of  a  mirror,  a  small  image  of  a  flame  upon  the  entrance  of  the 
Optic  nerve  of  another  pwrson,  and  the  pcr^^u  had  no  sensation  of  light.  But  a  sensation  of  light 
was  experienced  when  the  image  of  the  flame  was  projected  upon  the  neightxiring  pans  of  the  retina. 
(2)  On  combining  with  Marriotte's  cxpcrimeRt,  the  experiment  which  causes  entojitical  phenomena 
At  the  entrance  of  the  optic  nerve  (•}  393.  6  and  7),  this  coincides  with  the  blind  S]xtt  {^LunJoh). 

Form  of  Blind  Spot.  —  In  order  to  determine  the  form  and  appartHt  size  of  the  6littJ  spot  in 
one's  own  eye,  fix  the  head  at  about  35  centimetres  from  a  surface  of  white  paper;  select  a  small 
point  on  the  latter  nnd  keep  the  eye  directed  toward  it,  then  starting  from  the  position  of  the  blind 
spot  move  a  white  fcniher  in  all  directinns  over  the  paper;  whenever  the  tip  of  the  feather  liccomes 
risible,  make  a  mark  at  this  spot,  'thus  the  blind  spot  may  be  mapped  out.  It  is  found  to  have 
an  irregulor  elliptical  form  from  which  processes  proceed,  due  to  the  equally  non-sensitive  origins  of 
the  la^c  blood  vessels  of  the  retina  {/lurck,  litlmhoU%).  (Marhottc  concluded  from  his  experiment 
that  the  choroid,  which  is  perforated  by  the  optic  nerve,  is  the  membrane  sensitive  to  light,  as  the 
nerves  are  nowhere  obwnt  from  the  retina.) 

The  blind  spot  causes  no  appreciable  gap  in  the  field  of  vision. — As  this  area  is  not 
excited  by  light,  a  black  spot  cannot  appear  in  the  licld  of  vision,  for  the  sensation  of  black  implies 
the  presence  of  retinal  elements,  which,  however,  are  absent  from  the  blind  sjwt. 
The  circumstance,  however,  that  in  spite  of  the  existence  of  an  incxcicahle  spot  , 

during  vision,  no  part  of  the  held  of  vision  appears  to  be  MnoctupieJ,  is  due  to  a      £1  Q         Q 

psychical  action.     The  unoccupied   area  of  the   ticld  of  vision,  correj^nding  10 
the  blind  spot,  is  hllcd  in  according  lo  probability  by  a  psvchical  process  {£.  jV.      .        .  _ 

tVrS^).     Hence,  when  a  white  point  disappears  from  a  black  surface,  the  whole      Q        (G)        I 
surface  appears  to  us  black  ;  a  white  surface,  from  which  a  black  point   falls 
on  the  blind  spot,  appears  quite  white;  a  page  of  print,  gray  throughout,  etc.  ,  , 

According  to  the  probabilities,  certain  parts  are  supplied — jiarts  of  a  circle,  the     C        Dl         1 
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middle  parts  of  a  long  line,  Oie  ccnlnd  pan  of  a.  cross.  Such  imifces,  however,  which  catoM 
be  constructed  according  to  the  prohabilities.  are  nd  perfected,  e.e-*  ihe  end  of  a  line  or  a  bnBM 
face,  In  other  coses  the  cnndition  known  as  "  ccntrai-ttim"  of  ihc  field  (>f  vision  (enda  to  fil 
up  the  gap.  This  will  be  evident  on  looking  at  the  nine  preceding  letters,  so  that  e  dtsappCMv; 
we  no  longer  see  the  three  letters  on  each  ^ide  of  it  tn  siiaighl  Imci,  but  A,/,  i, «/,  are  turned  bt 
toward  e.  The  adjoining  parts  of  the  field  of  vision  seem  to  extend  over  and  aroand  the  UttiH 
spot,  and  thus  help  to  compensate  for  the  blind  5pot. 

II.  Optic  Fibres  Inexcitable  to  Light. — The  layer  of  \\\t  fibm  iff  th 
optic  tufve  in  the  rciina  is  not  scnstiive  to  li^ht.     This  is  proved  by  the  fjici  ihai  u 
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Horitost^  vcdiun  of  the  right  eye.     m,  Lcirucn  -    &,  conjiinciiva  ;    c,  »clenMlc ;    4,  »nicr(Of  ^**- 
■queous  hunor ;  tAv»;  /J',\>\\\i\\,   /,  pfMicHor  rluimbcr;  /,  rclil'v  oidkI  ; /'.  ctliary  it' 
limit:   1,  Qiul  of  Schlemni ;    Mt,  choroid,    a,  retina  ;    «,  vlUcutu  humor  ;    .A^a,  twtk  nets ' 
nerve  At>t«* :  te,  hunlna  ciiurOM      Tbe  liDt  C'  A  indicates  itie  optic  slis  :  Sr,  in«  su*  ol  • 
of  the  toircR  ccnlrslb. 


the  fovea  centralis,  which  is  the  area  of  most  acute  vision,  there  are  no  nent 
fibres.  Further,  Purkinje's  figure  proves  that,  as  the  arteries  of  the  retina  Ite 
behind  the  optic  fibres,  the  Utter  cannot  be  concerned  in  the  perccpitoo  of  tbe 
former. 

III.  Rods  and  Cones. — The  outer  segments  of  the  rods  and  cones  brre 
rounded  outlines,  and  are  packed  close  together,  but  natural  spaces  mtist  cain 
between  them,  corresponding  to  the  spaces  that  must  exist  between  group*  <A 
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bodies  with  a  circular  outline.  These  parts  are  insensible  to  light,  so  that  a  retinal 
image  is  composed  like  a  mosaic  of  round  stones.  The  diameter  of  a  cone  in  the 
yellow  spot  is  2  to  2.^  fi  (Af.  Sihu/tz/).  If  two  images  of  two  small  points,  placed 
very  near  each  other,  fall  upon  the  retina,  they  will  still  be  distinguished  as  distinct 
images,  provided  that  both  images  fall  upon  two  different  cones.  The  two  images 
on  the  retina  need  only  be  3-4-5.4  /i  apart,  in  order  that  each  may  be  seen  sepa- 
rately, for  then  the  images  still  fall  upon  hvo  adjoining  cones.  If  the  distance  be 
diminished  so  very  much  that  both  images  fall  upon  one  cone,  or  one  upon  one 
cone  and  the  other  upon  the  intermediate  [cement]  substance,  then  only  one 
image  is  perceived.  The  images  must  be  further  apart  in  the  peripheral  portion 
of  the  retina  in  order  that  they  may  be  separately  distinguished. 

As  ihe  rounded  end  sur&ces  of  the  cones  do  not  lie  exactly  under  each  other,  hut  are  so  arranged 
that  one  scries  of  circlet  is  adapted  to  the  interstices  of  the  following  series,  this  explains  why  fine 

Fig.  493. 


M  Hardy  ♦  penmcler.  ».  porctUm  button  ;  M.  bit .  E,  for  fixina  tlie  hcail :  g,  h,  iiimHnint  ;  «,  fixat>«n  point ;  /. 
pointr-r  fgf  piercing  the  record  «;hari  held  in  ihc  Trame  (r)  which  raovet  nn  t .  T>  uprijhi  tupportina  tho  quad- 
nuit  and  the  automatic  arran|[etnent  of  mtldca  {,ikaxkA  /).  which  an  moved  by  /. 

dark  Hne»  tying  near  each  other  ap|>eftr  to  ha%'e  alternating  twists  upon  them,  as  the  images  of  these 
roust  fall  upon  the  cones,  at  one  lime  to  the  right,  at  another  10  the  left. 

IV.  The  fovea  centralis  is  the  region  of  most  acute  vision,  where  only 
cones  are  present,  and  where  they  are  very  numerous  and  closely  pat  Iced  (Fig. 
455).  The  cones  are  less  numerous  in  the  peripheral  areas  of  the  retina,  and 
consequently  vision  is  much  less  acute  in  these  regions.  We  may,  therefore,  con- 
clude that  the  cones  are  more  important  for  vision  than  the  rods.  When  we  wish 
to  see  an  object  distinctly,  we  involuntarily  turn  our  eyes  so  that  the  retinal  image 
falls  upon  the  fovea  centralis.  In  doing  this,  we  are  said  to  "_^.r"  our  eyes  upon 
ail  object.  The  line  drawn  from  the  fovea  to  the  object  is  raited  the  axis  of 
vision  (Fig.  491,  ^r).     It  forms  an  angle  of  only  j-s-;**  with  Ihe  *'ep/iia/ axis" 
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(^^),  which  unites  the  centres  of  the  spherical  surfaces  of  the  refractive  me<Ut 
of  the  eye.  The  \K>\nt  of  intersection,  of  course,  lies  in  the  nodal  point  iJCm)  of 
the  lens  (p.  7S6.).  The  term  **  direct  vision"  is  applied  to  vision  when  ibe 
direction  of  the  axis  of  vision  is  in  line  with  the  object  [i.  f.,  when  the  image  of 
the  object  falls  dirt-clly  on  the  fovea  centralis]. 

''Indirect  vision"  occure  when  the  rays  of  light  from  an  object  fall  upon 
the  peripheral  parts  of  the  retina.  Indirect  vision  is  much  less  acute  than  the 
direct. 

To  test  the  acuity  of  direct  vislont  draw  two  fine  parsllel  linri  cloie  to  each  other.  waA 
gradually  remove  them  more  and  more  from  the  eye,  until  both  appear  almost  to  unite  and  fonn  one 
line.  The  sue  of  the  retinal  image  may  t>e  ascertained  by  dctenniniog  the  distance  of  ihe  two  Una 
from  each  other, and  \\\c  distance  of  the  lines  from  the  eye;  or,  from  the  corresponding;  «-i$a«l  angir. 
which  is  jjencmlly  l»clween  60  Id  90  icconds. 

Perimetry. — In  order  to  test  indirect  vision  we  may  use  the  ptrimcter  of  Auticrl  and  FiJntct. 
The  eye  is  placed  opposite  a  fixed  point,  from  which  a  semicircle  i>rocccds,  »o  that  the  eye  lies  ia 
(he  centre  of  it.  As  the  semicircle  mtaies  round  the  fixed  point,  on  Totating  the  former  we  caa 
circumscribe  the  surface  of  a  hemisphere,  in  the  centre  of  which  the  eye  is  placed.  Procccdta| 
from  the  fixed  point,  objects  are  placed  upon  semicircles,  and  arc  gradually  pushed  more  and  nore 
toward  the  )>eriphery  of  the  Acid  of  vision,  until  the  object  t)ecomeB  indiHinct,  and  finally  diaiyeaiit 
The  process  of  testing  is  conlinucd  by  placing  the  arc  successively  in  the  diff^ereot  mcridiaaa  of  ibc 
field  of  vision. 

[M'Hardy's  perimeter  is  a  very  convenient  form  (I'ig.  492).  It  consists  of  two  uprigfatsjC 
and  D),  which  are  fixed  to  the  opposite  ends  of  a  flat  l>asal  plate  (A).  Ccarnes  an  arrangement  for 
supporting  the  patient's  head,  while  D  carries  the  automatic  arrangement  for  ihc  perimetiic  record. 
BoiJi  of  these  can  be  raised  or  depressed  by  the  screws  1 G  and  h).  The  pattern's  chin  rests  on  d]c 
chin-rest  (E),  while  in  the  mouth  is  placed  Lando1t*s  biting  fixation  iLj.  which  ia  detachable.  Tie 
posiiiou  of  the  head  can  be  altered  tiy  sliding  F  on  L,  which  can  be  fixed  in  any  pontioa  by  iW 
screw  (O).  The  porcelain  button  (I)  just  below  the  patient's  eye  (/  )  ts  connected  with  the  a^nt- 
roent  of  the  "  fixation  ^>oini."  The  automatic  recording  apparatus  consists  of  a  revolving  iiuadnat 
{h,  A),  which  dcscrit>es  a  hemisphere  round  a  horizontal  axis  passing  through  the  centre  of  the  hol- 
low male  axle,  turning  in  ihe  female  end  of  a,  which  is  supported  by  I.).  The  quadrant  can  be  fised 
at  any  point  by  ^.  On  the  front  concave  surface  of  the  quadrant  is  fixed  a  circular  wliile  piece  of 
ivory,  which  represents  the  "  fixation  point,"  from  which  a  needle  projects, and  which  is  the  reroof 
the  iiLsiramenl.  A  carriage  (f  j,  in  which  the  test  objects  are  placed,  can  l>e  moved  io  tbe  oooesfc 
face  of  the  quadrant  by  means  of  the  milled  bead  (/ 1,  which  moves  the  carriage  by  means  of  a  loeah 

and  pinion  wheel.] 
FtG  dOt  [\V'hen  the  milled  head  (y)  is  tamed,  it  mavts 

*  the  carriage  and  two  slides  \k  and   /).  the  two 

slides  moving  in  the  ratio  of  3  to  I.  Tbe  rale  af 
the  carriage  is  so  adjusted  that  it  travels  ten  tiafi 
fvitcr  than  /,  and  five  times  bster  than  k.  Tbe 
pointer  (/}  is  connected  with  these  slides,  so  thtt 
It  moves  when  ihey  move,  and  records  its  bwvc- 
ments  by  piercing  the  record  chart,  which  b  fixed 
in  the  double-faced  frame  (*).  The  frame  for  the 
record  chart  is  hinged  near  c  to  the  upnght  (D). 
'1  he  frame  when  upright  comes  so  near  i}ic  putiaer 
th.it  the  latter  can  pierce  a  chan  pUcvd  in  Ukc 
frame.  The  [utient  is  direaed  to  look  il  At 
*<  tixaiion  point,"  which  u  merely  a  small  iMiy 
button  placed  in  the  imaginary  axis  of  the  bcnu- 
sphcrc  on  the  front  of  the  centre  of  the 
surface  of  die  quadrant;  tbe  projcciii^ 
point  {9)  indicates  its  position.  This  ts  tbe  sera 
of  the  quadrant,  and  on  each  side  of  it  the  vgoA- 
ram  is  divided  into  90°.] 

[In  testing  the  field  of  vision,  place  the  carriage 
so  OS  to  cover  zero,  adjust  the  eye  for  tlie  fixaiioa 
point,  and  look  steadily  at  il,  and  if  all  is  w^ 
Ihc  pointer  (/)  ought  to  pierce  the  centrr  of  t&c 
chart.  Move  the  carriage  along  the  quadnml  by 
J  until  it  disappears  from  the  held  of  visJm^  cod 
when  it  does  so  the  pointer  is  maile  to  jitcrcc  ibe 
chart.  Make  anuiher  observation  in  anolbs  ^ 
Ptiestlcr  Sniih't  pcTineLcr.  reaiou  by  altering  tbe  position  of  the  ^1 
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and  go  on  doing  so  until  n  complete  record  is  obtained  of  the  field  of  vision-  Test  the  (rther  eye 
in  the  same  way.     The  color  field  may  V«  te«ed  by  using  coU»red  papers  in  ihe  carriage.] 

[Priestley  Smith's  perimeter  (Fig.  493)  is  simpler.  The  wooden  knob  do  the  left  of  the 
figure  is  placed  under  the  eye  of  the  pittient,  who  Mafcs  at  the  fixed  point  in  the  axis  of  (he  quad- 
rant, which  can  be  moved  in  any  meridian.  The  lest  object  is  a  square  piece  of  white  paper  which 
is  moved  along  the  quadrant.  The  chart  is  placed  on  the  posterior  surface  of  the  hand  wheel  and 
moves  with  it,  so  that  the  meridians  of  the  chart  move  with  the  quadrant.  There  is  a  scale  behind 
the  hand  wheel  corresponding  with  the  circles  on  the  chart,  so  that  the  observer  can  prick  off  bis 
observations  directly.] 

[^Scotoma  is  the  lerm  applied  to  dimness  or  blindness  in  certain  ports  of  the  field  of  vision, 
which  may  be  central,  marginal,  nr  in  patches.] 

The  capacity  for  distinguishing  colors  dimmishes  more  rapidly  at  the  periphery  of  the  retina 
than  that  for  distinguishing;  diflTcrcnces  in  the  brightness  or  intensity  of  light.  In  fact,  the  periphery 
of  the  retina  is  slightly  red  hlind.  The  diminution  is  greater  in  the  vertical  mendian  uf  the  eye 
than  in  the  horizontal^  and  it  diminishes  with  the  distance  from  the  fixation  point  {Auhtrt  and 
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Penin«tric  chart  ol  a  htoltliyand  a  diseaflctl  eye, 

J-Hritfr).  These  o1>scrven  also  state  that,  during  accommodation  for  a  distant  object,  the  diminu- 
tion of  the  capacity  to  disliu^uisli  brightness  and  color  toward  the  periphery  of  the  lens,  occur 
more  rapidly  than  with  near  vision.  The  excitability  of  the  rerina  for  colors  and  brightness  is 
greater  at  a  |>oim  equally  distant  from  the  fovea  centralis  on  the  temporal  than  on  the  nasa)  side  of 
the  eye  (&•*««). 

Perimetric  Chart. — If  the  arc  of  the  perimeter  (Fig.  493)  be  divided  into  90  degrees,  bej^inning 
Bl  the  fualion  i>oint  (central  point),  and  pn»cecding  to  L  ami  M  { Fig.  494) ;  and  if  a  scries  of  con- 
centric  circles  be  inscribed  on  this,  with  the  point  of  fixation  as  their  centre,  we  can  construct  a 
i^poj^afhical  chart  of  the  visual  capacity  of  the  normal  or  healthy  eye  from  the  data  obtained  by 
the  examination  of  the  retina. 

Fig.  494  is  an  cxami>Ie;  the  rhick  lines  indicate  a  diseased  eye.  the  corresponding  fhin  lines  a 
healthy  eye.  The  continuous  line  indicates  the  limits  for  the  perception  of  white;  the  intemipteil 
line  that  fur  blue;  the  punctuated  and  interrupted  line  that  for  red;  m  ts  the  blind  spot  {Ifirich- 
^rg).     In  the  normal  eye  the  limits  for  the  perception  of 
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V.  Specific  Energy. — The  rods  and  cones  alone  are  endowed  with  what 

Johannes  Miiller  called  *'  specific  energy,^'  t,  e.,  they  alone  are  set  into  activity  by 
the  ethereal  vibrations,  to  produce  those  impulses  which  result  in  vision.  Meckan- 
icai  and  electrical  stimuli,  however,  when  applied  to  any  part  of  the  course  of 
the  nervous  apparatus,  produce  visual  phenomena.  Mechanical  stimuli  are  more 
intense  stimuli  than  light  rays,  as  shown  by  performing  the  dark  pressure  figure 
with  the  eyes  open  (§  393,  5,  a),  whereby  the  circulation  in  the  retina  is  inter- 
fered with  {Bonders^',  m  the  region  of  pressure  we  cannot  see  external  objects 
which  affect  the  retina  uniformly  and  continuously. 

VI.  The  duration  of  the  retinal  stimulation  must  be  exceedingly  short,  ju 
the  electrical  spark  lasts  only  0.000000S68  second  ;  still,  as  a  general  rule,  a  shorter 
time  is  required  the  larger  and  brighter  the  object  looked  at.  Alternate  stimoU- 
tion  with  light,  17  to  18  times  per  minute,  is  perceived  most  intensely  {Britcki\ 
Further,  an  increase  or  diminution  of  o.oi  ]Mrt  of  the  intensity  of  the  light  it 
perceptible  (§  383).  A  shorter  time  is  required  to  perceive  yellow  than  »  re- 
quired for  violet  and  red  {^Vierordf).  The  retina  becomes  more  sensitive  to  light 
after  a  person  has  been  kept  in  the  dark  for  a  long  time,  and  also  aRer  repose 
during  the  night.  If  light  be  allowed  to  act  on  the  eyes  for  a  long  time,  and 
especially  if  it  be  intense,  it  causes  fatigue  of  the  retina,  which  begins  sooner  io 
the  centre  than  in  the  periphery  of  the  organ  {Auhert),  At  first  the  fatigue  come* 
on  rapidly  and  afterward  develops  more  slowly  ;  it  is  most  marked  in  the  momiog 
(.A.  P/cA,  C.  F.  Mailer).  The  periphery  of  the  retina  is  specially  characleriMd 
by  its  capacity  for  distinguishing  movements  (Sxner). 

VII.  Visual  Purple. — The  mode  of  the  action  of  light  upon  the  end  orgtn« 
of  the  retina  has  already  been  referred  to  in  connection  with  the  **  visual purpU*' 
[or  Rhodopsin]  {Boll,  K&hne).  Kiihne  showed  that,  by  illutninating  the  retina, 
actual  pictures  (c.  ^.,  the  image  of  a  window)  could  be  produced  on  the  retina, 
but  they  gradually  disappeared.  From  this  point  of  view  we  might  regard  the 
retina  as  comparable,  to  a  certain  extent,  to  the  sensitive  plate  of  a  photographic 
apparatus. 

Optogrrann. — The  visual  purple  is  formed  by  the  pigment  epithelium  af  the  retina.  rcrha|»*c 
mi^ht  compare  the  process  to  a  kind  of  secretion.  The  visual  purple  may  be  reuored  in  a  retina 
by  laying  the  Uuer  ui>on  living  choroidal  epithelium.  The  |Ht;nient  HinppeAfs  from  the  muuu- 
Imti  retina  by  the  acUoii  of  light  to  times  more  rapitlly  thAfi  from  the  retina  of  the  fraf.  Ib  a 
raliSii's  eye,  whose  pupil  was  dilated  with  atropin,  EwaM  and  Ktihac  ubuined  a  sharp  pictnr  or 
optogram  of  a  bright  object  placed  at  a  diMance  of  34  cm.  from  the  eye;  the  image  was  *'tiied  " 
by  a  4  per  cent,  solution  or  ^lum.  Visual  purple  withstands  all  ihc  oxidizing  reagciui;  linc  chloride, 
acetic  acid  and  corrosive  sublimate  change  it  into  a  yellow  sul^stance ;  it  become*  wkitt  only  thravgh 
the  aaioQ  of  light;  the  dark  heat  rays  are  without  effect,  while  il  is  decmnpawd  above  a  tempera- 
ture of  52°  C.  [As  visual  purple  is  absent  from  the  cones,  and  cones  only  are  preacDt  la  the  fotct 
centralis,  we  cannot  explain  vision  by  optugrams  formed  by  the  visual  purple.] 

VIII.  Destruction  of  the  rods  and  cones  of  the  retina  causes  correspond- 
ing dark  s[iots  in  the  field  of  vision. 

396.  PERCEPTION  OF  COLORS.- PhyBical.—The  vibratlootof  (he  lieht  flheraic  fw*- 
ccivcd  by  the  retina  only  within  distinct  limits.  If  a  beam  of  white  light,  t.  f,.  from  (he  *tm.  t« 
Iran'miltcd  through  a  prism,  the  light  nlys  arc  refracted  and  dis^icrsed.  and  a  **  priamatlc  s|»ec- 
trum  "  (Kig.  t4)  is  obtained.  White  light  contains  ray*  of  very  different  wave  lengths  or  pcnadli 
of  \-ibnition.  The  dark  heat  rays,  whose  wave  length  is  0.00194  mm.  {/''i:<au),  are  refracted  Intf. 
They  do  not  act  upon  the  retina,  and  are  therefore  invisible.  They  act,  however,  vpeta  arfnen 
nerves.     About  90  per  cent,  of  these  rays  is  absorbed  by  the  media  of  the  eye  {BHitkt  and  A'mtS- 
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hmeh^  Cima,  Jansen).  From  Fnrocnhofer's  line.  A,  onward,  the  oscillations  of  the  lij^fat  ether 
cxfite  the  retina  in  the  following  order:  Red  with  4S1  billions  of  vibrations  |)er  second,  orattft 
with  lyi.yeiiifw  with  563,  grem  with  607,  h/uf  with  653,  inJt);o  with  676,  and  vinUl  with  764  hil- 
lian  vibrations  per  second.  The  sensation  of  color  therefore  depends  on  the  number  of  vibra- 
tions of  the  light  etbcr,  jasl  as  the  pilch  of  a  note  depends  on  the  number  of  vibrations  of  the 
sounding  \xAy  {Xnvtom,  1704  ;  H'trtley.  ty^j).  Beyond  the  violet  lie  the  chemically  active 
[actinic]  rays  of  the  spectrum.  After  cutting  out  all  the  spectrum,  indudii^  the  violet  rays,  v. 
FiclmhoUf  succeeded  in  seeing  the  ultraviok-t  rays,  which  had  a  feeble  grayish-blue  color.  The 
heat  rays  In  the  colored  part  of  the  spectrum  are  transmitted  by  the  media  of  the  eye  in  the  same 
way  as  through  water  (/><im:).  The  existence  of  the  uitra-viotet  rays  is  best  aM:ertained  by  the 
phcuomcnou  of  fluorescence.  Von  Mclmholtx,  on  illuminaling  a  solution  of  sulphate  of  quinine 
with  the  u]ira-viu)et  rays,  saw  a  bluish  while  light  proceeding  from  all  parts  of  the  solution  which 
were  acted  on  by  the  ultraviolet  rays.  As  the  media  of  the  eye  themselves  exhibit  flaore^ence 
(v.  ifetmholtx,  Sftuhtntnu),  they  muit  increase  the  fwwer  of  the  retina  to  disimguish  ihesc  rays. 
The  ullra-violel  rays  are  not  largely  absorbed  by  the  media  of  the  eye  {Brfuke,  Dontfers). 

In  order  that  a  culor  be  perceived,  it  is  essealial  that  a  certain  quantity  of  light  must  fall  upon  the 
retina.  Blue,  when  at  the  lowest  degree  of  brightness,  gives  a  color  sensation  with  a  quantity  of 
light,  which  is  sixteen  times  leas  than  that  required  for  red  {Dohrotnioiky). 

Intensity  of  the  Impression  of  Light. — While  light  of  different  periods  of  vibration  amilied 
to  the  eye  excites  the  different  sensations  of  color,  the  amplitude  of  the  vibrations  (height  of  the 
waves)  determines  the  intensity  of  the  impression  of  light ;  just  as  the  loudness  of  a  note  depends 
on  the  amplitude  of  the  vibrations  of  the  sounding  body.  The  sun's  light  contains  all  the  rays 
which  excite  the  sensation  of  color  in  us,  and  when  all  these  rays  fall  simultaneously  upon  the  retina 
we  ex|venence  the  sensation  of  white.  If  the  colors  of  the  spectrum  obtained  by  means  of  a  prism 
be  reunited,  white  Ught  is  again  obtained.  If  no  vibrations  of  the  light  ether  reach  the  retina,  every 
sensation  of  light  and  color  is  .ibieni,  but  we  can  scarcely  apply  the  term  black  to  thi-i  condition. 
It  ii  rather  the  absence  of  sensation,  such  as,  for  c^amplc,  is  the  case  when  a  t<am  of  li^ht  falls 
on  the  skin  uf  the  back.  This  dues  not  give  the  sensation  of  black,  but  rather  that  of  no  sensation 
of  tight. 

Simple  and  Mixed  Colors. — We  distinj,Miish  simple  colors,  ^.  g.,  those  of 
the  spectnim.  In  order  to  perceive  these,  the  retina  nitist  he  excited  (set  into 
vibration)  by  a  distinct  number  of  oscillations  (see  above).  Further,  we  distiti- 
guish  **  mixed  colors,"  whose  sensation  is  produced  when  the  retina  is  excited 
by  two  or  more  simple  colors,  simultaneously  or  rapidly  alternating.  The  most 
complex  mixed  color  is  white,  which  is  composed  of  a  mixture  of  all  the 
simple  colors  of  the  spectrum. 

The  "  complementary  colors'*  are  important.  Any  two  colors  which  to- 
gether give  the  sensation  of  white  are  complementary  to  each  other.  The  *'  con- 
trast colors  "  are  mentioned  here  merely  to  complete  the  list.  They  are  closely 
related  to  the  complementary  colors.  Any  two  colors  which,  when  mixed,  sup- 
plement the  generally  prevailing  tone  of  the  light,  are  contrast  colors.  When  the 
.•fky  is  blue,  the  two  contrast  colors  must  be  bluish  white;  with  bright  gaslight 
they  must  be  yellowish  white,  and  in  pure  white  light,  of  course,  all  the  comple- 
mentary arc  the  same  as  the  contrast  colors  {Brihke). 

Methods  of  Mixing  Colors.— 1.  Two  solar  spectra  are  projected  upon  a  screen,  and  the  spectra 
are  so  arranged  as  to  cause  any  one  part  of  one  spectnim  to  cover  any  pan  of  ihe  other.  3.  I..ook 
nblic|uely  through  a  vertically  arran^eil  glass  plate  at  a  color  placed  behind  it.  Another  color  is 
pliced  in/roni  oi  the  glass  plate,  so  ibat  its  image  is  also  redected  into  the  eye  of  the  ohservr r  ; 
thus,  the  light  of  one  color  transmitted  through  the  glas-'^  plate  and  the  retlecied  light  from  the  other 
color  reach  the  eye  stmultancously.  [Lambert's  Method. — This  is  easily  done  by  Lambert's  method. 
Use  colored  wafers  and  a  <^]ip  of  glass ;  place  a  red  warcr  on  a  .sheet  of  white  paper,  and  alx>ut  three 
inches  behind  it  another  blue  one.  Hold  (he  plate  of  glass  midway  anil  vertically  iKrlween  (hem, 
and  so  incline  the  glass  that,  while  looking  throngh  it  at  the  red  wafer,  a  reflected  image  of  the  blue 
one  will  be  prnjected  into  the  eye  in  the  same  direction  as  that  of  the  red  image,  when  we  have  the 
sensation  of  purple.] 

3.  A  rotatory  disk,  with  sectors  of  various  colors.  Is  rapidly  rolale^l  in  front  of  the  eyes.  Ot\  rapidly 
rotating  the  colored  disk,  the  imprcft.Mnos  produced  by  the  individual  colors  are  united  to  produce  a 
mixed  color.  If  the  rotating  disk,  which  yield*,  let  us  »uppo4e,  while,  on  mixing  the  Colors  of  the 
spectrum,  be  reflected  in  a  rapidly  rotating  mirror,  then  the  individual  componenis  of  ihe  white  re* 
appear  ( i.nntioh). 

4.  l*lace  in  front  of  each  of  the  small  holes  in  the  cardlward  used  for  Scheiner's  experiment 
(Fig.  471),  two  dilferently  colored  pieces  of  glass;  the  colored  ra}5  of  light  passing  through  the 
holes  unite  on  the  retina,  and  produce  a  mixed  color  [Cxernmi), 
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Complementary  Colors. — Investigation  shows  that  the  following  colors  of  the  tpectniin 
complementary,  i.  r.,  every  pair  gi»es  ri»e  to  white  :— 

Red  and  gre<ni»h-blue,  Grunge  and  Cyan  blue, 

Yellow  and  tudigO'hluc,  Greenish  yellow  and  violet, 

while  green  has  ihe  compt^und  complementary  color  purple  {v.  IMmhetli). 

The  mixed  colors  may  be  determined  from  the  following  table.  At  the  top  of  the  vertical 
horizonial  columns  are  placed  the  simple  colors-,  the  mixed  colors  occur  where  ibey  interMCt 
com^onding  vertical  and  horizontal  columni  (Dk.  =s  dark ;  wK  =  whitiibj  \— 


Violet, 

Indigv. 

Cyan.blm. 

Bluiib-STMS. 

Green. 

Gi>uehh.y«lhiw. 

Team. 

lUd 

Otui* 

Yellow 

Gr.'VtUow 

Green 

Bluiih-CT*en 

CyanOfue 

Purple 

Dk-roM 

Wh.>fo«e 

White 

Whiicblue 

Water-blue 

Indigo 

Dk.-roM 

Wh..ro« 

White 

Wn.-sreeo 

W.te^-bkH: 

WateM)lue 

Wh.-roH 

White 
Wh.-«reen 
Wh-srecn 
Bl.-(recn 

White 
Wh  -yellow 
Wh.. yellow 
Crccn 

Wh-yellow 

Velli.w 

Gr.-yellow 

Gold^tow 
VeltoW 

Oth^i. 

>                 ■      • 

"    *  * 

/ 


The  following  results  have  been  obtained  from  observations  on  the  mixture  of 
colors: — 

X.  If  two  simple,  but  non-complementary,  spectral  colors  be  mixed  with  each 
other,  they  give  rise  to  a  color  sensation,  which  may  be  represented  by  a  color 
lying  in  the  spectrum  between  both,  and  mixed  with  a  certain  quantity  of  while. 
Hence  we  may  produce  every  impression  of  mixed  colore  by  a  color  of  the  spec- 
trum -f  white  {Grassmatt). 

3.  The  less  white  the  colors  contain  the  mare  '*  saturated  "  they  are  said  to 
be ;  the  more  white  they  contain  they  appear  more  unsaturated.  The  saturation 
of  a  color  diminishes  wuh  the  intensity  of  the  illumination. 

Geometrical  Color  Table. — Since  the  time  of  Newton  attempts  have  l>een  made  In  ocMuAfSCt 
a  so-called  "  geometrical  color  tabic,"  which  will  enable  any  mixed  color  to  Ic  readily  fuond.     Fi^. 

495  shows  such  a  color  laMe ;  white  is  pUocd 
Fig.  4Qj.  i"  '^'  middle,  and  irtym  it  to  every  point  in  the 

.  curve, — which  is  marked  with   the  nanef  ef 

Ihe  colors, — supfxise  each  color  in  be  »n  pIaoe«l 
that,  proceeding  from  white,  thr  colont  are  ar 
ranged,  beginning  with  ihe  brightest  lone,  then 
always  follows  the  mou  ulurairiJ  tunc,  until 
the  pure  saturated  H|)edral  color  lies  in  the 
point  of  the  curve  marked  with  the  name  of 
the  color.  The  mixed  color  purple  \*,  placed 
iMTtwecn  violet  and  red.  In  onier  to  dctennia* 
from  this  table  the  mixed  color  of  any  two 
> Yellow  spectral  colors,  unite  the  p<Hnis  of  lhc«e  w\i>t% 
hy  a  straight  line.  Suj>pn«e  weights  cone* 
spending  to  the  units  of  intensity  at  tliesc 
colors  be  placed  on  both  points  uf  the  curve 
indicating  colors,  then  the  position  of  the 
centre  of  gravity  of  both  in  the  bne  canned- 
ing  the  colors  indicates  the  poMiion  fd  %\m 
mixed  color  on  the  t.ihte.  The  mixed  ootor 
of  two  spectral  colors  alwaj-s  lies  on  the  color 
table  in  the  straight  line  connecting  the  two 
color  points.  Further,  the  impmsioa  of  the 
mixed  color  corresponds  to  an  intermediate  spectral  color  mixed  with  white.  The  complementair 
color  of  any  spectral  color  is  found  at  once  by  milking  a  line  from  the  point  of  this  culor  ihroagn 
white,  until  it  intersects  the  op^xraitc  margin  of  the  color  table  ;  the  point  of  intersection  inilicalct 
the  complementary  color.  If  pure  white  be  produced  by  mixing  two  complementary  colors^  the 
color  lying  nearest  white  on  the  connecting  line  must  be  specially  flrong,  as  then  only  would  Ac 
centre  of  gravity  of  the  lines  uniting  both  colon  he  in  the  point  marked  white. 

By  means  of  the  color  table  we  may  ascertain   the   mixed  eohr  t/f  ihrtt  or  mare  (mhn.     For 
example,  it  is  required  to  tind  the  mixed  color  resulting  from  the  union  of  the  (loint.a  |p«ltftOovU 
d  (fairly  saturated  bluish-green),  and  c  (fairly  saturated  blue).     On  the  three  points  placv 
coircsponding  to  their  intensities,  and  ascertain  the  centre  of  gravity  of  Ihe  n'eighl. «,  4.  r,'  it  will 


/ 


Cyan  blue. 


Green 


\ 
\ 


iDdigD 


White 


Violet 


\Orange 


Red 


Gcomecrical  color  cone  or  ubir 


I 
I 


HERINGS  THEORY   OF   COLOR  SENSATION. 


793 


lie  aX  p.  It  ii  obvious,  however,  that  the  Iraprcssion  of  this  mixed  color,  whitish  (>reen-bluc.  can 
he  protluced  by  green  blue  +  white,  so  thai  /  may  be  also  the  centre  of  gravity  of  two  weighta, 
which  lie  in  the  line  connecting  white  and  (rrecn-blue. 

We  may  dctcribc  a  tridUKle,  V,  Gr,  K,  about  the  color  table  so  as  to  enclose  it  completely.  The 
three  fundamental  or  primary  colors  lie  in  the  angles  of  this  triangle,  red,  green,  violet.  U  1$ 
evident  that  each  of  the  colored  imprcssionR.  i.  e.,  any  point  of  the  color  table,  may  be  determined 
by  placing  weights  corresponding  tu  ihc  intensity  of  the  primary  eohrs  at  ihc  angles  of  the  triangle, 
so  that  the  point  of  ihe  color  table,  or.  \vh.-it  is  the  same  thing,  the  desired  mixed  color,  is  the 
centre  of  gravity  of  the  triangle  with  its  aoRles  weighted  as  above.  The  intensity  of  the  thr«c 
primary  colors,  in  order  to  produce  the  mixed  color,  must  be  represented  in  the  same  proportion  as 
the  u  eights. 

Theories. — Various  theories  have  been  proposed  to  account  for  color  sensation. 

1.  According  to  one  theory,  color  sensation  is  produced  by  one  kind  of  element  present  in  the 
retina,  being  excited  in  difftrfnl  iiHiys  by  light  of  different  colors  (oscillations  of  Ihe  light  ether  of 
dtfTereni  wave  lengths,  number  of  vibrations,  and  refractive  indices). 

2.  Young-Helmholtz  Theory.— The  theory  of  Thomas  Young  (1807)  and 
V.  Helmholtz  (1S52)  assumes  that  three  different  kinds  of  nerve  elements, 
corresponding  to  the  three  primary  colors,  are  present  in  the  retina.  Stimulation 
of  the  first  kind  causes  the  sensation  of  red,  of  the  second  green,  and  of  the 
third  violet. 

The  eicmcnts  sensitive  to  red  arc  inost  strongly  excited  by  light  with  the  longest  wave  length,  the 
red  rays;  those  for  green  by  medium  wave  lengths,  green  rays;  those  for  violet  b>*  the  rays  of 
shortest  wave  length,  violet  rays.  Further,  it  is  assumed,  in  order  to  explain  n  number  of  phe- 
nomena, that  n>ery  tohr  ,/  tkt  spectrum  excites  ,tll  Ihe  kimls  of  fibres,  some  of  thnn  feebly,  otkfrs 
strongly.  Suppose  in  Fig.  496  the  colors  of  the  spectrum  arc  arranged  in  their  natural  order  from 
red  to  violet  horizonlal  y,  then  the  three  curves  raised  upon  the  abscissa  might  indicate  the  strength 
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of  the  stimulation  of  (he  three  kinds  of  retinal  elements.  The  continuous  curve  corresponds  to  the 
rays  producing  the  sensation  of  red,  the  dotted  line  that  of  green,  and  the  broken  line  that  of  violet. 
Pure  red  light,  an  indicated  by  the  height  of  the  urdinates  m  R,  strongly  excites  the  elements  sensi> 
live  to  red,  and  feebly  the  other  two  kinds  of  teririna'iuns,  resulting  in  the  sensation  of  red.  Simple 
yellow  excites  moderately  the  elements  for  red  and  green,  and  feebly  ihose  U)T  violet  ^  sensation 
oi  yellow.  .Simple  green  excites  strongly  the  elem^nU  for  green,  but  much  mnre  feebly  the  two 
other  kinds  —  sensation  oi green.  Simple  blue  excites  to  a  moderate  extent  the  elements  for  green 
and  violet ;  more  feebly  ihose  for  red  —  sensation  of  b/ue.  Simple  violet  excites  strongly  the  cor- 
responding elements,  feebly  the  others  ^  sensation  of  xnolet.  Stimulation  of  any  two  elements  ex- 
cites the  impression  of  a  mixed  color;  while,  if  all  of  them  be  excited  in  a  nearly  equal  degree, 
Ihe  sensation  of  while  is  produced.  As  a  matter  of  fact,  the  Young-Helmholtz  theory  gives  a  clear 
and  simple  explanation  of  the  phenomena  of  the  physiological  doctrine  of  color.  It  has  been  at- 
tempted to  make  llie  results  obtained  by  examination  uf  the  structure  of  the  retina  to  accord  with 
thii  view.  According  10  Max  Schulize,  the  tonei  alone  are  end  organs  connected  with  the  percep- 
tion of  color.  The  presence  of  longitudinal  striatiun  in  their  outer  segments  is  regarded  as  consti- 
tuting them  multiple  tenninal  end  organs.  Our  power  of  color  sensation,  so  far  as  it  depends  on 
the  retina,  would,  on  this  view  of  the  matter,  bear  a  relation  to  the  number  of  cones.  The  degree 
of  color  sensaiioi)  is  vaiyA  developed  in  the  macula  lutea.  which  contains  only  cones,  and  diminishes 
as  the  distance  firom  the  point  increases,  while  it  is  al^.'^ent  in  the  peripheral  pans  of  the  retina. 

The  rods  of  the  retina  are  said  to  be  concerned  only  with  the  capacity  to  distinguish  l>etweeD 
(|uantitative  sensations  of  light. 

3.  Hering's  Theory. — Ew.  Hering,  in  order  to  explain  the  sensation  of  light,  proceeds  from 
the  axiom  stated  under  t,  p.  7q2.  What  we  are  conscious  of,  and  call  a  visual  sensation,  is  the 
psychical  expression  for  the  metaboltam  in  the  visual  substance  ("  SehsubUnnt  "  |,  i.e.^  in  those 
n -rve  masses  which  are  excited  in  the  process  of  vJMon.  Like  every  other  corporeal  matter,  ttiis 
su  stance  during  the  activity  of  the  metabolic  process  undergoes  decomposition  or  *'  diaaBsimila- 
tion;"  while  during  rest  it  musi  be  again  renewed,  or  "  assimilate "  new  materia].  Hering 
assumes  that  for  the  perception  of  white  (bright)  and  black  (dark),  two  different  qualities  of  the 
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chemical  processes  Ukc  place  in  the  visual  substaace,  to  that  the  scn«Ation  of  white  or  bright  oor- 
re&ponds  to  the  diaasainiUation  (decompouiionK  and  that  of  black  (dark)  to  the  aasltniUtioo 
(restitution)  of  the  visual  substance.  AcconJinf*  to  thif  view,  the  diffcrcDt  degrees  of  distiMincM 
or  intensity  with  which  these  two  *ensations  appear,  occur  in  tlic  several  irantiiions  Iwtweefi  pore 
white  and  deep  black,  or  the  proportions  in  which  they  appear  to  be  mixed  (gray  t<  cormpond  to 
the  intensity  of  these  two  psycho- physical  processes.  Thus  the  coasumpitoa  and  TestituttoD  of 
matter  in  the  visual  substance  are  the  primary  processes  in  the  sensation  of  white  and  bUck.  In 
the  production  of  the  sensation  of  white,  ihc  cnn^umpiton  of  the  visual  substance  u  cauied  by  the 
vibraiinj;  ethereal  waves  actittg  as  the  discharging;  force  or  stimulus,  while  the  degree  of  the  aeua- 
tion  of  whiteness  (brightness)  is  propoitional  to  the  quantity  of  the  matter  consumed.  The  prooeM 
of  rcMitution  <Hscharges  the  sensation  of  black  ;  the  more  rapidly  it  occurs  the  strong^  is  the  ien- 
sation  of  black.  The  consumption  of  the  visual  sub!>tancc  at  one  place  causes  a  greater  restitulinu 
in  the  adjoining  parts.  Ik>ih  processes  influence  each  other  simultaneously  and  conjointly.  Thw 
explains  pbysiolo^^ically  the  phenomenon  of  contraat  (p.  799),  of  which  the  old  view  could  ^ivc 
only  a  psychical  interpretation.  Similarly,  color  sensation  is  regarded  as  a  sensation  of  deooa- 
position  (disassimtlalion)  and  one  of  the  restitution  (assimilation) :  i»  addition  to  jokUe.  m/  and 
yclitnv  are  the  expression  of  dcCom]jOMliun  ;  while  green  and  hlue  icpresenl  the  sensation  of  roii- 
tuiion.  Thus  the  visual  substance  is  subject  to  three  diflVrent  ways  of  chemical  change  or  mcti- 
bolistn.  We  may  thus  explain  the  colored  phenomena  of  contrast  and  the  complementary  after 
images.  The  sensation  of  black-white  may  occur  simultaneously  with  all  colon,  so  thai  every 
color  sen^tion  is  accompanied  by  that  of  dark  or  bright,  50  that  we  cannot  have  an  ahsohitely  pvre 
color.  There  arc  three  different  constituents  of  the  visual  substance  ;  that  connected  with  t)«  teo- 
sation  of  black-white  (colorless),  that  with  blue  yellow,  and  that  with  red  green.  All  the  nyi  of 
the  visible  spectrum  act  in  di'^^&imilating  the  black-white  substance,  but  the  <1ilTerent  niy»  aa  ia 
different  degrees.  The  blue  yellow  or  red  f;recn  substances,  on  the  other  hand,  arc  diussimiUtedanlf 
by  certain  rays,  some  rays  cau^iIlf;  as.Mmi1ation,and  uthem  are  inactive.  Mixed  li^t  a|}pcar*  colorles 
when  it  causes  an  equally  ^rnnj^  disassimilution  and  auimilaiion  in  the  blue-yellow  and  in  the  k4- 
i^rcen  sul>stancr,  so  l^at  the  two  processes  mutually  amofjonizc  eich  other,  and  the  action  on  ihc 
black-white  substance  appears  pure.  Two  objective  kinds  of  Ilgbt.  which  together  yield  whitr.aK 
not  to  be  regarded  as  complementary,  but  as  antagonistic  kinds  of  light,  as  they  do  not  5U|if4eTncal 
each  other  to  proiUice  white,  but  only  allow  thti  to  appear  pare,  bcxausc,  being  aotagDniauc,  thry 
mutually  prevent  each  other's  action. 

The  imperfection  of  the  Voung-Helmholtz  theory  of  color  sensntion  ts  that  il  recognizes  ooIt  eue 
kind  of  excitability,  excitement  and  fatigue  (corresponding  to  Hering's  dtMiwmilatioo'),  and  ual  il 
ignores  the  Rnta4^oni>tic  relation  of  certain  light  rays  to  the  eye.  It  does  not  regard  w-httc  as  cna- 
sisting  of  complomeniary  ilchi  rays,  which  neutralize  each  other  by  their  action  on  the  colorad 
visual  substance,  but  a*  uniting  to  form  white  [Hering). 

In  applying  this  theory  to  color  blindness  (§  397)*  we  most  assume  i)Mt 
those  who  are  red  blind  want  the  red-green  vistial  substance ;  there  are  but  two 
partial  spectra  in  their  solar  spectruin,  the  Ijlack-white  and  the  yellow-blue.  The 
position  of  green  appears  to  such  an  one  to  be  colorless  ;  the  rays  of  the  x^  pert 
of  the  spectrum  are  so  far  visible,  as  the  sensation  of  yellow  and  white  pi^uced 
by  these  rays  is  strong  enough  to  ext:ite  the  retina.  Hering  divides  his  spectmra 
into  a  yellow  and  a  lilue  half.  A  violet-blind  jtenion  wants  the  ycllow-bhic 
visual  substaiw  e ;  in  his  spetlrum  there  arc  only  two  t>artial  si)eclra,  the  black- 
while  and  the  red-green.  In  cases  of  complete  color  blindness,  the  yellow- 
blue  and  red-green  substances  are  absent.  Hence,  such  a  ijcnson  has  only  the 
sensation  of  bright  and  dark.  The  sensibility  to  light  and  the  length  uf  the 
spectrum  are  retained  ;  the  brightest  part  in  this  i:ase,  as  in  the  normal  eye,  is  io 
the  yellow  {Hering). 

Von  Kries  devised  the  following  experiment  acaint  Hering's  theory:  Arrange  two  gray  tnffiircs. 
one  formed  liy  mixing  white  and  bUck,  the  other  by  yellow  and  blue,  ami  let  both  appear  eqoaOy 
an  intense  gray.  On  staring  at  a  red  ohjcd  an  these  surfaces  until  the  retina  is  fiitigued,  and  mtfl 
Ihc  object  disappears,  a  gray  after  imaf^e  appears  in  both  cases.  The  mixture  of  yellow  and  btaf 
cannot  in  tbi'i  case  have  acted  as  in  cauf);  restitution  of  the  red  gray  sut>stance;  this  is  done  rather 
by  the  mixed  gray  composed  of  white  and  black. 

397.  COLOR  BLINDNESS  AND  ITS  PRACTICAL  IMPORT- 
ANCE.— Causes, — By  the  term   color  blindness   I  Dyschromatopsy)  i» 

meant  a  pathological  condition  in  whi(  h  some  individuals  are  unable  to  distin- 
guish certain  colors.  Huddart  (1777)  was  acquainted  with  the  condition,  bat  it 
was  first  accurately  described  by  Dalton  (1794),  who  himself  was  red  blind. 
The  term  color  blindness  was  given  to  it  by  Brewster. 
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Hjc  supporters  of  the  Young-llelmholu  theory  assnme  that,  corresponding  lo  the  paralysis  of  ihc 
three  CoIor-percciving  clrmcnt-i  of  the  retina,  there  are  the  followinfr  kinds  of  color  blindness:— 

I.  Red  blindness.        2.  Green  blindness.        3.  Violet  blindness. 
The  highest  degree  being  termed  complete  color  blindness. 

The  supporters  of  E.  Hering's  theory  of  color  senwition  distingoish  the  following  kinds:— 

1.  Complete  Color  Blindness  {Achromatopsy). — The  spectrum  ap]}ears  achromatic;  the 
position  of  ilic  grccnlsh-ycilow  is  the  hrighlest,  while  it  is  darker  on  Iwrh  sides  of  it.  A  colored 
picture  appears  like  a  photograph  or  an  engraving.  Occasionally  (he  different  degrees  of  light 
imensiiy  are  perceived  in  one  shade  of  color,  r.^.,  yellow,  which  cannot  be  compared  with  any  other 
c«»lor.  O  Brckcr  and  v,  Ifipjicl  oUserveil  cases  of  unt/a/era/  congenital  complete  color  blindness, 
while  the  other  eye  wai^  normal  for  color  perception. 

2.  Blue-yellow  Blindness  (S/i//in^). — The  spectrum  is  dichromatic,  and  consists  only  of  red 
and  green.  The  hluc  violet  end  of  the  sjiectruni  is  usually  preaily  shortened.  In  pure  cruses  only 
the  red  and  fn^een  are  correctly  distinguished  (Mauthner's  Erythrocbloropyj,  but  not  the  other 
colors.     Unilateral  ca^rs  have  been  oliservcd. 

3.  Red -green  Blindness. — The  si>ectrum  is  also  dichromatic.  Yellow  and  blue  are  correctly 
distinguished ;  violet  and  blue  are  boih  taken  for  blue.  The  sensations  for  red  and  green  are  absent 
aUojjcthcr.  There  are  several  funns  of  this — (a)  Green  blindness,  or  the  red  green  blindness, 
with  undiminished  spectrum  (Mauthner's  Xanthokyanopy),  in  which  bright  green  and  dark  red 
are  confounded.  In  the  spectrum  yellow  abuts  directly  on  blue,  or  between  the  two;  at  most,  there 
is  a  strip  of  gray.  The  maximum  of  brightness  is  m  the  yellow.  It  is  often  unilateral  and  often 
hereditary,  {f')  Red  bUndness  (or  the  red-green  blindness  with  undiminished  <;pectrumt  also 
called  Daltonism),  in  which  Urighl  red  and  dark  green  arc  confounded.  The  spectrum  consists 
of  yellow  and  blue,  but  the  yellow  lies  in  the  orange.  The  red  end  of  the  spectrum  is  nncolored, 
or  even  dark.  The  greatest  brightness,  as  well  as  the  limit  between  yellow  and  blue,  lies  more 
toward  the  right 

4.  Incomplete  color  blindness,  or  a  diminished  color  sense,  indicates  the  condition  in  which 
the  acuieness  of  color  perce[)tion  is  diminLshed,  so  that  the  colors  can  be  detected  only  in  large 
objects,  or  only  when  they  are  near,  and  when  they  are  mixed  with  white  ihcy  no  longer  appear  as 
such.  A  certain  degree  of  this  form  is  firequent,  in  as  far  as  many  persons  are  unable  to  distinguish 
green  ish-l)luc  from  hlui*.hgreen. 

Acquired  color  blindness  occurs  in  diseases  of  the  retina  and  atrophy  of  the  optic  nerve 
(//rwrtf'iV/),  in  commencing  tabes,  in  some  forms  of  cerebral  disease  (p.  751),  and  intoxications. 
At  Brst  green  blindness  occurs,  which  is  foon  followed  by  retl  blindnes-H.  The  peripheral  zone  of 
the  retina  suffers  sooner  than  the  central  area  (SrAirmtr).  In  hysterical  persons  there  may  be 
intermittent  attacks  of  color  blindness  {CAarcof,  Lamloli);  and  the  same  occurs  in  hypnotized 
persons  (p.  708). 

H.  Cohn  found  that,  on  heating  the  eyeball  of  some  color  blind  persons,  the  color  blindness 
disappeared  temporarily.  Occasionally  in  {>erM>ns  without  a  lens  red  vision  is  present,  and  is  due 
to  unknown  caube^  Percentage. — Holmgren  found  thai  27  per  cent,  of  persons  were  color  blind, 
most  being  rtti  Aiiti _k;r ecn  Idind,  and  very  few  violet  blind. 

Limits  of  Normal  Color  Blindness. — The  investigations  on  the  power  of  color  perception  in 
the  normal  retina  are  best  carried  out  by  means  of  Auheri-Kfirster's  perimeter,  or  that  of  M'llardy, 
\  395.  It  is  found  that  our  color  perception  is  complete  only  in  the  miJHIe  of  the  field  of  vision. 
Around  this  is  a  middle  jwjne,  in  which  only  blue  and  yellow  are  perceived,  in  which,  therefore, 
there  is  red  blindness.  Outside  this  zone  there  is  a  peripheral  girdle,  where  there  is  complete  ailor 
blindness  (^  395)-  Hence  a  red-blind  [Ktson  is  distingjishcd  from  a  person  with  normal  vision,  in 
that  the  central  area  of  the  normal  field  of  vision  is  absent  in  the  former,  this  being  rather  included 
in  the  middle  zone.  The  field  of  vision  of  a  green  blind  person  differs  from  that  of  a  person  with 
normal  vision,  in  that  his  peripheral  zone  corresponds  to  the  intermediate  and  peripheral  fones  of 
the  normal  eye.  Tlie  violet-blind  person  is  distinuuished  by  the  complete  absence  of  the  normal 
peripheral  zone.  The  incomplete  color  blindt^css  of  these  two  kinds  is  charactedxed  by  a  uniformly 
diminished  central  field.  [When  very  intense  colors  are  used,  such  as  those  of  the  solar  spectrum, 
the  retina  can  distinguish  tnein  -[uite  up  to  if  margin  (/.nm/c//).] 

In  poisoning  with  santonin,  vinlct  blindness  (yellow  vision)  occurs  in  consequence  of  the 
paralysif  of  the  violet  perce|nive  retinal  elements,  which  not  unfre^juently  is  preceded  by  stimulation 
of  these  elements,  re-ulting  in  violet  vision,  (.  e.,  objects  seem  to  he  colored  violet  iHH/ner).  Such 
is  the  explanation  of  this  phenomenon  given  by  Holmgren.  Max  Schultrc,  however,  referred  the 
yellow  vision,  /'.  e.,  seeing  objects  yellow,  tn  an  increase  of  the  yellow  pigment  in  the  macula  lutea. 

When  colored  objects  are  very  small,  and  illuminated  only  for  a  short  time,  the  normal  eye  first 
fails  tu  perceive  red  {Auhert,  /.nmansiv);  hence  it  appears  that  a  stronger  stimulus  is  required  to 
excite  the  sensation  of  red.  Briicke  found  that  very  rapidly  intermiitent  white  light  is  perceived 
as  green,  because  the  shorr  duration  of  the  stimulation  failed  to  excite  the  elements  of  ttic  retina 
connected  with  the  sensation  of  red. 

[The  practical  importance  nf  color  blindness  was  pointed  out  by  George  Wilson,  and  again 
more  recently  by  Holmeren.]  No  person  should  be  employed  in  the  marine  or  railway  service 
until  he  has  been  projwrly  certified  to  l>c  able  to  distinguish  red  from  green. 
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Methods  of  Testing  Color  Blindness. — Following  Scebeck,  Holmgren  oted  fmall  sketai 
of  colored  wools  ax  the  siinplesi  ronterial,  in  red,  orange,  yellow,  grecnlsh-yellow,  green,  grecnttb- 
blue,  blue,  violet,  puq>le,  rose,  brown,  sny.  There  are  five  nnely  grsdusied  aluilcs  of  each  of  the 
above  colors.  \Ntien  testing  a  person,  select  only  one  skein— <r.^..  a  bright  red  or  rose — from  the 
mass  of  colored  wools  placed  in  front  of  htm.  and  place  it  aside,  a&Uing  him  to  seek  oat  those  skcim 
which  he  supposes  are  nearest  lo  it  in  color. 

Mace  and  Nacati  have  oieanired  the  acutcncss  of  vition  by  illuminatiog  a  small  ck^CQ  with 
different  parts  of  the  spectrum.  They  compared  the  observations  on  red  and  green  hi"--'  '-■»*"ni 
with  their  own  results,  and  found  that  a  rcd-l>lind  person  perceives  green  light  much  :o 

a  normal  person.     The  green  blind  had  an  excessive  sensibility  for  red  and  violet.      I'     , ,  'luft 

what  the  color  blind  lose  in  perceptive  power  for  one  c  dor  they  gain  for  another. 

398.  STIMULATION  OF  THE  RETINA.— Positive  and  Nega 
live  After  Images^Irradiation— Contrast.— A^  wiih  every  other  nervous 
apparatus,  a  certain  but  small  amount  of  time  elapses  after  the  ra)'S  of  light  fall 
upon  the  eye  before  the  action  of  the  light  takes  place,  whether  the  light  octsso 
as  to  produce  a  conscious  impression,  or  produces  merely  a  reflex  effect  upon  the 
pupil.  The  strength  of  the  impression  produced  de[>ends  partly  and  chiefly  upon 
the  excitability  of  the  retina  and  the  other  nervous  structures.  If  the  light  acts 
for  a  long  time  with  equal  intensity,  the  excitation*  after  having  reached  its 
culminating  point,  rapidly  diminishes  again,  at  first  more  rapidly,  and  afterward 
more  and  more  slowly. 

[When  the  retina  is  stimulated  by  light  there  is  (1)  an  effect  on  the  rho- 
dopsin  (p.  756).  (2)  The  electro-motive  force  is  diminished  (§  332).  (3)  The 
processes  of  the  hexagonal  pigment  cells  of  the  retina  dipping  between  the  rodi 
and  cones  are  affected  ;  thus  they  are  retracted  in  darkness,  and  protruded  in  the 
light  (Fig.  497).  (4)  Engelmann  has  shown  that  the  length  and  shape  of  the 
cones  vary  with  the  action  of  light.  The  cones  are  retracted  in  darkness  and 
protruded  under  the  influence  of  light  (Fig.  497).  This  alteration  in  the  shape 
of  the  cones  takes  place  even  if  the  light  acts  on  the  skin,  and  not  on  the  eyeball 
at  all.] 

After  Images. — If  the  light  acts  on  the  eye  for  some  time  so  as  lo  excite  the 
retina,  and  if  \\  be  suddenly  withheld,  the  retina  still  remains  for  some  Ittne  in  an 
excited  condition,  which  is  more  intense  and  lasts  longer  the  stronger  and  the 
longer  the  light  was  applied  and  the  more  excitable  the  condition  of  the  rclini. 
Thus,  after  every  visual  perception,  especially  if  it  is  very  distinct  and  bright,  then* 
remains  a  so-called  "  after  imni^e."  We  distinguish  a  **  positive  after  image," 
which  is  an  image  of  similar  brightness  and  a  similar  color. 

"  That  the  impression  of  any  picture  remains  for  some  time  upon  the  eye  is  a  physiola^cil  phe- 
nomenon: when  such  an  impression  can  be  si:en  for  a  Ibng  time  it  becomes  poiholngicat.  Titc 
weaker  (he  eye  is  the  longer  the  image  remains  u)xjn  it.  The  rtlina  docs  not  recover  itself  M 
quickly,  and  we  may  rejjard  the  action  as  a  kind  of  paralysis.  This  is  not  to  be  wontUrcd  at  « 
the  case  of  da.uling  picturct.  After  looking  at  the  sun.  the  imafc  may  remain  on  the  retina  br 
several  days.  A  similar  result  somelimcs  occurs  with  pictures  which  are  not  dai/ling.  Bosch  rccofds 
that  the  impression  of  an  engraving,  with  all  its  details,  remained  on  his  eye  for  17  mlnotcs." 

Experimenta  and  ApparatuB  for  Positive  After  Images. — i.   When  a  tMiming  tfkk  ii 

rapidly  rotated  it  nppcars  as  a  fit?ry  circle. 

2.  The  tbaumatropc  of  Pans. 

3.  The  phanakisto&cope  {Plattau\  or  the  stroboacopic  disks  [Stampftr),  Upon  a  dbk  or  a 
cyHnder  a  series  of  objects  art:  so  depicted  that  succci^ive  drawings  represetit  individual  facias  of 
one  cuntinuouft  mnvcmciit.  On  loukiii|r  thruu);li  an  upeiiin^  at  such  a  disk  rotated  ra^Mily,  we  tee 
pictures  of  (he  different  phases  movinnF  so  quickly  that  the  one  rapidly  folloirs  the  one  in  (root  of 
IL  As  the  impression  of  the  one  picture  remains  until  the  following  one  takes  its  place,  it  has  the 
appearance  as  if  the  successive  phases  of  the  niovcnieiit  are  conltnuous,  and  are  one  and  the  atme 
li^ure.  The  apparatus  under  the  name  tif  zoetrope,  which  is  CKtensively  used  as  a  toy,  is  ^enenily 
stated  to  have  been  invented  in  1S32.  It  was  described  by  Cardaniu  in  1550.  It  may  be  naed  to 
rcprcjtcnt  certain  Diovemenis,  e.  j^' ,  of  the  spermatozoa  and  ciliary  motion  [PurJtimjf  anJ  f'mJemtimu 
the  movemeiili  of  the  heart  .ami  iho>e  of  Iucoin»»(ion. 

rillusiona  of  Motion. — fiilvanus  P.  Thompson  points  out  thai  if  a  seiici  of  conccotric  ordcs 
in  black  and  while  be  made  on  paper,  and  the  sheet  on  which  the  circles  are  drawn  be  awvol  vlth 
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a  motion  as  if  one  were  rinsing  out  a  pail,  but  with  2  very  minute  radius,  then  bII  the  circles  appear 
to  rotate  with  the  same  angular  velocity  n5  that  impanetl.  Profetsor  Thompiion  has  contrived  other 
forms  of  this  illusion,  in  the  form  of  Strobic  disks.] 

4.  The  color  top  contains  on  the  sectors  of  iti  disk  (he  colors  which  are  to  be  mixed.  As  (be 
color  of  each  sector  leaves  a  condition  of  exciuiion  for  the  whole  duration  of  a  revolution,  all  the 
colon  must  be  perceived  simultaneously,  j.  e.^  as  a  mixed  color. 

Negative  After  Images. — Occasionally,  when  ihc  stimulation  of  the  retina 
is  strong  and  very  intense,  a  '*  negative,"  instead  of  a  positive,  after  image  appears. 
In  a  negative  after  image,  the  bright  parts  of  the  object  appear  dark,  and  the 
colored  Y^j\.%  in  their  corresponding  contrast  colors  (p.  791). 

Examples  of  Negntive  After  Images. — .\fter  looking  for  a  long  time  at  n  dazzlingly-illumi- 
nated  white  window,  on  closing  the  eyes  we  have  the  impression  of  a  bright  cross,  or  crosses,  as  the 
cue  may  be,  with  dark  panes. 

Negative  colored  after  images  ore  beautifully  shown  by  NOrrenberg's  apparatus.  Look  steadily 
at  ft  colored  surface, /.  ^.,  a  yellow  hoard  with  a  small  blue  square  attached  to  the  centre  of  its 
surface.  A  white  screen  it  allowed  to  fall  surldenly  in  front  of  the  board ;  the  white  surface  now 
has  a  bluish  a^i]H:arance,  %rith  a  yi^Uow  stiuare  in  its  centre. 

The  usual  explanation  of  dark  negative  after  images  is.  that  the  retinal  elements  are  fotigued 
t}y  the  light,  so  that  for  some  time  (bey  become  less  excitable,  and,  consequcnily,  light  is  but  feebly 
perceived  in  the  corresponding  areas  of  the  retina  j  hence  dsikness  prevails. 

Fir..  497. 


Fig.  498. 


fur »howing  trradUtiun. 


Th«  cooe*  of  the  retina  (uid  plamcnt  c«lU  (ol  th« 
(ro()  uaffflcted  by  litht  aiiddftrkiieu 


After 
After  ICD  mlnutu  is 


two  days   tn  darkneu  , 
dsyllgbt. 

^P  Hering  explains  the  dark  after  imwea  ai  due  lo  a  process  of  assimilation  in  the  black*white  viaoat 
substance.  In  explaining  (olored  tUtr  images,  the  Young- Helmholt/  theory  assumes  that,  under 
the  action  of  the  light  waves,  t.g.^  red,  the  retinal  elements  connected  M-ith  the  perce^ition  of  this 
color  are  paralyzed.  On  now  looking  suddenly  on  a  white  surface,  the  mixture  of  all  the  colon 
appears  as  white  minus  red,  i.e.,  (he  white  appears  ^T^t-M.  In  bright  daylight  the  contrast  color  lies 
very  near  the  complementary  color.  According  to  Hering,  the  contrast  af^er  image  is  explained  by  (he 
assimilation  of  the  corresponding  colored  visual  substance,  in  (his  case,  of  the  "red-green"  [\  291)' 

Not  unfrequenily,  after  intense  stimulation  of  the  retina,  positive  and  negative 
after  images  altcrrtaU  with  each  other  until  they  gradually  fuse.  After  looking  at 
the  dark-red  setting  sun  we  see  alternate  disks  of  red  and  green. 

The  phenomena  of  contrast  undergo  some  modification  in  the  peripheral  areas 
of  the  retina,  owing  to  the  partial  color  blindness  which  occurs  in  these  areas 
i^Adamuck  and  Woinotb). 

•  Irradiation  is  the  term  applied  to  certain  phenomena  where  we  form  a  false 
estimate  of  visual  impressions,  owing  to  inexact  accommodation.  If  from  inexact 
accommodation  the  margins  of  the  object  arc  projected  upon  the  retina  in  diffu- 
sion circles,  the  mind  tends  to  add  the  undefined  margin  to  those  parts  of  the 
visual  image  which  are  most  prominent  in  the  image  itself.    What  is  bright  ajipears 
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larger  (Fig.  49S)  and  overcomes  what  is  dark,  while  an  object,  without  reference 
to  brightness  or  color,  has  the  same  relation  to  its  background.  When  the  accom* 
modaiion  is  quite  accurate  the  phenomenon  of  irradiation  is  not  present. 

"  A  dark  object  appears  smaUrr  than  a  bright  one  ufthesiine  sue.  On  looking  at  the  lame  line 
from  a  certain  diMance  at  two  circles  of  the  &ame  size,  a  white  one  on  a  black  background,  aniJ  a 
black  ona  while  background,  we  citimatc  (lie  latter  to  be  about  onelifih  leu  thau  the  funnel  iFi^- 
498).  On  making  :ht  black  circle  one  rift h  larger,  thry  will  appear  equal.  Tychu  dc  Hrahe  re- 
marks thm  the  moon,  when  in  conjunction  (dark),  appears  to  be  one-6flh  smaller  than  in  oppontioit 
[full,  bright).  The  tint  lunar  crescent  apf>carB  to  belong  to  a  lar|;cr  duk  than  the  <Urk  one  idjoin- 
ing  it,  which  can  occasionally  be  (liKiinguished  at  the  lime  of  the  new  lighL  Black  cluches  make 
persons  appear  to  t>«  much  smaller  than  light  clothes,  A  light  seen  tjehmd  a  margin  gives  the 
appearance  of  a  cut  in  the  margin.  A  ruler,  behind  which  u  placed  a  lighted  candle,  appean  lo  the 
observer  In  have  a  notch  In  it.  The  lun,  when  rising  and  setting,  apjiears  to  make  a  deptcttion  ta 
the  horizon"  {Goftke). 

Simultaneous  Contrast. — By  this  term  is  meant  a  phenomenon  like  the  fol- 
lowing :  When  bright  and  dark  parts  are  present  m  a  picture  at  the  same  time, 
the  bright  (white)  parts  always  appear  to  be  more  intensely  bright  the  less  while 
there  is  near  them,  or,  what  is  the  same  thing,  the  darker  the  surroundings,  and, 
conversely,  they  appear  less  bright  the  more  white  tints  that  are  present  near  them. 
A  similar  phenomenon  occurs  with  coiored  pictures.  A  color  in  a  picture  appears 
to  us  to  be  more  intense  the  less  of  this  color  there  is  m  the  adjoining  liarts,  that 
is,  the  more  the  surroundings  resemble  the  tints  of  the  contrast  color.  Simulta- 
neous contrast  arises  fronisitnultaneotis  impressions  occurring  in  two  adjoiniDg  and 
different  parts  of  the  retina. 

Examples  of  Contrast  for  Bright  and  Dark. — i.  \jaaV  at  a  white  network  on  a  blad 
ground;  the  parti  where  the  white  lines  intersect  appear  darker,  Ifecausc  there  is  least  black  near 
them. 

a.  Look  at  a  point  of  a  small  strip  of  dark  gray  paper  in  front  of  a  dark  black  backgroond.  I^ufc 
a  large  piece  of  white  paper  between  the  strip  and  the  background  ;  the  strip  on  the  white  gni«ad 
now  appears  to  be  much  darker  than  before.  On  again  removiug  the  white  paper,  the  sinp  tf  ooce 
again  appears  bright  |  Hering). 

3.  Look  with  both  eyes  toward  a  grayish-white  surface,  /^.,  the  ceiling  of  a  room.  After  cvlng 
fur  same,  place  in  front  of  the  eye  a  paper  tube  eight  inches  long,  and  an  inch  to  an  inch  and  a  quar- 
ter in  diameter,  blackened  in  the  in»ide.  The  part  of  the  ceiling  seen  through  the  tutje  appeus  b  a 
round  white  spot  {Landoii). 

Examples  for  Colors.  —1.  Place  a  piece  of  gray  paper  on  a  rcL  yellow,  or  blue  ground;  ttir 
cuntraM  colors  appear  at  once,  vii.,  green,  blue,  or  yellow.  The  phenomenon  U  made  still  more 
distinct  by  covenng  the  whole  with  Transparent  tracing  paper  {Herm.  Meytr),  Under  ssmtlar  cir- 
cumstances, primed  matter  on  a  colored  ground  appears  in  its  cumplemcniary  color  (  ff '.  v.  B*iai4\. 

a.  An  air  bubble  in  the  strongly  itnged  field  of  vision  of  a  thick  microKopical  preparatioii  appears 
with  an  intense  contrast  color  {Le^niiois), 

3.  Paste  fuur  green  sectors  upon  a  rotatory  white  disk,  leave  a  ring  round  the  centre  of  the  disl 
uncovered  by  green,  and  cover  it  with  a  black  stnp.  On  rotating  such  a  disk  the  black  p«ft  appears 
red  and  not  gray  yBr^ckt), 

4.  Look  with  both  eyes  toward  a  grayish-white  surface,  and  place  in  front  of  one  eye  a  lube  ahoal 
the  length  and  breadth  of  a  finger,  composed  of  transparent  oiled  paper,  gummed  together  to  M^ 
thickness  as  vrill  permit  light  to  pass  through  its  walls.  The  pan  of  the  surface  seen  ihroogb  ihc 
tube  appears  in  it^  contrast  color.  The  experiment  also  showt  the  contrast  in  the  tDiensily  of  (be 
illumination  {Lnndoii).  A  white  piece  of  papier,  with  a  round  black  spot  in  its  ctntre.  when  looked 
at  through  a  blue  glass,  appears  blue  with  a  black  spot.  If  a  white  spot  of  the  same  size  on  a  bUek 
ground  be  placed  in  front,  so  that  it  i«  reHected  in  the  glass  pUte  and  jusi  covers  ihe  black  spot,  ft 
shows  the  contrast  color  yellow  ^Ra^ona  Sana). 

5.  l*hc  colored  shadows  aUo  belong  to  the  group  of  simultaneous  contrasts.  **  Two  coodiciau 
are  necessary  for  the  production  of  colored  shadoH-s— 6rstly,  that  the  li^htgive^  some  kind  of  scoliBr 
to  the  white  surface;  second,  that  the  shadow  is  illaminaled,  to  a  certain  extent,  t>y  anackcr  ttgkt* 
During  the  twilight,  place  a  short  lighted  candle  on  a  while  surface,  between  it  and  the  fiadiocuav* 
light  hold  a  pencil  vertically,  so  that  the  shadow  thrown  by  me  candle  is  illuminaied,  bm  ao(  abol- 
iihed,  by  the  feeble  daylight ;  the  shadow  appears  of  a  beautiful  A/«^.  The  blue  shaiSow  is  easily 
seen,  but  it  require)  a  little  attention  to  observe  that  the  white  paper  ads  like  a  reddish  yellow  tar- 
face,  whereby  the  blue  color  apparent  lo  the  eye  is  improved.  One  of  the  mow  lieaniifut  case*  ol 
colored  shadows  is  seen  in  connection  with  the  full  moon.  The  li^ht  of  the  caiulle  and  that  of  the 
moon  can  be  completely  equalited.  Both  shadows  can  be  obtained  of  equal  strength  oiid  dutiztct- 
ittss,  so  that  both  colon  are  oampleiely  balanced.     Place  the  plate  opposite  the  Ugtit  of  the  iiiooa* 
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the  lighted  candle  a  little  to  one  side  fll  a  suirahle  distance.  In  front  of  the  plate  hold  an  opaque 
body,  when  a  doutdc  shadow  appears,  the  one  thrown  by  the  moon  and  lighted  l>y  the  candle  being 
bright  rcddi&h-yellow  ;  and,  conversely,  the  one  thrown  by  the  candle  and  lighted  by  the  moon  ap- 
pears of  a  beaotiful  blue.     Where  the  two  shadows  come  together  and  unite  is  black  {GoelAf). 

6.  "  Take  a  plate  of  green  grass  of  considerable  thickncsi  and  bold  it  so  as  to  get  the  bars  of  a 
window  rcfiected  in  it,  the  bars  will  be  Been  double ;  the  iniaf^e  formed  by  the  under  surface  of  the 
glass  twing /r<'^H.  while  the  image  coining  from  the  under  surface  of  the  glass,  and  which  ought 
really  to  lie  colorless,  appears  to  be  purple.  The  experiment  may  be  performed  with  a  vessel  HUed 
with  water,  with  a  mirror  at  its  base.  With  pure  water  colorless  imayes  are  obtained,  while  by  col- 
oring the  water  colored  images  are  produced  "  {CoflAe). 

Explanation  of  Contrast. — Sonic  ol  these  phenomena  may  be  explained  as  due  to  an  error  of 
judgment.  During  the  simultaneous  action  of  several  impressions,  the  judgment  errs,  so  that  when 
an  effect  occurs  at  one  place,  this  acts  to  the  slightest  extent  in  the  neighl>oring  pans.  When,  there* 
fore,  brightness  acts  upon  a  |>art  of  the  retina,  the  judgment  ascribes  the  smallest  possible  action  of 
(he  brightness  to  the  adjoining  parts  of  the  retina.  It  is  the  same  with  colors.  It  is  far  more  prob* 
able  thai  the  plienumena  arc  to  be  referred  to  actual  physiological  processes  (Hering).  Partial  stim- 
ulation with  tight  affects  not  only  the  part  so  aae<l  on,  but  also  the  surrounding  area  of  the  retina; 
the  part  directly  excited  undergoing  increased  disassimilatioH,  the  (indirectly  stimulated)  adjoining 
area  undergoing  increased  imimiiaiioM  ;  the  increase  of  the  latter  is  greatest  in  the  immediate 
ceighborhuod  of  the  illuminated  jjortion,  and  rapidly  diminishes  as  the  distance  from  it  increases. 
By  the  increase  of  the  assimilation  in  those  parts  not  acted  on  by  the  image  of  the  object,  this  is 
prevented,  so  that  the  ditTused  light  is  perceived.  The  increase  of  the  ai&imdation  in  the  immediate 
neighborhood  of  the  illuminated  spot  is  greatest,  so  that  the  perception  of  this  relalivcly  stroager 
diflcrent  light  is  largely  rendered  impossible  {f/ering). 

Successive  Contrast. — Look  for  a  long  time  at  a  dark  or  bright  object,  or  at  a  colored  {'.£•% 
red)  one,  and  then  allow  the  effect  of  the  contrast  to  occur  on  the  retina,  i'.^  ,  with  reference  lo  the 
above,  bright  and  dark,  or  the  controiil  color  green,  then  these  become  very  intense.  This  phe- 
nomenon has  also  been  caJled  "  sutcesiivc  contrast.'"  In  thia  case  the  negative  after  image  obviously 
plays  a  part. 

[Some  drugs  cause  subjecttvc  visual  sensations,  but  these  do  so  by  acting  on  the  brain,  e^., 
alcohol,  as  in  delirium  tremens,  cannabis  indica,  sodic  salicylate  and  Urge  doses  of  digitalis 
{JiruntoH)^ 

399.  MOVEMENTS  OF  THE  EYEBALLS— EYE  MUSCLES.— 
The  globular  eyeball  is  capable  of  extensive  and  free  movement  on  the  corre- 
spondingly excavated  fatty  pad  of  the  orbit,  just  like  the  head  of  a  long  bone  in 
the  corresponding  socket  of  a  freely  movable  arthroidal  joint.  The  movements 
of  the  eyeball,  however,  are  limited  by  certain  conditions,  by  the  mode  in  which 
the  eye  muscles  are  attached  to  it.  Thus,  when  one  muscle  contracts,  its  antag- 
onistic muscle  acts  like  a  bridle,  and  so  limits  the  movement ;  the  movements  arc 
also  limited  by  the  insertion  of  the  optic  nerve.  The  soft  elastic  pad  of  the  orbit 
on  which  the  eyeball  rests  is  itself  subject  to  be  moved  forward  or  backward,  so 
that  the  eyeball  also  must  participate  in  these  movements. 

Protrusion  of  the  eyeball  takes  place — l.  By  congestion  of  the  blood  Teasels,  especially  of  the 
veins  in  the  (jrl>ii,  such  as,  occurs  when  the  outflow  of  the  venous  blood  from  the  head  is  interfered 
with,  as  in  ca^cs  of  hanging.  2.  Hy  contraction  of  the  smooth  muscular  fibres  in  Tenon's  cap- 
sule, in  the  spheno-niaxillury  fissure,  and  in  the  eyelids  ({  404),  which  arc  innervated  by  the  cer- 
vical sympathetic  nerve.  3.  Hy  voluntary  forced  opening  of  the  palpebral  fissure,  whereby  the 
pressure  of  the  eyelids  acting  on  the  eyeball  is  diminlihed.  4.  Uy  the  action  of  the  oblique 
mu&cles,  which  act  by  pulling  the  eyeball  inward  and  forward.  If  the  superior  oblique  be  con- 
tracted when  the  eyelids  are  forcibly  opened,  the  eyeball  may  be  protruded  about  i  mm.  When 
protrusion  of  the  eyeball  occurs  pathological ly  (as  in  I  and  3),  the  condition  is  called  exoph- 
thalmos. 

Retraction  of  the  eyeball  i«  the  opposite  condition,  and  is  caused — i.  By  closing  the  eyelids 
forcibly.  2.  By  an  empty  condition  of  the  relrobult>ar  blood  ves.<cls,  diminished  succulence,  or  dis- 
appearance of  the  tissue  of  the  orbit.  3.  Section  of  the  cervical  sympathetic  in  dogs  causes  the 
eyeball  to  sink  wjmewhat  in  the  orbit.  The  smooth  muscular  tibrea  of  Tenon's  capsule  are  perhaps 
antagonistic  in  their  action  to  the  four  recti  when  acting  together,  and  thus  prevent  the  eyeball  from 
being  drawn  loo  far  backward.  Many  animals  have  a  special  rr/rn^'/ur  dw/iit' muscle,  r^.  amphi- 
bians, reptiles  and  many  mammals;  the  ruminants  have  four. 

The  movements  of  the  eyes  are  almost  always  accompanied  by  similar  move- 
ments of  the  head,  chieHy  on  looking  upwardi  less  so  on  looking  laterally,  and 
least  of  all  when  looking  downward. 
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POSITIONS   OF   THE   EYEBALL. 


The  difficult  in  vertical  ions  on  the  movements  of  the  eyelHUIs  hive  been  carried  oat.  ecpediDy  hf 
Hating,  MctMiner,  llclmhollz,  IKinden,  A.  Kick  and  K.  Hcring. 

Axis. — All  the  movements  of  the  eyeball  lake  pince  rouiuJ  Xxa  fieint  of  rafafivn  (Fig.499. '). 
which  lies  1.77  mm.  behind  the  centre  of  the  visual  axis,  or  10.957  ram.  from  the  vcrtei  of  the 
cornea  (l)antifrs).  In  order  to  determine  more  carerulty  the  rooTCmem^  of  the  eyeball,  it  Is  ncccS' 
sary  to  have  certain  definite  data  :  z.  The  visual  axia  (S.  S^),  or  the  antero-postcrior  avis  of  the 
cyct>all.  unites  the  point  of  rotation  with  the  fovea  centralis,  and  is  continued  straight  forwanl  to 
the  vertex  of  the  cornea,  a.  The  tranaverae,  or  horizontal  axis  (Q,  Q^),  is  the  Mraighi  line  ccn> 
nccting  the  points  of  rotation  of  butli  eyes  and  its  extension  outward.  Of  course,  it  is  si  nj^'tK 
angles  to  I.  3.  The  vertical  axis  pas-ses  vertically  through  the  point  of  rotation  ai  right  angles  to 
I  and  2.  These  three  axes  furm  a  coi'^rdimUe  iy<itcm.  We  miut  imagine  that  in  the  orbit  there  is 
a  fixed  detenninaie  tixial  jtyniem,  whose  point  of  intersection  currespnnds  with  the  point  of  rotaiion 
of  the  eyeball.  When  the  eye  is  at  rest  (primary  position),  the  three  axes  of  the  eyeball  completely 
coincide  with  the  three  axes  of  the  coardinale  >ysiem  in  the  orbit.  When  the  eyeball,  however,  ti 
moveil,  two  or  more  axes  are  displaced  from  this,  sn  that  they  must  form  angles  wiib  the  fixed 
orbital  system. 

Planes. — In  order  to  be  more  exact,  and  also  partly  for  further  estimations.  let  us  suppose  three 
planes  j>as<iing  through  the  eyeball,  and  thai  their  position- ix  secured  by  any  two  axes.  x.  The 
horiKontal  plane  divides  the  eyeball  into  an  upper  and  lower  half;  it  is  determined  by  the  vitoit 
transverse  axes.  In  its  course  through  the  retina  It  forms  the  horicontal  line  of  separolion  of  the 
latter ;  the  coals  of  the  eyeball  itself  cut  it  in  their  horizontal  meridian,  fl.  The  vertical  plane 
divides  the  eyeball  into  an  inner  and  outer  half ;  it  is  determined  by  the  visual  and  vertical  axes. 
It  cuts  the  retina  in  the  vertical  tine  of  separoiiun  of  the  latter  and  the  periphery  of  the  bulb  in  the 
vertical  meridian  of  the  eyeball.  3.  The  equatorial  plane  divides  the  eyeball  into  an  anterior  aad 
po&iehor  half;  its  pusiliuii  is  determined  by  tlic  vertical  and  transverte  axe.*',  and  it  cut*  the 
sclerotic  in  the  equator  of  the  eyettoll.  The  horizontal  and  vertical  lines  of  teparatioo  of  the 
retina,  which  intersect  in  the  fovea  centralis,  divide  the  retina  into  four  quadrants. 

In  order  to  define  more  precisely  the  movements  of  the  eyeluill,  v.  Helmholtz  has  intitHlttced  the 
following  (ertns:  lie  Cdlls  the  straight  line  which  connects  the  point  of  rotation  of  the  eye  with  the 
fixed  point  in  the  outer  world  the  visual  line  ("  Blicklinie"),  while  a  plane  passing  ihtough  these 
lines  in  tx>th  eyes  he  called  the  viiual plane ;  the  ground  line  of  this  plane  is  the  hne  uniting  the 
two  points  of  rotation,  vi/.,  the  transver^  axis  of  the  eyeball.  SupiKMe  a  sagittal  section  to  be  ma^le 
through  the  head,  so  as  to  itividc  the  latter  into  a  right  and  left  half,  then  this  plane  wuuld  halve  the 
ground  line  of  the  visual  plane,  and  when  prolonged  forward  would  interKrct  the  visual  plane  10 
ihc  median  line.  The  visual  point  of  the  eye  can  be  (I)  ratsc.l  nr  lowered — the  held  which  it 
traverses  being  caHed  the  visual  held  {"  Ulickfeld  ") ;  it  is  part  of  a  spherical  surface  with  the  point 
of  rotation  of  the  eye  in  its  centre.  I^oceeding  from  the  primary  position  of  both  eyes,  which  is 
characterized  by  both  visual  lines  being  parallel  with  each  other  and  horiioiital,  then  the  elevalKM 
of  the  visual  plane  can  be  determined  by  the  angle  which  this  forms  with  the  plane  of  Ihc  primaiy 
position.  This  angle  is  called  the  angle  of  e/rvalifiH— it  is  positive  when  the  visual  plane  is  r<i««d 
(to  the  forehead),  and  negative  when  it  is  lowered  (chinwards).  (2)  Frtim  the  primary  pcauioo, 
the  visual  tine  can  be  turned  laterally  in  the  visual  pLine.  The  extent  of  this  lateral  deviation  n 
measured  by  the  angle  of  lateral  rotation,  i,e.,  by  the  angle  which  the  vixual  line  forms  with  the 
median  line  of  ihe  visual  plane;  it  is  said  to  be  |>ositive  when  the  posterior  part  of  the  visual  line 
ts  turned  to  the  right,  negative  when  to  the  left.     The  following  are  the  posilioni  of  the  eyeball:^ 

1.  Primary  position,  in  which  both  the  lines  of  vision  are  parallel  with  etch 
other,  and  the  visual  planes  are  horizontal.  The  three  axes  of  the  eyeball  coin- 
cide with  the  three  fixed  axes  of  the  co6rdinate  system  in  the  orbit. 

2.  Secondary  positions  are  due  to  movements  of  the  eye  from  the  primary 
position.  There  are  two  different  varieties :  (a)  where  the  visual  lines  are  par- 
allel, but  are  directed  upward  or  downward.  The  transverse  axis  of  both  eyes 
remains  the  same  as  in  the  primary  position  ;  the  deviations  of  the  other  two  axes 
expressed  by  the  amount  of  the  angle  of  elevation  of  the  line  of  vision.  (/) 
The  second  variety  of  the  secondary  position  is  produced  by  the  ccrtvergfnct  or 
divergence  of  the  lines  of  vision.  In  this  variety  the  vertical  axes,  round  which 
the  lateral  rotation  takes  place,  remain  as  in  the  primary  position  ;  the  other  axes 
form  angles;  the  amount  of  the  deviation  is  expressed  by  the  "angle  of  UtenU 
rotation."  The  eye,  when  in  the  primary  position,  can  be  rotated  from  this  posi- 
tion 42°  outward.  45°  inward,  34*  upward  and  57'^  downward  {Schuurmatn), 

3.  Tertiary  position  is  the  position  brought  about  by  the  movements  of  the 
eye,  in  which  the  lines  of  vision  are  nftwergentt  and  are  at  the  same  time  itKiimd 
upward  or  downward. 

All  the  three  axes  of  the  eye  are  no  longer  coincident  with  the  axes  in  the  pri- 
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tnary  position.  The  exact  direction  of  the  visual  lines  is  determined  by  the 
amount  of  the  angle  of  lateral  rotation  and  the  angle  of  elevation.  There  is  still 
another  important  point.  The  eyeball  is  always  rotated  at  the  same  time  round 
the  line  of  vision  and  round  its  axis  ( Voikmann,  Hiring^  Dondrrs),  As  the  iris 
rotates  round  the  visual  line  like  a  wheel  round  its  axis,  this  rotation  is  called 
"  circular  rotation  "  {** Raddrehung'^)  of  the  eye,  which  is  always  connected  with 
the  tertiary  positions.  Even  oblique  movements  may  be  regarded  as  composed 
of — (i)  a  rotation  round  the  vertical  axis,  and  (2)  round  the  transverse  axis  ;  or 
it  may  be  referred  to  rotation  round  a  single  constant  axis  placed  between  the 
above-named  axes,  passing  through  the  point  of  rotation  of  the  eyeball,  and  at 
right  angles  to  the  secondary  and  primary  direction  of  the  visual  axis  (line  of 
vision) — {Listing).  The  amount  of  circular  rotation  is  measured  by  the  angle 
which  the  horizontal  separation  line  of  the  retina  forms  with  the  horizontal  sepa- 
ration line  of  the  retina  of  the  eye  in  the  primary  position.  This  angle  is  said  to 
be  positive,  when  the  eye  itself  rotates  in  the  same  direction  as  the  hand  of  a 
watch  observed  by  the  sinne  eye,  /.  €.,  when  the  upper  end  of  the  vertical  line  of 
separation  of  the  retina  is  turned  to  the  right. 

According  to  Donders,  the  angle  of  rotation  increases  with  the  angle  of  elevation  and  (he  angle 
of  lateral  rotation — it  may  exceed  10®.  With  equally  great  elevation  or  depression  of  the  visual 
plane,  the  rotation  is  gicaicr  the  greater  the  elevalinn  or  depression  of  the  line  of  vision. 

On  looking  ufward  in  ihc  tertiary  position,  the  upper  ends  of  the  vertical  lines  of  separation  of 
the  retina  iftverj^e ;  on  looking  downward  they  converge.  If  the  visual  plane  be  raised,  the  eye, 
when  it  deviates  laterally  to  the  right,  makes  a  circular  rotation  to  the  left.  When  the  vistial  plane 
is  depressed,  on  deviating  the  eye  to  the  right  or  left,  there  is  a  corresponding  circular  rotation  to 
the  right  or  left.  Or  we  may  express  the  result  thus :  When  the  angle  of  elevation  and  the  angle 
of  deviation  have  the  same  sign  (-j-  or — ),  then  the  rotation  of  the  eyeball  is  negative;  when, 
however,  the  signs  are  unerjun},  the  rotation  is  positive.  In  order  lo  make  the  circular  rotation 
visible  in  one's  own  eye,  accommodate  one  eye  lor  a  surface  divjtled  l>y  vertical  and  horizontal  lines 
until  a  positive  after  image  is  produced,  and  then  rapidly  rotate  ihc  eye  inio  the  third  position.  Thc 
lines  of  the  after  image  then  farm  angles  with  the  lines  of  the  background.  As  the  position  of  the 
vertical  meridian  uf  ilic  eye  is  important  from  a  practical  point  of  view,  it  is  necessary  to  note  that, 
in  the  primary  and  sccundiiry  positions  of  the  eyes,  the  venical  meridinii  retains  its  vertical  position. 
On  k>okmg  to  the  left  and  upward,  or  to  the  right  and  downward,  the  vertical  meridians  of  tioth 
eyes  arc  turned  to  the  left ;  conversely,  they  arc  turned  lo  the  right  on  looking  to  the  left  and  down- 
ward,  or  to  the  right  and  upward. 

In  the  secondary  positions  of  the  eye,  rotation  of  the  axis  of  the  eye  never  occurs  i  Listing). 
Ver)'  slight  rolling  uf  the  eyes  occurs,  however,  when  the  head  is  inclined  toward  the  shoulder,  and 
in  the  direction  opposite  to  that  of  the  head  {Java/) — ii  is  about  i**  for  every  10°  of  inclinaiiun  of 
the  bead  {SkreMtzky,  N'tgil), 

Ocular  Muscles,— The  movements  of  the  eyeball  are  accomplished  by 
means  of  the  four  straight  and  two  oblique  ocular  muscles.  In  order 
to  understand  the  action  ol  each  of  these  muscles,  we  must  know  the  plane 
of  traction  of  the  muscles  and  the  axis  of  rotation  of  the  eyeball.  The 
plane  of  traction  is  found  by  the  plane  lying  in  the  middle  of  the  origin 
and  insertion  of  the  muscle  and  the  point  of  rotation  of  the  eyeball.  The 
axis  of  rotation  is  always  at  right  atigles  to  the  plane  of  traction  in  (he 
point  of  rotation  of  the  eyeball. 

The  rectus  internus  (I)  and  externus  (E)  rotate  the  eye  almost  exactly 
inward  and  outward  (Fig.  499).  The  plane  of  traction  lies  in  the  plane  of  the 
paper ;  Q,  K,  is  the  direction  of  the  traction  of  the  external  rectus,  Qi,  I,  that  of 
the  internal.  The  axis  of  rotation  is  in  the  point  of  rotation,  O,  at  right  angles 
to  the  plane  of  the  paper,  so  that  it  coincides  with  the  veriit^il  axis  of  the  eyeball. 
2.  The  axis  of  rotation  of  the  R.  superior  and  inferior  (the  dotted  line,  R. 
sup.,  R.  inf.),  lies  in  the  horizontal  plane  of  separation  of  the  eye,  but  it  forms 
an  angle  of  about  20°  with  the  transverse  axis  ((J,  Q^) ;  the  direction  of  the 
traction  for  both  muscles  is  indicated  by  the  hne,  i,  /.  By  the  action  of  these 
muscles,  the  cornea  is  turned  upward  and  slightly  inward,  or  downward  and 
slightly  inward.     3.  The  axis  of  rotation  of  both  oblique  muscles  (the  dotted 
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lines,  Obi.  sup.  and  Obi.  inf.)  also  lies  in  the  horizontal  plane  of  separation 
of  the  eyeball,  and  it  forms  an  angle  of  60°  with  the  transverse  axis.  The 
direction  of  the  traction  of  the  infcriar  oblique  gives  the  line,  d,  b\  thai  of 
the  superior,  the  line,  c,  d.  The  action  of  these  muscles,  therefore,  is  in  the 
one  case  to  rotate  the  cornea  outward  and  upward,  and  in  the  other  ootward 
and  downward.  These  actions,  of  course,  only  obtain  when  the  eyes  are 
in  the  primary  position — in  every  other  position  the  axis  of  rotation  of  each 
muscle  changes. 

When  the  eyes  are  at  rest,  the  muscles  are  in  equilibrium.  Owing  to  the  power 
of  the  internal  recti,  the  visual  axes  converge  and  would  meet,  if  prolonged  40 
centimetres  in  front  of  the  eye.     In  the  movements  of  the  eyeball,  one,  two,  or 
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Scheme  of  the  ictlon  of  ibe  ocular  ibukIm. 


three  muscles  may  be  concerned.  One  muscle  acts  only  when  the  eye  is  moved 
directly  outward  or  inward,  especially  the  internal  and  external  rectus.  Tw9 
muscles  act  when  the  eyeball  is  moved  directly  upward  (superior  rectus  and 
inferior  oblique),  or  downward  {inferior  rectus  and  superior  oblique).  7Vk 
muscles  are  in  action  when  the  eyeballs  take  a  diagonal  direction,  e^>eciall5 
for  inward  and  uptcard.  by  the  internal  and  the  superior  rectos  and  inferiof 
oblique ;  for  inward  and  downward,  the  internal  and  inferior  rccOB  lod 
superior  oblique;  for  outward  and  downward,  the  external  and  inferior  ftcM 
and  superior  oblique ;  for  outward  and  upward^  the  external  and  wpcftor 
rectus  and  inferior  oblique. 
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Jmoard Rectus  internus. 

OutvHxrd Rectus  extentus. 

rr*—  ^  J  Rectus  superior. 

^P^''"' t  Obliqiius  inferior. 

_                ,  I  Rectus  inferior. 

■^^^""^'^ lobliquu*  superior. 

{Rectus  internus. 
Rectus  superior. 
Obliquu*  inferior. 


Inward  <*nd  dovsnward 


Outward  and  upward 


[The  following  table  shows  the  action  of  the  muscles  of  the  eyeball : — 

(Rectus  intemos. 
Rectus  inferior. 
Ohliquus  superior. 
(Rectus  extemus. 
Rectus  superior. 
Obliquus  inferior. 
{Rectus  exterauft. 
Rectus  inferior. 
Ohliquus  superior.] 

Ruete  imitated  the  movements  of  the  eyeballs  by  means  of  a  model,  which  he  called  the  oph- 
thalmoirope, 

The  size  of  the  eyebmll  and  its  length  diminish  with  age.  The  mobility  is  less  in  the  vertical  than 
in  the  lateral  direction,  and  less  upward  than  downward.  The  normal  and  myopic  eye  can  be 
moved  more  uutwanl,  and  the  lung-sighied  eye  mL>re  inward,  the  external  and  internal  rectus  act 
most  when  the  eye  is  moved  outward,  the  obliqni  when  it  is  rotated  inward.  An  eye  can  l)e  turned 
inward  to  a  greater  extent  when  the  other  eye  at  the  same  time  is  tamed  outward  than  when  the 
other  is  turned  inward.  During  near  vision,  the  right  eye  can  be  turned  less  to  the  right,  and  the 
left  to  the  lefl,  than  during  distant  vision  {IJtriug). 

Simultaneous  Ocular  Movements. — Both  eyes  are  always  moved  simul- 
taneously. Even  when  onti  uye  is  quitt;  blind,  the  ocular  muscles  move  when  the 
whole  eyeball  is  excited.  When  the  head  is  straight,  the  movements  always  take 
place  so  that  both  visual  planes  (visual  axes)  He  in  the  same  plane.  In  front  both 
visual  axes  can  diverge  only  to  a  trifling  extent,  while  they  can  converge  consider- 
ably. If  individual  ocular  muscles  are  paralyzed,  the  position  of  the  visual  axis 
in  the  same  place  is  disturbed,  and  Si^ui'nting  results,  so  that  the  patient  no  longer 
can  direct  both  visual  axis  simultaneously  to  the  same  point,  but  he  directs  the 
one  eye  after  the  other.  Even  nystagmus  (p.  738)  occurs  in  both  eyes  simulta- 
neously, and  in  the  same  direction.  The  innate  simultaneous  movement  of  both 
eyes  is  spoken  of  as  an  associated  movement  ijoh.  MuiUr).  E.  Hering 
showed  that  in  all  ocular  movements,  there  is  a  uniformity  of  the  innervation  as 
well.  Even  during  such  movements,  in  which  one  eye  apparently  is  at  rest,  there 
is  a  movement,  due  to  the  action  of  two  antagonistic  forces,  the  movements  result- 
ing in  a  slight  to  and  fro  motion  of  the  eyeball. 

The  motor  nerves  of  the  ncul.ir  muscles  are  the  oculomotorius  \\  345).  the  trochleiris  [\  346), 
and  the  abduceiis  {\  348).  The  centre  liowio  the  corpora  quadrigemina,  and  IkIow  it  {J  379), and 
partly  in  the  tiiicdulla  oblongata  {\  379). 

400.  BINOCULAR  VISION.— Advantages.— Vision  with  both  eyes 
affords  the  following  advantages  ;  u)  '^\\t  field  of  if i si  on  of  both  eyes  is  consider- 
ably larger  than  that  of  one  eye.  (2)  The  perception  of  dfpth  is  rendered  easier, 
as  the  retinal  images  are  obtained  from  two  different  points.  (3)  A  more  exact 
estimate  of  the  distance  and  size  of  an  object  can  be  formed,  in  consequence  of 
the  perception  of  the  degree  of  convergence  of  both  eyes.  (4)  The  correction  of 
certain  errors  in  the  one  eye  is  rendered  possible  by  the  other. 

When  the  position  of  the  head  is  fxed,  we  can  easily  form  a  conception  as  to  the  form  of  the 
entire  field  of  vision  if  we  close  one  eye  and  direct  the  open  eye  inward.  We  observe  that  it  is 
pear-shaped,  broad  above  and  smaller  below,  the  silhouette,  or  profile  of  the  nose,  causes  the  de- 
pression between  the  upper  and  lower  jiarc  of  the  Keld. 

401.  SINGLE  VISION— IDENTICAL  POINTS— HOROPTER. 
— Identical  Points. — [f  we  imagine  the  retinse  of  both  eyes  to  be  a  pairof  hollow 
saucers  placed  one  within  the  other,  so  that  the  yellow  spots  of  both  eyes  coincide, 
and  also  the  similar  quadrants  of  the  retinx,  then  all  those  points  of  both  retins 
which  coincide  or  cover  each  other  are  called  •'identical"  or  *' correspond- 
ing points  "  of  the  retina.  The  two  meridians  which  separate  the  quadranis 
comciding  with  each  other  are  called  the  **  lines  of  separation.'*  Physiologi- 
cally, the  identical  points  are  characterized  by  the  fact  that  when  they  are  both 
simultaneously  excited  by  light,  the  excitement  proceeding  from  them  is,  by  a 
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psychical  act,  referred  to  one  and  the  same  point  of  the  field  of  vision,  lying,  of 
course,  in  a  direction  through  the  nodal  point  of  each  eye.  Stimulation  of  Mi 
identical  points  causes  only  one  image  in  the  field  of  vision.  Hence  all  those 
objects  of  the  external  world,  whose  rays  of  light  pass  through  the  nodal  points 
to  fall  upon  identical  points  of  the  retina,  are  seen  siag/Vi  because  their  images 
from  both  eyes  are  referred  to  the  same  point  of  the  field  of  vision,  so  thai 
they  cover  each  other.  All  other  objects  whose  images  do  not  fall  upon  identical 
points  of  the  retina  cause  "  double  vision,"  or  '*  diplopia." 

Proofs. — If  we  look  ai  a.  hnear  object  vrith  the  points  i,  2,  3,  then  the  coiretponding  Rdul 
images  are  I,  2,  3  and  1,  3,  3,  which  are,  obviously,  identical  nulntsof  the  reiiruc  (Hg.  500'!.  If, 
while  looking  at  this  line,  there  be  a  point,  A,  nearer  the  eyes,  or  B,  further  from  ihem,  then,  go 
focussing  for  1,  2,  3,  neither  the  rays  (A,  a.  A,  u)  coming  from  A,  nor  those  (B,  fi,  B.  ^)  fnxit  fi, 
fall  i]]X)n  identical  points;  hence  A  and  B  appear  double. 

Make  a  point  (e.g.,  2)  with  ink  on  pai>er ;  of  Connie  the  image  will  fall  apon  both  foveae  ccnmia 
of  the  retin.v  {2,  2),  which,  of  course,  are  identic.1l  points.  Now  press  Ulerally  upon  one  Vft.m 
as  to  displace  it  slightly ;  then  two  points  at  once  appear,  liecausc  the  image  of  the  point  no  Unigtt 
falls  upon  the  fovea  centralis  of  (he  displaced  eyc»  nut  on  an  adjoining  non-identical  pait  of  tlw 
retina.     When  we  squint  voluntarily  all  objects  a|>pear  double. 

Fio.  500.  Fic.  501. 
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Scheme  of  idenliail  am]  ncrs'ldcntlcal  polnt%  of  tbe 
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Horoptcf  for  the  Mcondanr  pod 
cooveqicncc  of  die  tmiI  ■ 


The  vertical  surfaces  of  se^iaration  of  the  retina  do  not  exactly  coincide  with  the  trrtuai  mtn- 
(iians.  There  is  a  certain  amount  of  divergence  (o.5''-3°),  lew  above,  which  rarie*  in  diBcml 
individuals,  and  it  may  be  in  the  same  individual  at  different  times  (Nering,  Domdm),  The  hofl- 
zontal  Imcs  of  separation,  however,  coincide.  Images  which  fall  upon  tbe  vertical  lines  of  •raa>- 
tiun  appear  to  be  vertical  to  those  on  the  horizontal  lines,  although  Ibejr  ore  not  actually  so.  Hcsct 
the  vertical  lines  of  separation  are  the  apparent  vertical  meridians.  Soow  ofaKrren  regaxd  dK 
identical  points  of  the  retina  as  an  acijHtred  arran|rcmeni ;  others  regard  it  as  normaUy  ohmK. 
Persons  who  have  hod  a  s^iuint  from  their  birth  sec  singly ;  in  tticse  coses  the  identical  potntt  wA 
be  differently  disposed. 

The  horopter  represents  all  those  points  of  the  outer  world  from  which  r»j« 
of  light  passing  into  both  eyes  fall  upon  identical  points  of  the  retina,  the  C}t5 
being  in  a  certain  position.     It  varies  with  the  different  positions  of  the  eyes. 

1.  In  the  primary  position  of  both  eyes  with  the  visual  axes  parallel,  the  rays  of  diffMtkn  f**- 
ceediog  from  two  identical  points  of  the  two  retin.i;  are  parallel  and  intersect  only  at  Inftniiy.  HfBd 
for  the  priniar}'  position  the  horopter  is  a  plane  in  infinity. 

2.  In  the  eecondarypoflition  of  the  eyes  with  converging  visual  axes,  the  horopter  for  the  tfOB*- 
verae  lines  of  acparstion  is  a  circle  which  passes  through  the  nodal  points  of  both  eyes  ( Fig.  501. 
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K,  K)  and  through  the  fixed  points  I.  11,  III  {Joh.  Muller).     The  horopter  of  the  vertical  lines  of 
separation  is  in  thlx  position  vertical  to  the  plane  of  vision. 

3.  Id  the  symmetrical  tertiary  position,  in  which  the  horizontal  and  vertical  lines  of  separation 
form  an  angle,  the  horopter  of  the  vertical  lines  of  separation  is  a  straight  line  inclined  toward  the 
horiion.  There  is  no  horopter  for  ihc  identical  points  of  the  horizontal  lines  of  separation,  as  the 
lines  of  direction  prolonged  from  the  identical  points  of  these  points  do  not  intersect. 

4.  In  the  unsymmetrical  tertiary  position  (with  rolling)  of  the  eyes,  in  which  the  fixed  point  lies 
at  unequal  distances  from  both  nodal  points,  the  horopter  is  a  curve  of  a  complex  form. 

AH  objects,  the  rays  proceeding  from  which  fall  upon  non-identical  points  of 
the  retina;,  appear  double.  We  can  distinguish  direct  ox  crossed  Ao\xh\^  images, 
according  as  the  rays  prolonged  from  the  non-identical  points  of  the  retina  inter- 
sect in  front  or  behind  the  fixed  point. 

Experiment.— Hold  two  fingers — (he  one  behind  the  other— tiefore  both  eyes.  Accommodate 
for  the  far  one,  and  then  the  near  one  appears  double ;  and  when  we  accommodate  for  the  near 
one,  the  far  one  appean  double.  If,  when  accommodating  for  the  near  one,  the  right  eye  be  closed, 
the  left  (crossed)  image  of  the  far  fmger  disapi>ears.  On  accommodating  for  the  far  finger  and 
closing  (he  right  eye,  the  right  (direct)  double  image  of  the  near  linger  disappears. 

Double  images  are  referred  to  the  proper  distance  from  the  eyes,  just  as  single 
images  are. 

Neglect  of  Double  Images. — Notwithstanding  the  very  large  number  of 
double  images  which  must  he  formed  during  vision,  they  do  not  disturb  vision. 
As  a  general  rule,  they  are  **  neglected,"  so  that  the  attention  must,  as  a  rule,  be 
directed  to  them  before  they  are  perceived.     This  condition  is  favored  thus: — 

1.  The  attention  is  always  directed  to  the  point  of  the  field  of  vision  which  is  accommodated  for 
at  the  time.  The  image  of  this  part  is  projected  on  to  lx>th  yellow  spots,  which  are  identical  points 
of  the  retina. 

2.  The  form  and  color  of  objects  on  the  lateral  parts  of  the  retina  arc  not  perceived  so  sharply. 

3.  The  eyes  are  always  accommodated  for  those  points  which  are  looked  at.  Hence,  indistinct 
images  with  diffuston  circles  are  always  formed  by  those  objects  which  yield  double  images,  so  thai 
they  can  l»c  more  readily  neglected. 

4.  Many  double  images  lii;  so  close  together  thai  the  greater  part  of  them,  when  the  images  are 
large,  covers  the  olher. 

5.  Hy  practice,  images  which  do  not  exactly  coincide  may  be  onited. 

402.  STEREOSCOPIC  VISION.— On  looking  at  an  object,  both  eyes 
do  not  yield  trxaclly  similar  images  of  that  object — the  images  are  slightly  differ- 
ent, because  the  two  eyes  look  at  the  object  from  two  different  points  of  view. 
With  the  right  eye  we  can  see  more  of  the  side  of  the  body  directed  toward  it. 
and  the  same  is  the  case  with  the  left  eye.  Notwithstanding  this  inequality,  the 
two  images  are  united.  How  two  different  images  are  combined  is  best  under- 
stood by  analyzing  the  stereoscopic  images. 

Let.  in  Hg.  502,  L  and  R  represent  two  such  images  as  are  obtained  with  the  left  and  right  eyes. 
These  images,  when  seen  with  a  stereoscope,  look  lilce  a  truncalctl 

pyramid,  which  projects  toward  the  eye  of  the  observer,  as  the  Fig.  502. 

points  indicated  by  the  same  signs  cover  each  other.     On  meaaur-    ^  a      . 

ing  the  distance  of  Ihc  point'',  which  coincide  or  cover  each  other 
in  ooth  figures,  we  find  that  the  distances  A,  <?,  B,  ^,C,  c,  D,  rf,  are 
equally  great,  and  at  the  same  time  are  the  widest  of  all  (he  points 
of  both  figures;  the  distances  E,  e,  K,/,  CJ,^%  M.M,  are  ako  equal, 
but  are  xm(;/i>r  than  the  former.  (^  looking  at  the  coinciding 
line*  (A,  E,  d,  f,  and  B,  F,  A,/)  we  observe  that  all  ihc  point*  of 
this  line  which  He  near  to  A  o  and  B  h  are  further  apart  than  [hose 
lying  nearer  E  i  and  F/. 


D     i 


Two  Btcremcopk  drawicfs. 


Comparing  these  results  with  the  stereoscopic  image, 
we  have  the  following  laws  for  stereoscopic  vi- 
sion: I,  All  those  points  of  two  stereoscopic  images,  and,  of  course,  of  two  retinal 
images  of  an  object,  which  in  both  images  are  equally  distant  from  each  other,  ap- 
pear on  the  same  plane.  2.  All  points  which  are  nearer  to  each  other,  compared  with 
the  distance  of  other  points,  appear  to  be  nearer  to  the  observer.     3.  Conversely, 
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all   points  which  lie  further  apart  from  each  other  appear  perspectively  in 
background. 

The  cause  of  this  phenomenon  lies  in  the  fact  that,  "  in  vision  with  both  ey« 
we  constantly  refer  the  position  of  the  individual  images  in  the  direction  of  the 
visual  axis  to  where  they  both  intersect." 

Proofs. — The  following  stereoscopic  ex{>eriincnt  (Fig.  503)  proves  thu:  Tmke  boUi  imago  of 
two  pairs  of  points  {a,  b,  and  a.  ii),  which  are  at  unequal  distances  from  each  other  oa  the  vb- 
face  of  the  paper.  By  means  of  small,  stererwcopic  prisms  cause  ihem  to  coincide,  then  the  coA> 
bined  point,  A  of  a,  and  a  apnesrs  at  a  diatance  ou  Uie  plane  of  the  paper,  white  the  other  pmnl, 
B,  produced  by  the  suijerposition  of  ^  and  (1,  fluai&  in  the  air  before  the  observer.  Fig.  503  >hovt 
how  this  occurs.  The  following  experiment  shows  the  same  result :  Draw  two  (ignres,  whtdi  an 
ID  l>e  superposed  nmilar  to  the  lines  Ii,  A,  A,  E,  A,  a,  and  o,  ft  in  Fig.  502.  In  the  lines  B,  A, 
and  A,  a,  all  the  points  which  are  to  be  superposed  lie  equally  dirtant  from  each  other,  while,  oa  the 
contrary,  all  the  points  in  A,  E,  and  a,  t,  which  lie  nearer  E  and  r,  are  consuntlT  nearer  to  e»dt 
other.  When  looked  at  with  a  stereoscope,  the  superposed  verticals,  A,  /-,  and  U,  h.  lie  in  the  pUfM 
nl"  Ihe  paper,  while  the  supcr(>osed  lines,  A,  a,  and  E.c,  project  obliquely  toward  the  observer  from 
the  plane  of  the  paper.     From  these  two  fundamental  experimenta  we  may  aitalyzc  alJ  |)>un  of 

Fig.  503.  Fig.  504. 
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Scheme  of  Brewster's  siemncope. 


Whcantonc'i  *ic 


stereoscopic  pictures.     Thus,  in  Fig.  503,  if  we  exchange  the  two  jMCturcs.  so  that  R  lies  in  iht 
place  of  L,  then  we  must  obtain  the  impression  of  a  iruncaied  hollow  pyramid. 

Two  stereoscopic  pictures,  which  are  so  constructed  thu  the  one  contains  the  l)ody  fnm  d* 
front  and  above,  and  the  other,  it  from  the  front  and  below  ( suppose  in  Fig.  502  the  liaes  A  B  iftl 
a  b  were  Ihe  ground  lines),  can  never  be  Aupcrfmsed  by  means  of  the  slereosoope. 

This  process  has  been  explained  in  another  way.  Of  the  two  figures,  R  and  L 
{Fig.  502),  only  A  B  C  D  and  abed  fall  upon  identical  points  of  the  rctici. 
hence  these  alone  can  be  superposed ;  or,  when  there  is  a  different  convcrgent€ 
of  the  visual  axis,  only  E  F  G  H  and  ef^  h  can  be  superposed  for  the  sanw 
iT.ison.  Suppose  the  square  ground  surfaces  of  the  figures  are  first  superpoiscd,  in 
order  to  explain  the  stereoscopic  impression,  it  is  further  assumed  that  both  eye*, 
after  superposition  of  the  ground  squares,  are  rapidly  moved  toward  the  apex  of  the 
pyramid.  -As  the  axis  of  the  eyes  must  thereby  converge  more  and  more*  ibe 
apex  of  the  pyramid  appears  to  project ;  as  all  points  which  require  the  coovet- 
gence  of  the  eyes  for  their  vision  appear  to  us  to  be  nearer  (see  below).    Thus,  »U 
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corresponding  parts  of  both  figures  would  be  brought,  one  after  the  other,  upon 
identical  points  of  the  retina  by  the  movements  of  the  eyes  {Briicke). 

It  has  been  urged  against  this  view  that  the  duration  of  an  electrical  spark 
suffices  for  stereoscopic  vision  {Dove) — a  time  which  is  quite  insufficient  for  the 
movements  of  the  eyes.  Although  this  may  be  true  for  many  figures,  yet  in  the 
correct  combination  of  complex  or  extraordinary  figures,  these  movements  of  the 
visual  axes  are  not  excluded,  and  in  many  individuals  they  are  distinctly  advan- 
tageous. Not  only  the  actual  movements  necessary  for  this  act,  but  the  sensations 
derived  from  the  muscles  are  also  concerned. 

When  two  figures  are  momentariiy  combined  to  form  a  stereoscopic  picture, 
there  being  no  movement  of  the  eyes,  clearly  many  points  in  the  stereoscopic 
pictures  are  superposed  which,  strictly  speaking,  do  not  fail  upon  identical  points 
of  the  retina.  Hence  we  cannot  characterize  the  identical  points  of  the  retina 
as  coinciding  mathematically;  but,  from  a  physiological  point  of  view,  we  must 
regard  such  points  as  identical,  which,  as  a  ruie^  by  simultaneous  stimulation, 
give  rise  to  a  single  image.  The  mind  obviously  plays  a  part  in  this  combination 
of  images.  There  is  a  certain  psychical  tendency  to  fuse  the  double  images  on 
the  retinx  into  one  image,  in  accordance  with  the  fact  that  we,  from  experience, 
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lize  the  existence  of  a  single  object.  If  the  differences  between  two  siereo- 
ic  pictures  be  too  great,  so  that  parLs  of  the  retina  too  wide  apart  are  excited 
thereby,  or  when  new  lines  are  present  in  a  picture,  and  do  not  admit  of  a  stereo- 
scopic effect,  or  disturb  the  combination,  then  the  stereoscopic  effect  ceases. 

The  stereoscope  U  an  in-trumciU  by  means  of  which  two  somewhat  similar  pictures  drawn  in 
perspective  may  be  Buperposed  so  thai  ihey  apjiear  single.  WheatMone  (1838)  oUained  this  result 
by  means  of  two  mirrors  placed  at  an  angle  (Fig.  504) ;  Brew&lcr  (1843)  by  two  prisms  (Fig.  503). 
The  construction  and  mode  of  action  are  obvious  from  the  itlustraiions. 

Some  pairs  of  two  such  pictures  may  be  combined,  without  a  stereoscope,  by  directing  the  visual 
axis  of  each  eye  to  the  picture  held  opposite  to  it. 

Two  completely  identical  pictures,  1.  e.,  in  which  all  corresponding  points  have  exactly  the  same 
relation  to  each  other,  as  the  same  sides  of  two  copies  of  a  lxx}k,  appear  quite  flat  under  the  stereo- 
scope; as  soon,  however,  as  in  one  of  them  one  or  more  points  alters  its  relation  to  the  corresixjnding 
points,  this  point  either  projects  or  recedes  from  the  plane. 

Telestereoacope.— When  objects, placed  at  a  great  distance, are  looked  at,^.^.,  the  most  distant 
part  of  a  landscape,  they  appear  to  us  to  be  Hat,  as  in  a  picture,  and  do  not  stand  out,  l>ecause  the 
slight  differences  of  position  of  our  eyes  in  the  head  arc  not  to  be  compared  with  the  great  distance. 
In  order  to  obtain  a  sterL-oHCopic  view  of  such  objects,  v.  Helmlioltz  constructed  the  tele  stereo  scope 
( Fig.  505),  an  apparatus  which,  by  means  of  two  parallel  mirrors,  places,  as  it  were,  the  point  of 
view  of  both  eyes  wider  apart.     Of  the  mirrors,  1.  and  R  each  projects  its  image  of  the  landscape 
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npOD  /and  r,  lo  which  both  eye&.  0, 0.  ire  directed.  According  to  the  diiUncc  between  L  mad  R. 
the  eyes,  O.  o,  u  it  were,  are  displBred  to  O/.  a,.  The  diAani  laocUcapc  appean  like  a  stereo- 
ficopic  view.  In  order  lo  sec  distant  |>arts  more  clearly  and  nearer,  a  double  leleacoiK  or  Ofcn 
glau  may  be  placed  in  front  or  the  ey(!«  (p   809}. 

Take  two  oorrespondioj;  stereoscopic  pictures  with  the  sariaces  black  in  one  case  and  Ugbt  n 
the  other.  Draw  two  truncated  pyramids  like  Fig.  502,  make  one  hi;ure  exactly  like  L,  i.  e  .  with 
a  white  surface  and  block  lines,  and  the  other  with  white  Un«s  and  a  black  surface,  then  Dndrrtbc 
stereoscope  such  objects  glance.  The  causing  of  the  glancij^;  conditian  is  that  the  (^lancine  bodr 
at  a  certain  r1i<4ance  reflects  bright  ti^lit  into  one  eye  and  n  it  into  the  olber,  becaaae  a  ray  relcocd 
at  an  angle  cannot  enter  lioth  eyes  simullaiieoiisly  {/hn'e). 

Wbeatstone's  Pseudoscope  consists  of  two  right-an^^lcd  prisms  (Fig.  506,  A  and  B)cndBMd 
in  a  lube,  throu{;h  which  we  can  look  in  a  direction  parallel  with  the  surlaces  of  the  hyptnenmn. 
If  a  spherical  surface  he  looked  at  with  thif  infitnimenl,  the  imaoe  formed  in  each  eye  is  inverted 
laterally.  The  right  eye  sees  the  view  usually  obtained  by  the  left  eye,  and  conversely ;  the  shadow 
which  the  body  in  the  li{;hi  throws  u{K>n  a  light  ground  is  reversed,     I  Icnce  the  ImiII  appears  hoDow. 

Struggle  of  the  Fields  of  Vision, _Thc  stereoscope  is  alto  useful  for  the  fullowioc  parpoac: 
In  vision  with  buth  eyes,  botli  eyes  aic  almost  never  active  simultaneously  and  lo  the  same  euctil; 
both  undergo  variations,  so  that  first  the  impression  on  the  one  rrtina  and  then  that  on  the  other  is 
stronger.  If  two  different  surfaces  be  placed  in  a  stercoKope.  then,  especially  when  ihty  tn 
luminous,  these  two  alternate  in  the  general  field  of  vision,  according  as  one  or  other  eye  is  acti«t 
(PiiMum).  Take  two  surfaces  with  tines  ruled  on  them,  so  that  when  the  surfaces  are  supcfyosr^ 
the  lines  will  cross  each  other,  then  either  the  one  or  the  other  sy»lem  uf  lines  is  more  proMiaM 
{Piinum).  The  same  is  true  with  colored  stereoscopic  figures,  so  that  there  is  a  contefl  or  Vn^^ 
of  the  colored  tields  of  vision. 

403.  ESTIMATION  OF  SIZE  AND  DISTANCE— FALSE  ES- 
TIMATES OF  SIZE  AND  DIRECTION,— Sizc.-Wc  cstitnate  the 
sue  of  an  object — apart  from  all  other  factors — from  the  size  of  the  retinal 
image;  thus  the  moon  isestitnated  to  be  larger  than  the  stars.  If,  while  looking 
at  a  distant  landscape,  a  fly  should  suddenly  pass  across  our  6eld  of  vision,  near 
to  our  eye,  then  the  image  of  the  fly,  owing  to  the  relatively  great  si/c  of  the 
retinal  image,  may  give  one  the  impression  of  an  object  as  large  as  a  bird.  U, 
owing  to  defective  accommodation,  the  image  gives  rise  lo  diffusion  circles,  the 
size  may  appear  to  be  even  greater.  But  objects  of  very  unequal  size  give  equally 
large  retinal  images,  especially  if  they  are  placed  at  such  a  distance  that  they  form 
the  same  visual  angle  (Fig.  465) ;  so  that  in  estimating  the  actual  size  of  an 
object,  as  opposed  to  the  apparent  size  determined  by  the  visual  angle,  the 
estimate  of  tiistam-e  is  of  the  greatest  importance. 

As  to  the  distance  of  an  object,  we  obtain  some  information  from  the  feeling 
of  accommodation,  as  a  greater  effort  of  the  muscle  of  accommodation  is  re- 
quired for  exact  vision  of  a  near  object  than  for  seeing  a  distant  one.  But,  as 
with  two  objects  at  unequal  distances  giving  retinal  images  of  the  same  stu,  ire 
know  from  experience  that  that  object  is  smaller  which  is  near,  then  that  object  i* 
estimated  to  be  the  smaller  for  which,  during  vision,  we  must  accommodate  mor< 
strongly. 
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In  this  way  we  explain  the  follon-iri|;:  A  jienion  bcfrinntng  to  use  a  microscope  always 
with  the  eyes  accommodated  fur  a  near  object,  whili:  uiic  u&cd  to  the  microscope  looks  throng  it 
without  accommodating.  Ilcnce  beginners  always  estimate  microscopic  objects  as  too  small,  aad 
on  making  a  drawing  of  them  it  is  too  small.  If  we  produce  an  after  tma^e  in  one  eyr,  it  M  oace 
appraT^  smaller  on  acamtmiHlaiing  for  a  ncnr  object,  and  again  becomes  larger  during  ncgaliw  ae- 
commodntion.  If  we  bnik  wiih  one  eye  at  a  small  body  placed  as  near  ■»  ponible  lo  the  eye,  dm 
a  IxKly  lying  behind  it,  but  seen  only  indirectly,  appears  smaller. 

Angle  of  Convergence  of  Visual  Axes. — In  estimating  the  she  ot  aft 
object,  and  taking  into  account  our  estimate  of  its  distance,  we  also  obtain  much 
more  important  information  from  the  degree  of  cotwergeme  of  the  vistul  axes. 
We  refer  the  position  of  an  object,  viewed  with  both  eyes,  to  the  point  where  both 
visual  axes  intersect.  The  angle  formed  by  the  two  visual  axes  at  this  |>oinl  is 
called  the  *'angle  of  convergence  of  the  visual  axes"  {*'  Gfsti-htswmkfi*'\.  The 
larger,  therefore,  the  visual  angle,  the  size  of  the  retinal  image  ren-uiining  the  ume 
— we  judge  the  object  to  be  nearer.  The  nearer  the  object  is,  it  may  be  the  stnaller 
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in  order  to  form  a  "  visual  angle  *'  of  the  same  size,  such  as  a  distant  large 
object  would  give.  Hence,  we  conclude,  that  with  the  same  apparent  si/.e  (equally 
large  visual  angle,  or  retinal  images  of  the  same  size)  we  judge  that  object  to  be 
smallest  which  gives  the  greatest  convergence  of  the  visual  axes  during  binocular 
vision.  As  to  the  muscular  exertion  necessary  for  this  purpose,  we  obtain  infor- 
mation from  the  muscular  sense  of  the  ocular  muscles. 

Experiments  and  ProofB. — The  Chessboard  Phenomenon  of  II.  Meyer— i.  If  we  look  ai 
a  uniform  chcaaboard-like  pattern  (tapcsiry).  then,  when  the  visual  axes  are  directed  directly  for- 
ward, the  spaces  on  the  pattern  appear  of  a  certain  size.  If,  now,  we  look  at  a  nearer  object,  we 
may  cause  the  visual  axes  to  cross,  when  the  pattern  apparently  moves  inward  the  plane  of  the  fixed 
point,  so  that  the  croiised  doable  ima^s  arc  su(>crposed,  and  the  pattern  at  once  appears  smaller. 

a.  Rolleti  looks  at  an  object  through  two  thick  plates  of  glau  placed  at  an  angle.  The  plates  are 
at  one  time  so  placed  that  the  apex  of  the  angle  is  directed  toward  the  observer  (Kig.  507,  II),  at 
another  in  the  reverse  position  (I).  If  both  eyes./and  i,  arc  to  see  the  object  a,  in  I,  then  as 
the  glass  plates  so  diitplace  the  rays,  a,  t,  and  a,  ^',  as  to  make  them  parallel  with  the  direction  of 
these  rays,  viz.,  t,/,  and  A,  i,  then  the  eyes  must  converge  more  than  when  they  are  turned  directly 
toward  a.  Hence  the  object  appears  nearer  and  smaller,  as  at  a.  In  II,  the  rays,  ^,  k*  and  b^  n, 
from  the  nearer  object  ^,,  fall  upon  the  glass  plates.  In  order  to  sec  6^  the  eyes  (n  and  f)  must 
iiiv*rfTe  more,  so  that  b  appears  more  distant  and  larger. 

Fig.  S07. 


Fig.  50S. 
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13.  In   looVioj;  through  IVkeatsfone's  reJUcting  stertoirope  (Fif;.  504,  11),  it  is  obvious  that  the 
more  the  two  images  approach  the  otnerver.  the  more  must  the  observer  converge  his  visual  axes, 
because  the  angles  of  tncidence  and  reflexion  arc  greater.     Hence  the  compound  picture  now  ap- 
pears to  him  to  be  smalUr,     If  the  Centre  of  the  image,  R,  recedes  to  R,,  then  of  course  the  angle, 
I  ^1  !•  ^9>  is  equal  to  S,,  rR^  and  the  same  on  the  left  side. 

4.  In  using  the  Uleiter<oi£op<y\\\^  two  e\cs  arc,  as  it  were,  separated  from  each  other,  then,  of 
course,  in  looking  at  objects  at  a  certain  distance,  the  convec^ence  of  the  visual  axes  mu6t  be  grtater 
.  than  in  normal  vision.     Hence  objects  in  a  landscape  appear  as  in  a  small  model.      Uul  as  we  are 

accustomed  to  infer  that  such  small  objects  are  at  a  great  distance,  hence  the  objects  themselves  ap- 
pear to  recede  in  the  duttance. 


RoUeit'fl  gtau  pUie  spponnu. 


ZoUner'*  lln«*. 
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Estimation  of  Distance. — When  the  retinal  images  are  of  the  same  size,  we 
esiimaie  the  distance  to  be  greater  the  less  the  effort  of  accommodation,  and 
conversely,  in  binocular  visiun,  when  the  retinal  images  are  of  the  same  size,  we 
infer  thai  that  object  is  most  distant  for  which  the  optic  axes  are  least  converged, 
and  conversely.  Thus  the  estimation  of  size  and  distance  go  hand  in  hand,  in 
great  part  at  least,  and  the  correct  estimation  of  the  distance  also  gives  us  a  cor- 
rect estimate  of  the  size  of  objects  {Descartes).  A  further  aid  to  the  estimation 
of  distance  is  the  observation  of  the  apparent  displacement  of  objects,  on  moving 
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our  head  or  body.  In  the  latter,  especially,  lateral  objects  appear  to  change  their 
position  toward  the  background,  the  nearer  they  are  to  us.  Hence»  when  trawl- 
ing in  a  train,  in  which  case  the  change  of  position  of  the  objects  occur*  very 
rapidly,  the  objects  themselves  are  regarded  as  nearer  (SicJi),  and  also  smaller 
{Di>V€).  Lastly,  those  objects  appear  to  us  to  be  fieanst  which  are  most  distimtt 
in  the  field  of  vision. 

Example, — A  light  in  a  dark  landscape,  and  a  dozzlint;  crown  of  tnow  on  a  hill,  appear  >o  be 
near  lo  us ;  looked  at  from  the  top  of  a  hiRli  inouritaiD.  the  silver  glancing  curved  coarse  of  ■  riter 
not  upfrequcntly  appears  as  if  it  were  raised  from  the  plane. 

False  Estimates  of  Size  and  Direction. — i.  A  line  divided  by  intermcdiale  point*  appesn 
lon|;cr  than  one  not  sn  divided.  Hence,  the  heavens  do  not  appear  to  ns  as  a  hollow  ^berr,  bot 
as  curved  like  an  ellipse;  and  for  the  last  reason  the  dink  of  the  setting  »un  b  estimated  to  be 
lar(;er  than  the  sun  when  it  is  in  the  cenith  {Piolemy,  150  A.u.)-  S-  If  we  move  a  circle  slowly  to 
and  fro  behind  a  slit  it  appears  as  a  horiiontal  ellipse.  If  vre  move  it  rapidly  it  appears  as  a  rtnjcal 
clIipK.  3.  If  a  very  Bne  line  be  drawn  obli<]aely  across  a  vertical  thick  black  line,  then  the 
direction  of  the  fine  line  t»eyond  the  thick  one  appears  to  be  different  from  its  original  dirtctioo. 
4.  ZOllner's  Lines. — Draw  three  parallel  hnri?nnlat  lines  1  centimetre  apart,  and  ihronch  ibe 
upper  and  lower  ones  draw  short  oblique  parallel  lines  in  the  dircdioti  from  above  and  the  left  to 
below  and  the  ri(iht ;  through  the  middle  line  draw  similar  oblique  tines,  but  in  the  oppcj««e 
direction,  then  the  three  horizontal  lines  no  longer  appear  to  be  parallel.  [Fig.  508  snows  ■ 
modification  of  this.  Tlie  lines  are  actually  parallel,  although  some  of  them  appear  to  converje 
and  others  to  diver^^e  1  If  we  look  in  a  dark  room  at  a  bright  vertical  line,  and  then  bead  the 
head  toward  the  shoulder,  the  line  appean  to  Ite  bent  in  the  opposite  direction  iAt^trt'). 

404.  PROTECTIVE  ORGANS  OF  THE  EYE.— I.  The  eyelids  are  reprc»ented  in 
section  in  Rg,  509  The  tarsu«  is  in  reality  not  a  cartilage,  but  merely  a  rigid  plate  of  connective 
tissue,  in  which  the  Meibomian  glands  ore  lml>edded  ;  acinous  sebaceoas  glands  inoiMen  the  edges 
of  the  eyelids  with  fatty  matter.  At  the  basal  margin  of  the  tardus,  especially  of  the  Qpper  one, 
close  to  the  reflection  of  the  conjunctiva,  there  opens  the  acino-tohular  glands  of  Kraose.  The 
conjunctiva  covers  the  anterior  surface  of  the  bulb  as  far  as  the  margin  of  the  cornea,  over  which 
the  efiithelium  alone  ii  cnntinued.  On  the  posterior  surface  of  the  eyelid  the  conjunctiva  is  partly 
provided  with  pspilLx.  It  is  covered  by  otratified  prismatic  epithelium.  Colled  gland*  occor  m 
ruminants  just  outside  the  margin  of  the  cornea  ( AMssHrr),  while  ouL'ide  this,  toward  the  outer 
angle  of  the  eye  in  the  pig,  there  are  simple  glandular  sacks  {A/ans).  Waldeycr  describes  moaJiftcd 
sweat  glands  in  the  tarsal  margins  in  man.  Small  lymphatic  sacks  in  the  conjunctiva  are  called 
irachoma  glands  Krause  found  rw/  Au/^s  in  the  conjunctiva  bulbi.  The  Uood  vessels  in  the  am- 
junctiva  communicate  with  the  juice  canals  in  the  cornea  and  sclerotic  (p.  753  K  The  secretion  t4 
the  conjunctiva.  l>esidcs  some  mucus,  conssls  of  tears,  which  may  be  as  abundant  as  thoae  IbriDcd 
in  the  lachrymal  gland<. 

The  closure  of  the  eyelids  is  accomplished  by  the  orbicularis  palpebrarum 
{facial  ncroe,  §  349),  whereby  the  upper  lid  falls  in  virtue  of  its  own  weight 
This  muscle  contract»—(i)  voluntarily;  (3)  involuntarily  (single  contractions) ; 
(3)  reflexly,  by  stimulation  of  all  the  sensory  fibres  of  the  trigcnainus  distributed 
to  the  bulb  and  its  immediate  neighborhood  (§  347),  also  by  intense  stimulation 
of  the  retina  by  light ;  (4}  continued  involuntary  closure  occurs  during  sleep. 

The  opening  of  the  eyelids  is  brought  about  by  the  passive  descent  of  the 
lower  one.  and  the  active  elevation  of  the  iiji[»er  eyelid  by  the  levator  palpebra; 
siiperioris  (^  345).     The  smooth  muscular  fibres  of  the  eyelids  also  aid  (p.  6231. 

II.  The  lachrymal  apparatus  consists  of  the  lachrymal  glanda,  which  in  siructure  closely 
rewrmbic  the  parotid,  their  .icim  l>eing  lined  by  low,  cylindrical,  granular  epithelium.  Four  to  6»e 
larger  and  eight  to  ten  smaller  excretory  ducts  conduct  the  tears  above  the  outer  angle  of  the  lid 
into  the  fornix  conjunctiva.  The  tear  ducts,  beginning  at  the  puncta  Ischrj'cDalia,  are  conpoted 
of  connective  and  elastic  tissue,  and  are  lined  by  stratified  squamous  epithelium.  Striped  miiscfe 
accompanies  the  duct,  and  by  its  contraction  keeps  the  duct  open  (  Wedl).  Toldt  found  no 
sphincter  surrounding  the  puncta  lachrymalia,  while  Gerlach  found  an  incomplete  CTrcnlar  mute*- 
laiure.  The  connective-tissue  covering  of  the  tear  sack  and  canal  is  united  with  the  adjoininc 
periosteum.  The  thin  mucous  membmne,  which  contains  much  adenoid  tissue  and  lyniph  cclk,  is 
lined  by  a  single  Inyer  nf  ciliated  cylindrical  epithelium,  which  liclow  passes  into  the  nraliAeU  for*. 
The  opening  of  the  dud  is  often  provided  with  a  valve-like  fold  (Ilasoer's  valve). 

The  conduction  of  the  tears  occurs  between  the  lids  and  the  bulb  bjr  roeattt 
of  capiiiarity,  the  closure  of  the  eyelids  aiding  the  process.     The  Metboroiao 
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secretion  prevents  the  overflow  of  the  tears  Jjust  as  greasing  the  edge  of  a  glass 
vessel  prevents  the  water  in  it  from  overflowing].  The  tears  are  conducted  from 
the  puncta  through  ihe  duct,  chiefly  by  a  siphon  action  (^it/.  Weber).  Homer's 
muscle  (also  known  to  Duvemoy,  167S)  likewise  aids,  as  every  time  the  eyelids 
are  closed  it  pulls  upon  the  posterior  wall  of  the  sack,  and  thus  dilates  the  latter, 
so  that  it  aspirates  tears  into  it  {Henke). 
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VartiaJBectiofi  through  the  upper  Eyelid  (^Aer  Waldcyvt).  v4.  emu  :  t,  epIdeniiHi ;  a.choriutn;  if  and  ^,  nibcuu- 
D*CMU  cooncciivr  iMitie;  c -ind  7  orbictklani  imiicln  ami  itn  ImithIIm  ;  /I,  loo^e  ftulicnuicular  coniiecdve  tU»vje ; 
£,  jfuertion  of  H.  Mullcr**  miucle;  f.  unus:  C,  coniimctiva  ;  ^,  inner  edge  of  the  lid  :  A',  ouicr  cd^e  ;  4.  pic- 
cnent  cclb  in  the  cutii  ;  5,  vwcut  g'^nds  ;  6,  hair  rolliclcs  with  hair^  ;  8  and  aj,  lectiims  of  nerves  :  tj,  artrrie*  ;  la, 
veins;  ii.ciliia;  la,  mixliticd  sivcat  glands  :  ij,  circular  muscle  of  RioUn  ;  14,  upeniag  uf  a  Meibomian  glaitd  ; 
■  5,  tectlnii  of  nn  acJnuA  of  ih«  tame  -.  16,  posterior  larr^l  ^LandK  ;  iB  and  19,  tU%UC  of  the  tBraUk  ;  to,  prstanal  or 
^ub-mu»cul«r  cusnective  tHiue  :  vi  and  ja.  conjunctiva,  with  iu  epithelium;  S4,  fkt;  35,  loiMcly  woven  posterior 
end  iif  the  tortus ;  3^,  sectiun  of  a  pulpebnil  artery. 

E.  H.  Weber  and  Hasner  ascnbe  the  aspiration  of  the  lean  to  the  diminalion  of  the  amount  of 
air  in  the  nasal  cavities  during  inspiration.  Arh  asserts  that  the  tear  sack  is  compressed  by  the  con- 
traction of  the  orbicularis  muscle,  so  that  the  tears  must  be  forced  toward  the  nose,  l^ostly,  Siell- 
wag  supposes  that  when  the  eyelids  are  closed,  the  tears  are  simply  pressed  into  the  puncta,  while 
Gad  denteb  that  there  is  any  kind  of  pumping  mechanism  in  the  nasal  canal.  Landois  points  out 
that  the  tear  ducts  arc  surrounded  by  a  plexus  of  veins,  which,  according  to  their  state  of  distention, 
may  influence  the  size  of  these  tulies. 
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The  secretion  of  tears  cakes  place  only  by  direct  stimulation  of  the  lachrymal 
nerve  (§347,  1,  2),  subcutaneous  malar  (§347.  !!»  2)  and  cervical  sympathetic 
(§  356.  A,  61,  which  have  been  called  secretory  nerves.  Secretion  may  also  be 
excited  refiexiy  (p.  623)  by  stimulation  of  the  nasal  mucous  membrane  only  on 
the  same  side  {Herzemtein).  The  ordinary  secretion  in  the  waking  condition  is 
really  a  reflex  secretion  produced  by  the  stimulation  of  the  anterior  surface  of  the 
bulb  by  the  air  or  by  the  evaporation  of  tears.  In  sleep  all  these  factors  arc 
absent,  and  there  is  no  secretion.  Histological  Changes. — Keichel  found  that 
in  the  active  gland  (after  injection  of  pilocarpin),  the  secretory  cells  became 
granular,  turbid  and  smaller,  while  the  outlines  of  the  cells  became  less  distinct 
and  the  nuclei  spheroidal.  In  the  resting  gland  the  cells  are  bright  and  slightly 
granular,  with  irregular  nuclei.  Intense  .stimulation  by  light  acting  on  the  optic 
nerve  causes  a  reflex  secretion  of  tears:.  The  flow  of  tears  accompanying  certain 
violent  emotions,  and  even  hearty  laughing,  is  still  unexplained.  During  cough> 
ing  and  vomiting  the  secretion  of  tears  is  increased,  partly  rcflexly  and  partly  by 
the  outflow  being  prevented  by  the  expiratory  pressure. 

Function. — The  tears  moisten  the  bulb,  prevent  it  from  dr>ing,  and  float 
away  small  particles,  being  aided  in  this  by  the  closure  of  the  eyelids.  Atropin 
diminishes  the  tears  ( Moxaanf). 

Composition. — 'ITie  tears  are  alkaline,  saline  to  taste,  and  represent  a  "serous" 
secretion.  Water,  98.  i  to  99;  1.46  organic  substances  (o.  i  albumin  and  mucin, 
o. I  epithelium) ;  0.4  to  0.8  salts  (especially  NaCl). 

[Action  of  Drugs. — KssentUl  volatile  otli  and  cscrin  increaM  the  secrrtion  of  tcan,  atropii' 
arrests  it.  while  eserin  antagonizes  the  cfTect  of  atroptn  and  causes  an  iDCrca>cd  secretion.] 

405.  COMPARATIVE— HISTORICAL— Comparative.— Tite  aimplest  fomi  of  naiul 
apparatus  is  reprt-scnte<l  l»y  agi;rt;gatioji5  of  pigment  cells  in  the  outer  coverings  of  the  bo<iy,  wliich 
arc  in  connection  with  the  icrminalion  of  afTcrcnil  nerves.  The  pigment  absorbs  the  rajrs  of  li^ht. 
and  in  virtue  of  the  light  ether  discharges  kinetic  energy,  which  excile&the  terminations  of  the 
nervous  apparatus.  Collections  of  pigment  cells,  with  nerve  (ibres  aitached,  and  |irovided  viih  a 
clear  refractive  l>ody,  occur  on  the  marpn  af  the  IwH  uf  the  hi)>her  medusae,  while  the  lower  fonot 
have  only  aggregations  of  pigment  on  the  bases  of  their  tentacles.  Also,  in  many  luwcr  wonu 
there  are  pitiment  tpots  near  the  brain.  In  others  the  pigment  lies  as  a  covering  round  the  tcmii- 
nations  of  the  nerves,  which  occur  ax  "  cr>'«taJline  rodi "  ur  "crystalline  iphem."  In  (laraBilic 
worms  the  visual  apparatus  is  absent.  In  atar  fishes  the  eyes  are  at  tlie  lips  of  the  armv,  itt'l 
consist  of  a  spherical  crfstat  organ  surrounded  with  pigment,  with  a  nerve  going  to  it.  In  ill 
other  cchinociermata  there  are  only  accumulations  uf  pigment.  Among  the  annulosa  there  aic 
several  grades  of  visual  apparatus — (i)  Without  a  cornea  there  may  be  only  one  crystal  ^ibeie 
(nervous  end  organ)  near  the  brain,  as  in  the  young  of  the  crab :  or  there  may  be  several  crytfal 
spheres  forming  a  comfmund  eye,  as  in  the  lower  crabs.  (2)  With  a  cornea,  coiuiiting  of  a  len- 
ticular tody  formed  from  the  chitin  of  the  outer  integument,  the  eye  itself  may  be  siniple,  nmvly 
consiiiiing  of  one  crystal  rod,  or  it  maybe  cam|>nunii.  The  com]^tund  eye  constats  of  only  oac 
large  lenticular  cornea,  common  to  all  the  crystal  ruds,  as  in  the  kpidcni;  or  each  crystal  rod  has  a 
special  lenticular  cumea  for  itself.  The  nutncrous  rwls  surruuadeu  hy  pigment  are  closely  packed 
together,  and  are  arranged  upon  a  curved  surface,  so  that  their  free  en<K  also  form  a  part  of  a  sphere. 
The  chitinous  investment  of  the  head  is  faceted,  and  forms  a  small  corneal  lens  on  the  free  end  of 
each  rod.  Accordin'^  to  one  view,  each  facetle,  with  the  lens  and  the  crystal  sphere,  is  a  special 
eye,  and  just  ax  man  has  two  eyes,  so  inKCis  have  several  hundred.  Each  eye  sees  the  piaurc  of 
the  outer  world  in  tofo.  This  view  is  supfwrted  by  the  following  exi>enmenl  of  van  Leeuwenhock : 
If  the  cornea  \*e  sliced  off,  each  facclie  thereof  gives  a  spxcial  image  of  an  object.  If  a  croas  he 
made  on  the  mirror  of  a  microscope,  while  a  piece  of  the  faceted  cornea  is  placed  as  an  object  upon 
the  stage,  then  we  see  an  image  of  the  cross  in  each  facette  of  the  cornea.  Thus,  for  each  rod 
(crystal  iiphere)  there  would  be  a  special  image.  Each  cumeal  facctte,  however,  forms  only  a  {>«n 
of  the  imigc  of  the  outer  world,  so  that  we  must  regard  the  image  as  composed  like  a  mosaic^^ 
Among  molluBca  the  fixc^l  branchipoda  have  two  pigment  spots  near  the  l>r«in.  tKit  only  in  tb< 
larval  condition ;  while  the  mussel  ha<t,  under  similar  conditions,  pigment  spots  with  a  refr&ctii 
IxKly.  The  adult  mussel,  however,  has  pigment  spots  (oceli)  only  in  the  m-irgin  of  the  mantel.  Nrt 
some  molluscs  have  stalked  and  highly-developed  eyes.  Some  of  the  lower  snails  have  no  eyes, 
some  have  pigment  spots  on  the  head,  whde  the  garden  snail  ha^  stalked  eyes  provided  with  a  contra, 
an  optic  nerve  with  retina  and  pigment,  and  even  a  lens  and  vitreous  body.  Among  cephalopoda 
I  he  nautilus  has  no  comea  or  lens,  so  that  the  sea  water  flou-s  frrdy  into  the  orbits.  CHaers  have  a 
Icits  and  no  cornea,  while  some  have  an  opening  in  the  comea  ( Loligo.  Sepia,  Octopus),     All  the 
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other  parts  of  the  eye  are  well  developed.  Among  venebratm  ftmphioxus  hA«  no  eyes.  They 
cxiM  in  a  degenerated  condiiion  in  Proteus  and  the  mammal  Spalax.  In  many  fishet,  amphibians 
And  reptiles  the  eye  is  covered  by  a  piece  of  tnins)>areni  sliia.  Some  hag-fishes,  the  crocodile,  and 
birds  h&ve  eyelids  and  a  nictitating  membrane  at  the  inner  angle  of  the  eye.  Connected  with 
it  is  the  Harderian  gland.  In  mammaU  ilic  nictttaiing  process  is  represented  only  by  the  plica 
sentilunaris.  There  is  nu  lachrymal  apparatus  in  hshes.  The  tears  of  snakes  remain  under  the 
walch-Klass-like  cutis  with  which  the  eye  is  covered.  The  sclerotic  often  contains  cartilage  which 
may  ossify.  A  vascular  organ,  ihc  procesauft  falciformia,  passes  from  the  middle  of  the  choroid 
into  the  interior  of  the  vitreous  body  in  usseous  fishes,  its  auierior  extremity  being  termed  the  cam- 
panula Halleri.  Similarly,  there  is  the  pecten  in  birds,  but  it  is  provided  with  muscukr  fibres.  In 
birds  the  cornea  ix  surrounded  by  a  bony  ring.  The  whale  has  an  enormou^^ly  thick  sclerotic.  In 
aquatic  animals  the  leus  is  nearly  spherical.  The  muscles  of  the  Iris  and  choroid  are  trans- 
versely striped  in  birds  and  rejitilcs.  The  retinal  rods  in  all  vertebrates  are  directed  from  before 
backward,  while  the  analogous  elements  (crystal  rods  and  spheres)  in  invertebrala  are  directed  from 
behind  forward. 

Historical. — The  Hippocratic  School  were  acquainted  with  the  optic  nerve  and  lens.  Aristotle 
(384  B.  c.)  mentions  that  section  uf  the  optic  nerve  causes  blindness— he  was  acquainted  with  after 
images,  short  and  long  sight.  Herophilus  {307  B.  c.)  discovered  the  retina,  and  the  ciliary  pro- 
cesses received  their  name  in  his  school.  Galen  { 131-203  A.  D.)  described  the  six  muscles  of  the 
eyeball,  the  puncta  lachrymalia,  and  tear  duct.  Aeran^er  [1521)  was  aware  of  the  fatty  matter  at 
the  edge  of  the  eyelids.  .Stephanns  (1545)  and  Casscn  {1609}  described  the  Meihominn  glands, 
which  were  afterward  redeStri[>ed  by  Meibom  (1666).  Fallopius  described  the  vitreous  membrane 
and  the  ciliary  ligament.  Pinter  ( 1 5S3)  mentions  that  the  posterior  surface  of  the  lens  is  more  curved. 
Aldrovandi  observed  the  remainder  of  the  pupUlary  membrane  (1599).  Observations  were  made 
at  the  time  of  Ve&alius  (1540)  on  the  refractive  action  of  the  lens.  Leonardo  da  Vinci  compared 
the  eye  to  a  camera  obscura.  Maurolykos  compared  the  action  of  the  lens  to  that  of  a  lens  of  glass, 
but  it  was  Kepler  (1611)  who  firal  showed  the  true  refractive  index  of  the  lens  and  the  formation  of 
the  retinal  image,  but  he  thought  that  during  accommodation  the  retina  moved  forward  and  back- 
ward. The  Jesuit,  Scheiner  (f  1650),  mentions,  however,  that  the  lens  becomes  more  convex  by 
the  ciliary  processes,  and  he  ajuumcd  the  existence  of  muscular  fibres  in  the  uvea.  He  referred 
long  and  short  sight  to  the  curvature  uf  the  lens,  and  he  first  showed  the  retinal  image  in  an  excised 
eye.  With  regard  to  the  use  of  spectacles  there  is  a  reference  in  Pliny.  It  is  said  that  at  the 
ticginning  of  (he  t^th  century  the  Florentine,  Salvino  d'Armato  degli  Armati  di  Fir  (f  1317),  and 
the  monk,  Alessandro  de  Spina  (f  1313),  invented  spectacles.  Kepler  (1611)  and  Descartes  (1637) 
described  their  action,  Mayo  (f  1852J,  described  the  third  nerve  as  the  constricior  nerve  of  ihc 
pupil.  Zinn  contributed  considerably  lo  our  knowledge  of  the  structure  of  the  eye.  Ruybch  de- 
scribed muscular  fibres  in  the  iris,  and  Monro  described  the  sphincter  of  the  pupil  ( 1794).  Jacob 
described  the  baciHary  layer  of  the  retina— Seem mering  (1791)  the  yellow  spot.  Brewster  and 
Chossal  (1819)  tested  the  refractive  indicesof  the  o{>ticaI  media.  Furkinje  (1819)  studied  subjective 
vision. 


HEARING. 


406.  STRUCTURE  OF  THE  ORGAN  OF  HEARING  —Stimu- 
lation of  the  Auditory  Nerve. —  The  normal  manner  in  which  the  auditory 
nerve  is  excited  by  means  of  sonorous  vibrations,  which  set  in  molioD  the  end 
organs  of  the  acoustic  nerve,  which  lie  in  the  endolymph  of  the  labyrinth  of  the 
inner  ear,  on  membranous  expansions  of  the  cochlea  and  semicircular  canali. 
Hence  the  sonorous  vibrations  are  first  transmitted  to  the  fiuid  in  the  Ubyrintb, 
and  this,  in  turDf  is  thrown  into  waves,  which  set  the  end  organs  into  vibratioo. 
Thus  the  excitement  of  the  auditory  nerves  is  brought  about  by  the  methaniial 
stimulation  of  the  wave  motion  of  the  lymph  of  the  iah\nnth\ 

The  fluid  or  lymph  of  the  labyrinth  is  surrounded  by  the  exceedingly  hard  one- 
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Scheme  of  the  organ  of  hearing.  A  G,  eiiema)  auditory  incatu* .-  T,  lym[>anic  mefflbrmnc  ;  K,  malleui  vUt)  te  lM»d 
(4),  short  proce»  (4/).  »i(l  handle  Im)  ;  m,  incus  wlih  iu  f  hort  procev  L> )  sntl  lonf  proceM— the  Uiler  U  inl»4 
to  Ute  aupe*  {j)  by  oieam  (4  the  Svlvtnn  osttcle  (a) :  P.  mklilTe  B.-ir :  <t.  ictteUra  ovil» ;  r.  fcnciLrk  roluad«:  .t, 
btgUining  of  the  uunlru  sptnUi«  ot  (he  cochlea  :  pt,  '\%s  icaia  i)|inpani.  «nd  r-/.  it*  »c»la  vcsitt>>jh  :  V,  vctclhule . 
S,  ftkccule  ;  U,  utricle;  H.  «rtnicircuUr  CMiutla,  T  E;  EuiUchian  rube.  The  tuog  arrow  (ndtcaica  the  hacoJ' 
tnction  of  the  tetuor  ^mpani ;  ihe  thort  curwil  on«,  thai  of  the  tupecliiia. 


ous  mass  of  the  temporal  bone  (Fig.  5 10).  Only  at  one  small  roundish  and  slightly 
triangular  point  (r),  the  fenestra  rotunda,  the  fluid  is  bounded  by  a  delicate 
yieSdmg  membrane,  which  is  in  contact  with  the  air  in  the  middle  ear  or  tyropannm 
(P>  Not  far  from  the  fenestra  rotunda  is  the  fenestra  ovalis  (<?),  in  which  she 
base  of  the  stapes  (i)  is  fixed  by  means  of  a  yielding  membranous  ring.  The  outer 
surface  of  this,  also,  is  in  contact  with  the  air  in  the  middle  car.  As  the  perilymph 
of  the  inner  ear  is  in  contact  at  these  two  places  with  a  yielding  boundary-,  it  ii 
clear  that  the  lymph  itself  may  exhibit  oscillatory  movements,  as  it  mu^t  follow 
the  movements  of  the  yielding  boundaries. 
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The  sonorous  vibrations  may  set  the  perilymph  in  vibration  in  M/v^  different 
ways : — 

I.  Conduction  through  the  Bones  of  the  Head. — This  occurs  especially 
only  when  the  vibrating  solid  body  is  applied  directly  to  some  part  of  the  head, 
e.g'.,  a  tuning-fork  placed  on  the  head,  the  sound  being  propagated  most  intensely 
in  the  direction  of  the  prolongation  of  the  handle  of  the  instrument — also  when 
the  sound  is  conducted  to  the  head  by  means  of  fluid,  as  when  the  head  is 
ducked  under  water.  Vibrations  of  the  air,  however,  are  practically  not  transferred 
directly  to  the  bones  of  the  head^  as  is  shown  by  the  fact  that  we  are  deaf  when 
the  ears  are  stopped. 

The  soft  parts  of  ihe  head  which  lie  immediately  upon  bone  conduct  sound  best,  and  of  the  pro- 
jecHng  pan  the  best  conductor  is  the  cartilaginous  portion  of  Ihe  external  ear.  Hut  even  under  the 
most  favorable  circumstance,  conduction  through  the  tx>nes  of  the  head  is  far  less  cfTcClive  than  the 
condaction  of  the  sound  waves  through  the  external  auditory  meatus.  Ha  tuning-fork  be  made  to 
vibrate  between  the  teeth  until  we  no  longer  hear  it,  its  tones  may  still  be  heard  on  bHnging  tt  near 
the  ear  {Aimm).  The  conduction  through  the  bones  is  favored  when  the  oscillations  are  not  trans* 
ferred  from  the  bones  to  the  tym(xinic  membrane,  and  ore  thus  transferred  to  the  air  in  the  outer  ear. 
Hence,  we  hear  the  sound  of  the  tuning-fork  applied  lo  the  head  better  when  the  ears  arc  stopped, 
as  this  prevents  the  propagation  of  the  sound  waves  through  the  air  in  the  outer  ear.  If,  in  a  Urti/ 
person,  the  conduction  is  still  normal  through  the  cranial  bones,  then  the  cause  of  the  deafness  is 
not  in  the  nervous  part  of  the  ear.  but  in  the  external  sound -conducting  part  of  the  apparatus. 

a.  Normal  hearing  takes  place  through  the  external  auditory  meatus. 
The  enormous  vibrations  of  the  air  first  set  the  tympanic  membrane  in  vibration 
(Fig.  510,  T) ;  this  moves  the  malleus  {A),  whose  long  process  is  inserted  into  it ; 
the  malleus  moves  the  incus  (a),  and  this  the  stapes  {s)y  which  transfers  the  move- 
ments of  its  plate  to  the  perilymph  of  the  labyrinth. 

3.  Direct  Conduction  to  the  Fenestra. — In  man,  in  consequence  of  occasional  disease  of  the 
middle  ear,  whereby  the  tympanic  membrane  and  auditory  ossicles  may  be  destroyed,  the  auditory 
apparatus  may  be  excited,  although  only  in  a  very  feeble  manner,  by  the  vibrations  of  the  air  being 
directly  transferred  tu  the  membrane  of  the  fenestra  rotunda  (r),  and  the  parts  closing  the  fenestra 
ovalis  (0).v  The  membrane  of  the  fenestra  rotunda  may  vibrate  alone,  even  when  the  oval  window 
is  rigidly  closed  (  iVeftef-Liel). 

407.  PHYSICAL  INTRODUCTION.— Sound.^Sound  is  produced  by  the  vibration  of 
elastic  bodies  capable  of  vibration.  Alternate  condenaatioa  and  rarefaction  of  the  sorrounding 
air  are  thus  produced ;  or,  in  other  words,  sound  waves  in  which  the  particles  vibrate  lutigitudinally 
or  in  the  direction  of  the  propagation  of  the  sound  are  excited.  Around  the  point  of  origin  of  the 
sound  these  condensations  and  rarefactions  occur  in  equal  concentric  circles,  which  conduct  the  sound 
vibrations  to  our  outer  ear.  The  vibrations  of  the  sounding  body  are  so  called  "  stationary  vibra 
tions"  {£,  H.  and  W.  Wtber),  if.,  all  the  particles  of  the  vibrating  body  are  always  in  the  same 
phase  of  movement,  in  that  they  pass  into  movement  simultaneousJy,  they  reach  the  maximum  of 
movement  simultaneously,  r.^.,  in  the  particles  of  a  sounding  vibrating  metal  rod.  Sound  is  pro- 
duced by  the  stationary  vibnitioru  of  elastic  bodies ;  it  m  propagated  by  progressive  wave  motion 
of  clastic  media,  generally  the  air.  The  wave  length  of  a  tone,  t.e.,  the  distance  of  one  maximum 
of  condensation  to  the  next  one  in  the  air,  is  proportional  lo  the  duration  of  tlie  vibration  of  the 
body,  whose  vibruions  produce  the  sound  waves. 

If  X  is  the  wave  length  of  a  lone,  /  in  seconds  the  duration  of  a  vibration  of  the  body  producing 
the  wave,  then  7.  =  ni,  where  m  ^=  340.88  metres,  which  is  the  rate  per  second  of  propagation  of 
sound  waves  in  the  air.  The  rapidity  of  the  transmission  of  sound  waves  in  water  =  1435  metres  per 
second,  f>.,  nearly  four  times  as  rapid  as  in  air ;  while  in  solids  capable  of  vibration  it  is  propagated 
from  seven  to  eighteen  times  faster  than  in  the  air.  Sound  waves  are  conducted  best  through  the 
same  medium  ;  when  they  have  to  pass  thruugh  several  media  they  are  always  weakened. 

Reflection  of  the  sound  waves  occurs  when  they  impinge  upon  a  solid  obstacle,  in  which  case 
the  angle  of  reflection  is  always  equal  to  the  angle  of  incidence. 

Wave  Movements. — Wc  distinguish—!.  Progressive  wave  movements  which  occur  in  two 
forms — ( i)  As  /ongitudiM^il waV€S  {^Ch/aUni),  in  which  the  individual  particles  of  the  vibrating  body 
vibrate  around  their  centre  of  gravity  in  the  direction  of  the  propagation  of  the  wave  -,  examples  are 
the  waves  in  water  and  air.  This  movement  causes  an  accumulation  of  the  particles  at  certain  places, 
/^.,  on  the  crests  of  the  waves  in  water  waves,  while  at  other  places  they  are  diminished.  This 
kind  of  wave  is  called  a  wave  of  condensation  and  rarefaction,  (a)  If,  however,  each  particle 
in  the  progressive  wave  moves  virtually  up  and  down,  i.^.,  transversely  to  the  direction  of  the  pro- 
pogation  of  the  wave,  then  we  have  the  simple  trunsvtrst  waves  \Chiadni),  or  progressive  waves, in 
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wbjch  there  is  do  condenution  or  rarefftciion  in  the  direction  of  prapsf^ation,  bs  each  pwiicle  U 
merely  displaced  lattrally.     An  cxjimple  of  this  is  \)\c  pro»rfuive  wovri  in  a  r&f^. 

II.  Stationary  Flexion  Waves. — When  all  the  panicles  of  an  elaitic  vibrmtine  body  90  oidl- 
late  that  all  of  them  are  always  in  the  imtne  phase  of  movement  as  (he  limtt  of  a  vibrating  tuhing- 
fork  or  a  plucked  string,  then  this  kind  of  movement  is  described  as  stationary  flexion  waves.  As 
bodies,  whose  expansion  in  the  direction  of  oscillation  is  very  slight,  vibrate  to  and  fro  in  die  autioo* 
ary  flexion  wave,  so  we  see  that  the  small  pans  of  the  auditory  apparatus  (lym|tanic  membrane,  ua* 
sides,  lymph  of  the  labyrinth)  oscillate  in  stationary  flexion  waves. 

408.  EAR  MUSCLES— EXTERNAL  AUDITORY  MEATUS.— Extenul  Bar.— 
When  the  external  ear  is  absent,  little  or  no  impairment  of  the  hearing  is  observed  ;  hence,  the 
phyuological  funaiot)s  of  these  organs  are  but  slight.  Boerhaave  thought  that  the  elevations  and 
depressions  of  the  outer  ear  might  oc  connected  with  the  reflection  of  the  snund  waves.  Numefoua 
sound  waves,  however,  must  U:  again  reflected  outward;  and  those  waves  which  reach  the  deep 
pan  of  the  concha  are  said  to  be  reflected  toward  the  tragus,  to  be  refleaed  by  it  into  the  extend 
auditory  meatus.  According  to  Schneider,  when  the  depressions  in  the  ear  arc  61lcd  up  with  waa, 
hearing  is  impaired.  Mach  points  out  that  the  dimensions  of  the  external  ear  are  proportionally  too 
small  to  act  as  reflecting  organs  for  the  wave  lengths  of  noises. 

MuaclcB  of  the  External  Ear. — (,1)  The  whole  ear  is  moved  by  the  retrmhenter,  atirmhens, 

and  attollens.  (a)  Thtform  of  the  car  may  be  altered 
by  the  tragicus,  antitragicna,  helicis  major  and  minor 
inUmaliy  ;  and  by  the  transrenus  and  obliquus  aoricuiK 
externally.  Persons  who  can  move  their  can  do  Mt 
find  that  the  hearing  is  influenced  during  the  movemenL 
The  Mm.  helicis  major  and  minor  are  regarded  ai  ele< 
vators  of  the  helix,  the  transvcrsus  and  obliquus  auric- 
ulse  as  dilators  of  the  concha ;  the  tragicus  aod  •nti' 
tm^cus  as  constrictors  of  the  meatus.  In  animals  the 
external  ear  and  the  action  of  its  muKlcs  have  a  marked 
effect  upon  hearing.  The  muscle^  point  the  ear  in  the 
direction  of  the  sound,  while  other  muscles  contrma  or 
dilate  the  space  within  the  external  ear.  In  many  div* 
in)*  animals  the  meatus  can  be  closed  by  a  kind  of 
valve. 

^  The  external  meatus  is  3  to  3.25001. 

long  [i^  to  \%  inch],  S  to  9  mm.  high,  uid 
6  to  8  mm.  broad  at  its  outer  opening  rFig. 
51X').  It  is  the  conductor  of  thesound  wjvci 
to  the  tympanic  membrane,  so  (hat  almost  &U 
the  sound  waves  first  impinge  upon  its  wall, 
and  are  then  reflected  toward  the  tympanic 
membrane.  To  see  well  down  into  the 
meatus,  we  must  pull  the  auricle  upward  and 
backward.  Occlusion  of  the  meatus,  espe- 
cially by  a  plug  of  inspissated  wax  (§  287),  of  course  interferes  with  the  heartng 
[and  when  it  presses  on  the  membrana  tympani  may  give  rise  to  severe  i-ertigoj 

409.  TYMPANIC   MEMBRANE.— The  tympanic  membrane  (Fig. 

513)1  which  IS  tolerably  laxly  fixed  in  a  special  osseous  cleft,  with  a  chickened 
margin,  is  an  elastic,  unyielding,  and  almost  non-extensible  membrane,  of  about 
0.1  mm.  in  thickness,  and  with  a  sui>erficia1  area  of  50  square  millimetres.  It  is 
elliptical  in  form,  its  greatest  diameter  being  9.5  to  10  mm.,  and  its  lesser  8  mm., 
and  it  is  fixed  in  the  floor  of  the  external  meatus  obliquely,  at  an  angle  of  40°, 
being  directed  from  above  and  outward,  downward  and  inward.  Both  tympanic 
membranes  converge  anteriorly,  so  that  if  both  were  prolonged  they  would  meet 
to  form  an  angle  of  130°  to  I3S'*<  The  oblique  position  enables  a  larger  surface 
to  be  presented  than  would  be  obtained  if  it  were  stretched  vertically,  so  that 
more  sound  waves  can  fall  vertically  upon  it.  The  membrane  is  not  stretched 
flat,  but  a  little  under  its  centre  (umbilicus)  it  is  drawn  slightly  inward  by  the 
handle  of  the  malleus,  which  is  attached  to  it ;  while  the  short  process  of  the 
malleus  slightly  bulges  out  the  membrane  near  its  upper  margin  (Figs.  510  and 
S«8). 


W 


{ 


Tb*  «xlenial  auditory  nmiut  ^nd  th«  tympanic 
aivity.  M,  ou«ou«  tpaces  in  the  tcmponU 
bona:  P.:,  c«nibcinoiu  pan  of  ihc  mntui  : 
L.  ncmbninuuit  union  bctweon  both.  F,  ar- 
ticulu*  lurfaci  for  the  coodyU  of  the  lowtr 
Jaw  (after  Urhanuchitich). 
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Structure. — The  tympanic  membraDe  consists  of  three  layers:  (i)  The  membrana  propria  is 
a  ftbroas  membntnc  with  radial  fibres  on  its  outer  surface,  and  circularly  arranged  librei  on  its 
inner  aspect,  (a)  The  surrace  directed  toward  the  meatus  is  covered  with  a  thin  and  KmJ-trans* 
parent  part  of  the  cutis.  {3)  The  side  toward  the  tympanum  is  covered  with  a  delicate  mucous 
membrane,  with  simple  squamous  epithelium.  Numerous  nerves  and  lymph  vessels  as  well  as 
inner  and  outer  blood  vessels  occur  in  the  membrane. 

[The  middle  layer,  or  substantia  propria,  is  fixed  to  a  ring  of  bone,  which  is 
dencient  above.  It  is  filled  up  by  a  layer  composed  of  the  mucous  and  cutaneous 
layers  called  the  membrana  fine cida^  or  Shrapnell's  membrane.] 

[Examination. — When  examining  the  outer  ear  and  membrana  lympaai  pull  the  auricle  upward 
and  backward.  The  membrana  tympani  is  examined  by  means  of  an  ear  speculum  (Fig.  51SJ. 
The  speculum  is  placed  in  the  ear.  and  light  tt  reflected  into  it  by  means  of  a  concave  mirror,  per- 
forated in  the  centre,  and  having  a  focal  distance  of  four  or  five  inches.  It  is  convenient  to  have 
the  mirror  tixcd  to  a  liand  placed  round  the  head,  as  in  the  case  of  the  laryngoscopic  reficctor  {Fig. 
327).  Il  is  important  to  remember  that  the  membrane  is  placed  oblii|Ucly,  »o  that  the  posterior  and 
upper  parts  are  nearer  the  surface.    The  membrane  in  health  is  grayish  in  color  and  transparent, 


Fig.  513. 


Fig.  SI3. 


IF 


Ftcsia. — Tympanic  membrane  wiih  ihe  auditory  ossicles  (Idt)  wen  from  wiihin.  Cj,  imjiu;  Cm  nulleiu;  C<4, 
chorda  tympaol .  7',  pmich-like  dcpre*Mian  rafter  Urbanttctillsch).  Kii^  jij — Tympujiic  aicjnlir.tHe  and  the 
auditory  ouiclcs  (Icftj  ac«n  froo  within,  t.t.,  from  the  tyRii)anic  cavity.  M,  manubrium  or  handle  nf  the  in.kl' 
Uitt;  1 ,  iiucrtiuti  uf  the  tetisiir  tymu^tui :  A,  head:  /F,  ft^n^  l>rt)ccs»  ul  the  tnalletu  ;  u,  iiicui,  v«ith  the  thort  t  K) 
and  the  loot  [/)  pn^ceu  :  S,  pUle  at  the  stapes ,  Ax,  jLt,  i»  the  coiamoD  axis  of  n>iation  of  the  auditory  OMJcto ; 
S,  th<  piniun-wtice)  mrniigeiuent  between  the  mallciu  and  incui.  Cia.  514, — Tympajilc  tncmbntiic  of  a  naw. 
bom  child  M«a  frum  without,  with  the  handle  of  the  maUcu*  visibk  on  it.  A/,  tympanic  riii|[  with  iu  anterior 
{v)  and  postcjrior  (A)  end*. 


SO  that  the  handle  of  the  ma)leu!t  is  seen  running  from  above  downward  and  backward,  while  at  the 
anterior  and  inferior  part  tKere  is  a  cone  of  light,  witb  its  apex  directed  inward.] 

Function.— The  tympanic  membrane  catches  up  the  sound  waves  which  i>ene- 
trale  into  the  external  meatus,  and  is  set  into  vibration  by  them,  the  vibrations 
corresponding  in  number  and  amplitude  to  the  vibrating  movements  of  the  air. 
Politzer  connected  the  auditory  ossicles  fixed  to  the  tympanic  membrane  of  a  duck 
with  a  recording  apparatus,  and  could  thus  register  the  vibrations  produced  by 
sounding  any  particular  tone.  Owing  to  its  small  dimensions,  the  tympanic  mem- 
brane can  vibrate  t'n  toto  to  and  fro  in  the  direction  of  the  sound  waves  corre- 
sponding to  the  condensations  and  rarefactions  of  the  vibrating  air,  and  therefore 
executes  transverse  vibrationst  for  which  it  is  specially  adapted,  owing  to  the  rela- 
tively slight  resistance. 

Fundamental  Note. — Stretched  strings  and  membranes  are  generally  only 
thrown  into  actual  and  considerable  sympathetic  vibration  when  they  are  aflected 
52 
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by  tones  which  correspond  with  their  own  fundamental  tone,  or  whose  nuinberof 
vibrations  is  some  multiple  of  the  number  of  vibrations  of  the  same,  as  the  octaw. 
When  other  tones  act  on  them,  they  exhibit  only  inconsiderable  sympathetic 
vibration.  If  a  membrane  be  stretched  over  a  funnel  or  cylinder,  and  if  a  nodule 
of  sealing  wax  attached  to  a  silk  thread  be  made  just  to  touch  the  centre  of  the 
membrane,  then  the  sealing  wax  remains  nearly  at  rest  when  tones  or  sounds  arc 
made  in  the  neighborhood;  as  soon,  however,  as  the  fundamental  or  proper  tone 
of  this  arrangement  is  sounded,  the  nodule  is  propelled  by  the  strong  vibratwni 
of  the  membrane. 

If  we  apply  this  to  the  tympanic  membrane,  thea  it  also  should  exhibit  very 
great  vibrations  when  its  own  fundamental  note  is  sounded,  but  only  slight  vibra- 
tions when  other  tones  are  produced.  This,  however,  would  produce  great  ine- 
quality in  the  audible  sounds.  There  is  an  arrangement  of  the  membrane  whereby 
this  is  prevented.  ( r )  Great  resistance  is  offered  to  the  vibrations  of  the  tympanic 
membrane,  owing  to  its  union  with  the  auditory  ossicles.  These  act  as  a  damping 
apparatus,  which  provides,  as  in  damped  membranes  generally,  that  the  tymjtanic 
membrane  shall  not  exhibit  excessive  sympathetic  vibrations  for  its  own  funda- 
mental note.     But  the  damping  also  makes  the  sympathetic  vibrations  less  for  all 


Fig.  515. 


Fio.  516. 


Ficsr; 


O 


P>r, 


Fic.  S)^  — £1^  >p«ciiU  of  ▼mrioin  titcs.     Fic.  ;i0.—ToyTi bee's  nmficial  mcmbnuu  tympanl      fit,    sij 
tory  OHtctoVij^lit)-     Cm. head;   C.ncck:    /*jr,  tnort  procck»:    /V/.  lone  proocM :    4/,  lundlc  ut  1 
Ci,  body  :    G,  nnicuUr  lurikce ;   A,  cbori,  and  v,  long  procvu  of  the  Idcui  ;    O.S.,  •o-callcd  tenUodar 
Cj.,  bead ;  m,  anterior,  and/,  posterior  limb :  /*,  plate  of  the  itapca. 

the  Other  tones.  In  this  way,  a// vibrations  of  the  tympanic  membrane  are  modi* 
fied ;  esj)ecially,  however,  is  the  excessive  vibration  diminished  during  the  sounding 
of  its  fundamental  tone.  The  membrane  is  at  the  same  lime  rendered  morecapablt 
of  responding  to  the  vibrations  of  different  wave  lengths.  The  damping  also 
prevents  after  vibrations,  (a)  Corresponding  to  the  small  mass  of  the  tympanic 
membrane,  its  sympathetic  vibrations  must  also  be  small.  NcverthelcK,  ihcie 
slight  elongations  are  quite  sufficient  to  convey  the  sonorous  movements  to  the 
most  delicate  end  organs  of  the  auditory  nerve ;  in  fact,  there  are  arrangcmenO 
in  the  tympanum  which  still  further  diminish  the  vibrations  of  the  tympuic 
membrane. 

As  V.  IlelinhoUz  bu  shown,  the  strong  sympathetic  vibrations  of  the  tympanic  Dcrobnuw  wnvA 

compltftely  set  a.Mde  by  this  damping  arrnngement.  The  painful  sensations  pradticcd  by  woiclaMl 
are,  perhaps,  due  to  the  sympathetic  vibration  of  the  membnina  tympani.  Accunling  lo  KlMcL 
certain  parts  of  the  membrane  vibrate  to  certain  tones. 

Patholofpcal. — Thickenings  or  inctjualilics  of  the  tympanic  membrai>e  interfere  wrth  (be  ««»• 
ness  of  hearing,  owing  to  the  diminished  capacity  for  vibration  therein^  produced.  Holes  ia  aaa 
loss  of  its  suttAtance  act  similarly.  In  extensive  destruction,  an  artificial  lymponam  is  pbuvd  in  d< 
CKternal  meatus*  and  its  vibrations,  to  a  certain  extent,  replace  those  of  the  lost  membnac  (  7^- 
bit).     [Fig.  516  shows  an  vtificial  tympanic  membrane.] 
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410.  THE  AUDITORY  OSSICLES  AND  THEIR  MUSCLES. 
— Function. — The  auditory  ossicles  have  a  double  function — ;i)  By  means  of 
the  "chain  "  which  they  form,  they  transfer  the  vibrations  of  the  tympanic  mem- 
brane to  the  perilymph  of  the  labyrinth.  (2)  They  also  afford  points  of  attach- 
ment for  the  muscles  of  the  middle  car,  which  can  alter  the  tension  of  the  tnem- 
brana  lympani  and  the  pressure  on  the  tympli  of  the  labyrinth. 

Mechanism. — The /f>rm  and  position  of  the  ossicles  are  given  in  Figures  517 
and  518.  They  form  a  jointed  chain  which  connects  the  tympanic  membrane,  M^ 
by  means  of  the  malleus,  A,  incus,  rt,  and  stapes,  5,  with  the  perilymph  of  the 
labyrinth.  The  mode  of  movement  of  the  ossicles  is  of  sjiecial  importance. 
The  handle  of  the  malleus  (Fig.  518,  n)  is  firmly  united  to  the  fibres  of  the  tym- 
panic membrane.  Besides  this,  the  malleus  is  fixed  by  ligaments  which  prescribe 
the  direction  of  its  movements.  Two  ligaments — the  lig.  mallei  anticum  (passing 
from  the  processus  Folianus),  and  the  posticum  (from  a  small  crest  on  the  neck} — 


A.6. 


T)nDpaauiB  and  auditory  ouiclei  (left)  mBKoified.  A.G,  external  meatus  :  M.nieinbnna  tynpanl,  which  la  aiuched 
10  the  handle  of  the  niallcu».  «,  and  DCAr  <l  the  i>hiirt  proccM,/  :  k.  hrad  or  the  diaIkiu  :  a,  lociu.  k,  ii»  ihorl 
proceu  with  its  ligament ;  /,  long  proces* ;  »  Sjrl>nan  oisicle :  S.  4iape« ;  Ax,  Ax,  ii  the  aais  of  rotation  ol  the 
nutria  a,  it  la  »hown  in  per»)>cclivc.  and  mtut  uc  uruuineil  tn  penetrate  the  plane  of  the  jwper :  t,  line  of  mclion 
of  the  utiaor  tympaal.    The  other  arrows  indicate  the  movetiKni  of  the  ossicles  when  i 


X 


tttuor  contracts. 


together  form  a  common  axial  band  (f.  ffeimhoits),  which  acts  in  the  direction 
from  behind  forward,/.^.,  parallel  to  the  surface  of  the  tympanic  membrane. 
The  neck  of  the  malleus  lies  between  the  insertions  of  both  ligaments.  The  united 
ligament  determines  the  "  axis  of  rotation  "  of  the  movement  of  the  malleus. 

When  the  handle  of  the  malleus  is  drawn  inward^  of  course  its  head  moves  in 
the  opposite  direction,  or  outward.  The  incus,  a,  is  only  partially  fixed  by  a 
ligament,  which  attaches  its  short  process  to  the  wall  of  the  tympanic  cavity,  in 
front  of  the  entrance  to  the  mastoid  cells,  k.  The  not  very  tense  articulation 
joining  it  to  the  head  of  the  malleus,  A,  which  lies  with  its  saddle-shaped  articular 
surface  in  the  hollow  of  the  incus,  is  important.  The  lower  margin  of  the  incus 
(Fig.  517,  S)  acts  like  a  tooth  of  a  cog-wheel.  Thus,  when  the  handle  of  the 
malleus  moves  inward  to  the  tympanic  cavity,  the  incus,  and  its  long  process,  d, 
which  is  liarallel  to  the  handle  of  the  malleus,  also  pass  inward.  The  incus  forms 
almost  a  right  angle  with  the  stapes,  S,  through  the  intervention  of  the  Sylvian 
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ossicle,  s.  If,  however,  as  by  condensation  of  the  air  in  the  tympanum,  the 
membrana  (ympani  and  the  handle  of  the  malleus  move  oufurard^  the  long  pro- 
cess of  the  incus  does  not  make  a  similar  movement,  as  the  malleiis  moves  away 
from  this  margin  of  the  incus.  Hence  the  stapes  is  not  liable  to  be  torn  from  iu 
socket.  The  malleus  and  incus  form  an  angular  lever,  which  moves  round  a 
common  axis  (Fig.  513  and  Fig.  51S,  Aj.-,  \x).  In  x\\c  inwarti  movement  the 
malleus  follows  the  incus,  as  if  both  formed  one  piece.  The  eommfftt  axis  (Fig. 
513}  is  not,  however,  the  axial  ligament  of  the  malleus,  but  it  is  formed  antfritrri^ 
by  the  processus  Folianus,  /7^  directed  forward,  and  />osten'(ttiyhy  the  shon  pro- 
cess of  the  incus  directed  backward.  The  rotation  of  both  ossicles  around  ihi« 
axis  occun*  in  a  plane  vertical  to  the  plane  of  the  membrana  lympani.  During 
the  rotation,  of  course  the  jtarts  above  this  axis  (head  of  the  malleus  and  upper 
part  of  the  body  of  the  incus)  lake  a  direction  op[>osite  to  the  parts  lying  below 
il  (the  handle  of  the  malleus  and  the  long  process  of  the  incus)*  as  is  indicated 
in  Fig.  518  by  the  direction  of  the  arrows.  The  movement  of  the  handle  of  the 
malleus  must  follow  that  of  the  membrana  tymj^ani,  and  vice  versd,  while  the 
movement  of  the  stapes  is  connected  with  the  movement  of  the  long  procoiof 
the  incus.  As  the  long  process  of  the  incus  is  only  two-thirds  of  iho  length  of 
the  handle  of  the  malleus  (Figs.  510,  513,  5*8),  of  course  the  excursion  of  the 
tip  of  the  former,  and  with  it  of  the  stapes,  must  be  correspondingly  less  than  the 
movement  of  the  tip  of  the  handle  of  the  malleiLs ;  while,  on  the  other  hand,  the 
force  of  the  movement  of  the  tip  of  the  handle  of  the  malleus,  correspooding  to 
the  diminurion  of  the  excursion,  will  be  increased. 

Mode  of  Vibration. — Thus,  the  movement  of  the  membrana  tympani  inward 
cauie^  a  less  extensive  but  a  mare  pmverful  movement  of  the  foot  of  the  stapc* 
against  the  iierilymph  of  the  labyrinth.  V.  Helmholtz  and  Polit/.cr  calculated 
the  extent  of  the  movement  to  be  0.07  mm.  The  tiuxle  in  which  the  vibrations 
of  the  membrana  tympani  are  conveyed  to  the  lymph  of  the  labyrinth.  thn>u)(ti 
the  chain  of  ossilIcs,  is  quite  analogous  to  the  mechanism  of  lhe'*e  parts  alrc^v 
described.  Long  delicate  glass  threads  have  been  fixed  to  these  ossicles,  and  their 
movements  were  thus  graphically  recorded  on  a  smoked  surface  {P^/itter^  Hen- 
sen).  Or  strongly  refractive  particles  are  fixed  to  the  ossicles,  while  the  beam  of 
light  reflected  from  them  can  be  examined  by  means  of  a  microscope  {Byekt  v- 
Helmhoitz,  Mach  and  Kesse/).  All  the  exjjeriments  showed  that  the  transference 
of  the  sound  waves  is  accomplished  by  mcaus  of  the  mechanism  of  the  angular 
lever,  composed  of  the  auditory  ossicles  already  described.  As  the  vibratioaf 
of  the  membrana  tympani  are  conveyed  to  the  handle  of  the  malleus,  they  arc 
weakened  to  about  one-fourth  of  their  original  strength  {^Po/itzer,  Bu<k).  [The 
membrana  tympani  is  many  times  (30)  larger  than  the  fenestra  ovalis^  and  th? 
relation  in  size  might  be  represented  by  a  funnel.  The  arm  of  the  malle&l  cod 
of  the  lever  where  the  power  acts  is  9^^  mm.  long,  while  the  short  or  stapedial 
arm  is  dy^  mm.,  so  that  the  latter  moves  less  than  the  former,  but  what  is  lost  is 
extent  is  gained  in  force.] 

[Methods.— PulitieratUcIied  small,  very  lighi  lever*  to  endi  of  ihe  ossicles,  and  iiwcritird  tbifc 
movements  on  a  revolving  cylinder.  An  organ  pipe  was  sounded,  nnd  when  the  levers  were  of  ll* 
same  length,  the  malleui  made  the  grealcst  excursion  and  ihc  Mapcs  the  least.  Uuck  atUiched  iCll«k 
(Trains  to  the  ossicles,  illuminated  them,  and  ohfteried  the  mnvemenls  of  the  lefrkctive  MMCk 
granules  by  means  of  a  microscope  provided  with  a  micrometer.] 

[The  ossicles  move  enmasse^  and  not  in  the  way  of  propagating  molecular 
vibrations.]  As  the  excursions  of  the  ossicles  during  sonorous  vibrations  are,  how- 
ever, only  nominal,  there  is  practically  no  change  in  the  position  of  the  joints 
with  each  vibration.  The  latter  will  only  occur  when  extensive  movements  Ukc 
place  by  means  of  the  muscles. 

The  muscles  of  the  auditory  ossicles  alter  the  position  and  tension  of  tW 
membrana  tympani,  as  welt  as  the  pressure  of  the  lymph  of  the  labyrinth.     The 
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fensor  tympanic  which  lies  in  an  osseous  groove  Fig,  519. 

above  the  Eustachian  tube,  has  its  tendon  deflected 
round  an  osseous  projection  [j)rocessus  cochleari- 
formis],  which  lies  external  to  it,  almost  at  right 
angles  to  the  groove  above  it,  and  is  inserted  im- 
mediately above  the  axes  of  the  malleus  (Fig.  519, 
M).  When  the  muscle  contracts  in  the  direction 
of  the  arrow,  /  ( Fig.  5 1 S),  then  the  handle  of  the 
malleus  (n)  pulls  the  membrana  t>'mpani  (M)  in- 
ward and  tightens  it.  This  also  causes  a  move- 
ment of  the  incus  and  stapes  (S)  which  must  be 
pressed  more  deeply  into  the  fenestra  ovalis,  as  al- 
ready described.  When  the  muscle  relaxes,  then, 
owing  to  the  f^AV/Vyof  the  rotated  axial  ligament  Ter«.rtyn.p«ni-ih.Eu.uchi.nu.b*o.ft). 
and  the  tense  membrana  tympani  itself,  the  posi- 
tion of  e^juilibrium  is  again  restored.  The  motor  nerve  of  this  muscle  arises 
from  the  trigeminus,  and  passes  through  the  o/ic  gang/ion  {\t.  628).  C.  Ludwig 
and  Politzer  observed  that  stimulation  of  the  fifth  nerve  within  the  cranium  [dog] 
caused  the  above-mentioned  movement. 

Use  of  the  Tension. — The  tension  of  the  membrana  tym[.)ani  caused  by  the 
tensor  tyrapani  has  a  double  function  {Jofi.  Mulier). — i.  The  tense  membrane 
offers  very  great  resistance  to  sympathetic  vibrations  when  the  sound  waves  are 
very  intense,  as  it  is  a  physical  fact  (Savari)  that  stretched  membranes  are  more 
difficult  to  throw  into  sympathetic  vibration  the  tenser  they  are.  Thus,  the  tension 
so  far  protects  the  auditory  organ,  as  it  prevents  too  intense  vibrations  applied  to 
the  membrana  tympani  from  reaching  the  terminations  of  the  nerves.  2.  The  tension 
of  the  membrana  tympani  must  vary  according  to  the  degree  of  contraction  of  the 
tensor.  Hereby  the  membrana  for  the  time  being  has  a  different  fundamental 
tone,  and  is  thus  capable  of  vibrating  to  the  correspondingly  higher  tone,  it,  as  it 
were,  being  in  a  certain  sense  accommodated. 

Comparison  with  Iris. — The  mrmhrana  tympani  has  been  oompAred  with  ihe  irii.  Both  mcm- 
bruics  prevent  by  contraction — narrowing  of  llic  pupit  and  tension  of  the  membrana  tympani — the 
too  intense  action  of  the  s|>pcinc  stimulus  from  cau'-ing  too  great  stimulation,  and  both  adapt  the 
wtnsxiTf  .ippanttus  for  the  nctlMninf  mnderaie  or  ueak  stimuli.  This  movement  in  both  membranes 
is  broi^jht  at>oul  reflexh  in  the  ear  through  the  N.  acusticiu,  which  causes  a  reflex  stimulation  of 
the  rootur  fibres  for  the  tensor  iym|3ani. 

Effect  of  Tension.— That  increased  tension  of  the  membrana  tympani  renders  it  less 
sensitive  to  sound  waves  i>  easily  proved,  thus :  Close  the  mouth  and  nuie,  and  make  either  a 
forced  expiration,  so  that  the  air  U  forced  into  the  Eustachian  tube,  which  bulges  out  [he 
membrana  tympani,  or  inspire  forcibly,  whereby  the  air  in  the  tympanum  is  diminished,  so 
that  the  meinbraua  bulges  inward.  In  both  Cases  bearini;  ia  interfered  with  as  lung  as  the 
increased  tension  lasts.  If  a  funnel  with  a  smnll  lateral  upcnin)^,  and  whose  wide  end  is 
covered  by  a  membrane,  be  placed  in  the  external  meatun,  htariug  becomes  less  distinct  when 
the  membrane  is  stretched  (  /fA.  Afii/ier). 

Normally,  the  tensor  tympani  is  excited  reflexly.  The  muscle  is  not  directly  and  by  itself  subject 
to  the  control  of  the  will.  According  to  L.  Kick,  the  following  phenomenon  is  due  to  an  **as>oci- 
ated  movement "  uf  the  tcnior :  When  he  pressed  his  jaw-i  firmly  against  each  other  be  heard  in 
his  ear  a  piping,  singing  lone,  while  a  capillary  tube,  which  was  Hxed  air  liyht  into  the  meatus,  hnd 
a  drop  cf  water  which  wos  in  it  rapidly  drawn  inward.  During  this  experiment,  a  person  with 
normal  hearing  hears  all  musical  tones  as  if  they  were  louder,  while  all  the  highest  nunmtisical 
tones  are  enfeebled  \Lucai).  When  viwMt'n^,  v.  Hclmhohz  and  I'olitzer  found  that  hearing  was 
enfeebled  for  certain  tones. 

Contraction  of  the  Tensor.— Hensen  showed  that  the  contraction  of  the 
tensor  tympani  during  hearing  is  not  a  continued  contraction,  but  what  might  be 
termed  a  "  twitch.*'  A  twitch  takes  place  at  the  beginning  of  the  act  of  hearing, 
which  favors  the  perception  of  the  sound,  as  the  membrana  tympani  thus  set  m 
motion  vibrates  more  readily  to  higher  tones  than  when  it  is  at  rest.  On  expos- 
ing the  tympanum  in  cats  and  dogs,  it  was  found  that  this  contraction  or  twitch 
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occurs  only  at  the  beginning  of  the  sounds  and  that  it  soon  ceases,  although  the 

sound  may  continue. 

Action  of  the  Stapedius. — This  muscle  arises  within  Ibc 
F(G.  520.  eminentia  pyramidalis,  and  is  inserted  into  the  head  of  the 
stapes  and  Sylvian  ossicle  (Fig.  520) ;  when  it  draws  upon  the 
head  of  the  stapes,  as  indicated  in  Fig.  510,  by  the  small  curved 
arrow,  it  must  place  the  bone  obliquely,  whereby  the  i>osierior 
end  of  the  plate  of  the  stapes  is  pressed  somewhat  deeper  in- 
wani  into  the  fenestra  ovalis,  while  the  anterior  is,  as  ic  werr. 
displaced  somewhat  flu/wani.  The  stapes  is  thereby  more  fixed, 
as  the  fibrous  mass  [annular  ligament]  which  surrounds  the  fe* 
nestra  ovalis  and  ket-ps  the  stapes  in  its  place  becomes  more  tense. 

Right •upcdiiumuKte.  Thc  activity  of    this    muscle,   therefore,    prevents  too  intettse 
shocks,  which  may  be  communicated  from  the  incus  to  the  stapes. 

from  being  conveyed  to  the  perilymph  (,§  808,  5).     It  is  supplied  by  the  facial 

nerve  (§  349*  3)- 

The  stapediiu  in  many  persons  executes  an  associated  movement  when  thc  eycliJi  are  fordUy  1 
ck»ed  (J  349).  Some  persons  can  c:iusc  u  to  contract  refiexlyhy  icratching  the  tkin  in  front  of  the] 
meatus,  or  by  gently  stroking  the  outer  margin  of  thc  orbit  ( HenU). 

Other  Views. — According  to  Lucae.  when  the  stapes  is  displaced  obliquely,  its  head  forca  tb< 
long  procr«<i  or  the  jncu^  iind  also  the  membrana  tympani,  smfwarj,  10  that  it  i»  regarded  *i  ta 
antagonist  q{  ihe  tensor  tyropani.  Poliizer  oliscrvcd  that  thc  prcssurr  within  ihe  labyrinth  Wl 
when  he  stimulated  the  muKle.  According  to  Toynbee,  the  stapedius  ads  as  a  lever  and  naovts 
the  stapes  slightly  out  of  the  fenestra  ovnlis,  thus  making  it  more  free  to  move,  so  thai  ii  is  wan 
capable  of  vibrating.  Hcnie  supposes  that  the  stapedius  is  more  concerned  in  /^.r/m/than  in  siodqg 
the  stapes,  and  thai  it  cumes  into  actiou  when  there  is  danger  of  too  great  movement  dicing  coaUHS* 
nicated  to  the  st.i|>cs  from  the  incus.  L.andois  agrees  with  this  opinion,  and  compares  the  stapciiiH 
with  the  orbicularis  palpebrarum,  both  iKing  protective  muscles. 

Patholog^ical. — Immobility  of  the  auditory  ossicles,  cither  by  adhesions  or  anchyloses.  caiMi«{ 
diminished  Wbrntions,  interferes  with  hearing;  while  the  same  result  occurs  when  the  alapcs  k 
lirmly  anchylosed  into  the  fenestra  ovalis.  The  (eiidtin  of  the  tensor  tyropani  has  been  divided  ts 
cases  of  contracture  of  the  muscles.  Kor  paralysis  of  tlie  tensor,  see  p.  629,  and  for  the  ctapedm 
p.  634- 

411,  EUSTACHIANTUBE— TYMPANUM.— The  Eustachian  tube 

[4  centimetres  in  lengthy  i^-^  in.]  is  the  ventilating  tube  of  the  tympanic  cavity. 
It  keeps  Ihe  tension  of  the  air  within  the  tympanum  the  same  a%  that  within  the 
pharynx  and  outer  air  (Figs.  510,  StQ).  Only  when  the  tension  of  the  atr  i^i  ihc 
same  outside  and  inside  the  tympanum  is  the  normal  vibration  of  the  membriM 
tympani  possible.  The  tube  is  generally  closed^  as  the  surfaces  of  the  roticoiti 
membrane  lining  it  come  into  apposition.  During  swallowring,  howe^-cr.  the 
tube  is  opened,  owing  to  the  traction  of  the  fibres  of  the  tensor  veli  patalim 
[spheno-salpingo-staphylinus  sive  abductor  tubae  (r.  Tro/isch^,  sive  dilator  tubic 
{Jiiidhiger)^  inserted  into  the  roembrano-cartilaginous  part  of  the  tube  (7i?r»^t 
Po/itzfr,  Moos).  (Compare  §  139,  2.)  When  the  tube  is  closed  the  vibratiotu  of 
the  membrana  tympani  arc  transferred  in  a  more  undiminished  condition  to 
the  auditory  ossicles  than  when  it  is  open,  whereby  part  of  the  vibrating  aif  i» 
forced  through  the  tube  {Marh  ami  Kess^l).  If>  however,  the  tymjojiic  civilj-li 
closed  permanently^  the  air  within  it  becomes  so  rarefied  (§  139)  that  the  roeffl- 
brana  tympani,  owing  to  the  abnormally  low  tension,  becomes  drawn  invardt 
thus  causing  difficulty  of  hearing.  As  the  tube  is  lined  by  ciliated  epithelinn 
(p.  491),  it  carries  outward  to  the  pharynx  the  secretions  of  the  tympantnn. 

Noise  in  the  Tube. — A  sharp  hissing  noise  is  heard  in  the  tulie  during  swallowing,  whea** 
swallow  slowly  and  at  the  same  time  contract  Ihe  tensor  tympani,  due  to  the  septraiiaa  of  (^ 
adhesive  surfaces  of  iis  hntng  membrane.  Another  person  may  hear  this  noiae  by  natefaArik** 
scope  or  his  ear. 

In  Valsalva's  eiperiixient  1*3  60),  as  »oon  as  the  pressure  of  the  air  reaches  10  to  40  as.  Hc 
air  enters  the  lube.    The  sound  is  heard  lirst.and  then  wc  feel  the  increased  teiuion  nf  the  i] 
membrane,  owing  lo  thc  entrance  of  air  into  the  tympanum.      Tiuring  forced  insptratiim, 
DOse  and  mouth  arc  closed,  ait  i&  tucked  out,  while  the  tympanum  Is  uUimaiely  drawn  iawarA. 
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The  M.  levator  veil  pilatini,  as  it  pastes  under  the  base  of  tfae  openiog  of  the  tube  into  the 
pharynx,  fornis  the  Inxitor  emimnte  or  cushion  (Fig.  332,  W).  Hence,  when  this  muscle  contracts 
and  its  l)cHy  ihickens.  as  at  the  commencetncnt  of  tiie  act  of  dcglutiiion  and  during  phonation,  (he 
lower  wall  of  the  pharyngeal  opening  is  raised,  and  the  openiD)^  thereby  narrowed  (  Lucae).  The 
tontr.ttiion  of  the  tensor,  occurring  during  the  latter  part  of  the  act  of  deglutition,  dilates  the  tulic. 

Other  Views. — Aco^rdin^  to  Riidingcr.thc  tube  ib  always  open,  altliou|;h  only  by  a  very  narrow 
passage  in  the  upper  pari  of  the  canal,  while  (he  canal  Is  dilated  during  swallowing.  According  to 
Cleluid,  the  tabe  U  generally  open,  and  is  clo&ed  daring  swallowing. 

[Practical  Importance. — The  tympanic  cavity  forms  an  osseous  box,  and, 
therefore,  a  protective  organ  for  the  auditory  ossicles  and  their  muscles,  while  the 
increased  air  space,  obtained  by  its  communiralion  with  the  mastoid  cells,  i>erraits 
free  vibration  of  the  membrana  tympani.  The  six  sides  of  the  tympanum  have 
important  practical  relations.  It  is  about  half  an  inch  iu  height,  and  one  or  two 
lines  in  breadth,  /.  <■.,  from  without  inward.  Its  roof  is  separated  from  the  cavity 
of  the  brain  by  a  very  thin  piece  of  bone,  which  is  sometimes  defective,  so  that 
encephalitis  may  follow  an  abscess  of  the  middle  ear.  The  outer  wall  is  formed 
by  the  membrana  tympani,  while  on  the  inner  wall  are  the  fenestra  ovalis  and 
rotunda,  the  ridge  of  the  aqueductus  Fallopii,  the  promontory  and  the  pyramid. 

Fig.  521. 


Fir.  522. 


Fotiter'a  au  bof. 


Eosuchiui  catheter. 


The  floor  consists  of  a  thin  plate  of  bone,  which  roofs  in  the  jugular  fossa  and 
separates  it  from  the  jugular  vein.  Fractures  of  the  base  of  the  skull  may  rupture 
the  carotid  artery  or  internal  jugular  vein  ;  hence  hemorrhage  from  the  ears  is  a 
bad  symptom  in  these  cases.  Caries  of  the  ear  may  extend  to  other  organs.  The 
anterior  wall  is  in  close  relation  with  the  carotid  artery,  while  the  posterior  com- 
municates with  the  mastoid  cells,  so  that  fluids  from  the  middle  ear  sometimes 
escape  through  the  mastoid  cells.] 

Hiat  the  air  in  the  tyniimnum  can  communicate  its  vibrations  to  the  membrane  of  the  fenestra 
rotunda  is  true  (p.  S14 ),  hut  normally  this  is  so  slight,  when  compared  with  the  conduaion  through 
the  auditory  ossicles,  ihat  it  scarcely  need  be  taken  into  account. 

Structure. — The  tube  and  tympanum  arc  lined  by  a  common  mucous  membrane,  covered  by 
ciliated  epithelium,  while  the  membrana  is  lined  by  a  layer  of  squamous  epithetium.  Mucous 
glands  were  found  l>y  Tr5ksch  and  Wcndt  in  the  mucous  membrane.  [The  epithelium  covertt\g  the 
ossicles  ami  tenior  tympani  is  not  ciliated.] 

Pathological. — The  lube  is  often  occluded,  owing  to  chronic  catarrh  and  narrowing  from  cica- 
trices, hypertrophy  of  the  mucous  membrane,  or  the  presence  of  tumors.  The  deafness  thereby 
produced  may  often  be  cured  by  iaiheierizing  \\\c  tube  from  the  nose  (Kig.  521  f.  Effunons  into  or 
suppuration  within  the  tympanum,  of  course,  paralyze  the  sound -conducting  mechanism,  while  in- 
flainmation  often  causes  subsequent  aFTcctioos  of  the  plexus  tympamcos.     If  the  temporal  bone  be 
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Extenul  sppcArancc  or 
the  tAbyrinih,  fenestra 
ovalit,  cochlea  (o  ihe 
Icfi.^ndf/'}  lh«  upper, 
(i)  horixciaul,  and  (j) 
poitcrfor  MinJcirculAr 
c*aal  (left)- 


tlcstrojred  by  progmsivc  caries  within  the  (ympanum,  innammalion  of  the  neighborin,_ 
&truciures  may  occur  and  caute  death. 

[Methods. — Not  unfreiiucntly  the  aurist  is  called  upon  to  dilate  the  Eustachian  tube,  whidi,  ia 
certain  cases,  retjuircs  the  use  of  a  Eustachian  catheter  introduced  intu  the  lutic  alone  '^'  A^*" 
of  the  no&c  (Ftg.  521 ).  At  uther  times  he  requires  to  till  the  tympanic  cavity  with  air,  which  ■ 
easily  done  hy  means  of  a  Politser'a  bag  (Fig.  532).  The  nuzzle  is  introduced  into  ooe  iKMnl, 
while  the  other  nostril  is  closed,  and  the  patient  is  directed  to  swallow,  while  at  the  same  motann 
the  surgeon  comproses  the  Itoj;,  and  the  patient's  mouth  being  closed,  air  h  furced  ihrougb  the  i^kb 
Eustachian  tube  into  the  middle  car.  Sometimes  a  small,  curved,  narrow  manometer,  containing  a 
drop  of  colored  water,  is  placed  in  the  outer  car  (Po/i/srr).  Normally,  when  the  patient  imUpm, 
Ihe  Huid  uu^ht  to  move  in  the  tube.] 

41a.  CONDUCTION  OF  SOUND  IN  THE  LABYRINTH.— Tbr 

vibrations  of  the  foot  of  Ihc  sta]>c!i  in  ihe  fenestra  ovalis  give  riso  to  wave*  in  the 
perilymph  within  the  inner  ear  or  labyrinth.  Tbc^e  wavc& 
are  so-calltrd  ** flexion  wavfs,"  /.  ^.,  the  perilymph  moves  in 
mass  before  the  impulse  of  the  base  of  the  stapes.  Thi»  is 
only  possible  from  the  existence  of  a  yuiiiing  raemtrrane — 
that  fitb'ng  the  fenestra  rotunda,  and  sometimes  tailed  ibc 
membrana  secumiaria,  which  during  rest  bulges  inward  to  ihc 
scala  tympani,  and  can  be  bulged  outward  toward  the  t>-ro- 
panic  cavity  by  the  impulse  communicated  to  it  by  the  move- 
ment of  the  perilymph  (Fig.  510,  r).  The  flexion  wave* 
must  correspond  in  number  and  intensity  to  the  vibrations  of 
the  auditory  ossicles,  and  must  also  excite  the  free  tcnnina- 
tjons  of  the  auditory  nerve,  which  float  free  in  the  endolytnpH. 
As  the  endolyroph  of  the  saccule  and  utricle  lying  in  the 
vestibule  receive  the  6rst  impulse,  and  as  they  communicate 
anteriorly  with  the  cochlea,  and  posteriorly  with  the  semicircular  canals,  conse- 
quently the  motion  of  the  perilymph  must  be  propagated  through  these  canals. 
To  reach  the  cochlea  the  movement  passes  from  the  saccule  (.lying  in  the  fovea 
heimispherica)  along  the  scala  vesiibuli  to  the  helicotrema,  where  it  passes  into  the 
scala  tympani,  where  it  reaches  the  membrane  of  the  fenestra  rotunda,  and  causo 
it  to  bulge  outward.  From  the  w/r/V/^  (lying  in  the  fovea  hemieUipticaj,  in  « 
similar  manner,  the  movement  is  propagated  through  the  scmUircuiar  camaii- 
Polit/.er  observed  that  the  endolymph  in  the  superior  semicircular  canal  rose  when 
he  caused  contraction  of  the  tensor  tympani  by  stimulating  the  trigeminus,  jti&tit 
the  base  of  the  stapes  must  be  forced  against  the  perilymph  with  every  vibraiioo 
of  the  mcrobrant  tympani. 

[Practical. — It  is  well  to  view  the  organ  of  hearing  as  consisting  of  two  meclh 
an  isms: — 

1.  The  sound-conducting  apparatus. 

2.  The  sound-perceiving  apparatus. 

The  former  includes  the  outer  ear,  with  its  auricle  and  external  meatus ;  the 
middle  car  and  the  parts  which  l>ound  it,  or  open  into  it.  The  latter  consisb  of 
the  inner  car  with  the  expansion  of  the  auditory  nerve  in  the  labyrinth,  the  nerw 
itself,  and  the  sound-j>ercciving  and  interpreting  centre  or  centres   in  the  brun 

(P-  723)-] 

[Testing  the  Soutid  Conduction. — In  any  case  of  deafness  il  is  csential  to 
estmiate  the  degree  of  deafness  by  the  methods  stated  at  p.  815,  and  it  is  well  to 
do  so  both  for  such  sounds  as  those  of  a  watch  and  conversation.  We  have  next 
to  determine  whether  the  sound-conducting  or  the  sound-perceiving  apparatia  » 
a/fected.  If  a  person  is  deaf  to  sounds  transmitted  through  the  air,  on  applyioj 
a  sounding  tuning-fork  to  the  middEe  line  of  the  head  or  teeth,  and  if  ii  be  hcini 
distinctly,  then  the  sound-perceiving  apparatus  is  intact,  and  we  have  to  look  for 
the  cause  of  deafness  in  the  outer  or  middle  ear.  In  a  healthy  person,  the  sound 
of  the  tuning-fork  is  heard  of  equal  intensity  in  both  ears.  In  this  case  ihc  sound 
is  conducted  directly  to  the  labyrinth  by  the  cranial  bones.     In  cases  of  discuc 
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of  the  sound -con  dueling  raechanism,  the  sound  of  the  tuning-fork  U  heard  loudest 
in  the  deafer  ear.  Ed.  Weber  pointed  out  that,  if  one  car  he  stopped  and  a 
vibrating  tuning-fork  placed  on  the  head,  the  sound  is  referred  to  the  pUigged 
ear,  where  it  is  heard  loudest.  It  is  assumed  that  when  the  ear  is  phigged,  the 
sound  waves  transmitted  by  the  cranial  bones  are  prevented  from  escaping  {Mach). 
If,  on  the  contrary,  the  sound  be  heard  loudest  in  the  good  ear,  then  in  all  proba- 
bility there  is  some  affection  of  the  sound-perceiving  apparatus  or  labyrinth, 
although  there  are  exceptions  to  this  statement,  especially  in  elderly  people. 
Another  plan  is  to  connect  two  telephones  with  an  induction  machine,  provided 
with  a  vibrating  Ncef 's  hammer.  The  sounds  of  the  vibrations  of  the  latter  are 
reproduced  in  the  telephones,  and  if  they  be  placed  to  the  ears,  then  the  healthy 
ears  hear  only  one  sound,  which  is  referred  to  the  middle  line,  and  usually  to  the 
back  of  the  head.  In  diseased  conditions  this  is  altered— ii  is  referred  to  one 
side  or  the  other.] 

413.  STRUCTURE  OF  THE  LABYRINTH,  AND  TERMINATION  OF  THE 
AUDITORY  NERVE.— Scheme.— The  vestibule  (Fie-  $24.  Ml)  contains  two  seiwratc  sacks, 
one  of  them  tbe  saccule,  s  (round  sack  or  S.  hcmi&pha.>nciisj,  commuDicalcs  with   ihc  ductus 
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a  bird'*  labyrinth;  V,  ichcme  of  a  fish's  labyrinth. 

cocbleariB,  C  r,  of  the  ctichlea,  the  other  the  utricle,  U  (elliptical  Mck,  or  sacculus  heiniellipUcus), 
communtcates  with  the  semicircular  canals  C  i,  C  /. 

The  cochlea  consists  ot  2}4  turns  of  a  lube  disposed  round  r  central  column  or  modiolus.  The 
tul>c  is  di^-idcd  into  tvro  compart ntentK  (Fig.  527,  Kig.  524,  I)  by  a  horizontal  septum,  partly  Oise- 
ous  and  partly  mcnil>r;inuus,  the  lamina  spiralis  ossea  and  membranacea.  llie  /azeft  compart- 
ment i4  the  scala  tympani,  and  is  separated  from  the  cavity  of  tbe  tympauuiu  by  the  membrane  of 
the  fenestra  rotunda. 

The  u/i/rer  compartment  is  the  scala  vestibuli,  which  communicates  with  tbe  vcstibole  of  the 
labyrinth  (Fig.  524,  I).  These  two  compartments  communicate  directly  by  a  small  opening  at  the 
apex  of  the  cochlea,  a  sickle-shaped  edge  ['*  hamulus  "]  of  the  lamina  spiralis  bounding  the  beli. 
cotrema  (Fig,  510).  The  scala  vcstibun  is  divided  by  Reiasner's  membrane  (Fig.  534,!), 
which  ari&es  near  the  outer  part  of  the  lamina  spiralis  ossea,  and  runs  obliquely  outward  tu  the  wall 
of  llie  cochlea  so  as  to  cut  off  a  small  triangular  canal,  the  i/uc/us  or  canaiis  cochUaris^  or  scala 
media,  C  (,  whose  lloor  is  fnnncd  for  the  mo&t  part  by  the  lamina  ^pirallH  membranacea,  ami  on 
which  the  end  organ  of  the  auditory  nerve — Corti's  organ— is  placed.  The  lower  end  of  the  can- 
alis  cochlearis  is  blind.  III,  and  divided  toward  the  saccule,  with  which  it  communicates  by  means 
of  the  small  canalis  reuniens,  C  r  {J/msm).  The  utricle  (Fig.  524,111,  U)  comuiunicates  with 
the  three  semicircular  canals,  C  j,  C  i — each  by  means  of  an  ampulla,  within  which  lies  the  termi- 
nations of  the  ampullary  nerves,  but  as  the  po&tcrior  and  the  superior  canals  unite  there  is  only  one 
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coiniDon  ampulla  fnr  them.  The  mcnibranoui  semicircular  cadbU  lie  within  (be  o»e«f  vmi 
perilymph  lying  between  ihe  Iwo.  Perilymph  also  fills  ihe  scala  vestibuli  and  lympani.  io  tb*t  aU 
the  iipacet  within  the  bbyrinth  are  htlcd  by  tluid,  while  the  spacer  thenuclves  are  lined  by  ^ort 
cylindrical  epithelium. 

The  system  of  spaces,  filled  hy  endolymph,  is  the  only  part  conL-iining  the  nervous  end  ar^am 
for  hearing.  All  these  t]>aces  communirate  with  each  other;  the  semicircular  canals  direcity  widk 
the  utricle,  the  ductus  cochtearis  with  the  saccule  through  the  cnnalis  reuniens;  and,  lastly,  the  sac- 
cule and  utricle  through  the  "  saccus  endolymphaticus,"  which  springs  by  an  isolated  limb  froai 
each  sack  ;  the  limbs  then  unite,  as  in  the  letter  Y*  ^"*1  jki&s through  the  osseous  a(|ueduciQs  vestihuU 
to  end  blindly  in  the  durm  mater  of  the  brain  (Hr.  Ill,  R — Bo/fcAer,  /^rtzius).  The  ai^ucductia 
cochlex  is  another  narrow  passage,  which  bcgin.i  in  the  scala  tympam,  immediately  in  front  of  the 
fenestra  rolumLi,  and  o})en.<i  close  to  the  fo!Ka  juFTularis.  It  forms  a  direct  means  of  commuBicMiM 
between  the  perilymph  of  the  cochlea  and  the  subarachnoid  space. 

Semicircular  Canals  and  Vestibular  Sacks  — The  mcmbmnoussemtcircalar  canals  do  tut  SU 
the  correspondint;  os&cous  canals  complcicly,  but  arc  separated  from  them  bv  a  pretty  wide  space, 
which  Ls  hlled  with  perilymph  (Fig.  525)-  At  the  concave  margin  Ihey  are  tixed  by  connectirt  tis- 
sue to  the  osseous  walls.  I1ie  ampull.T,  however,  completely  fill  the  corresponding  otseous  dilita* 
tions.  The  canals  and  ampaltx  consist  externally  of  an  outer,  rascular,  conneciive-tusue  Uyci,  oa 
which  there  rests  n  welt-marked  hyaline  layer,  bearing  a  single  layer  of  tiatlened  epithelinm. 

Crista  Acustica. — The  vesiibular  branch  of  the  auditor)'  nerve  senils  1  branch  to  each  ainp«lk 
and  to  the  saccule  and  utricle  (Fig.  536).     In  the  RmpullK  I  Hg.  524>  H,  A),  the  nerrc  (r)  tcml- 
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II,  posterior  extremity  of  the  horimntal  catutl. 


nales  in  connection  with  the  crista  acustica,  which  is  a  yellow  elevation  projecting  into  the  eii«a- 
tor  of  the  ampulla.  The  medullated  nerve  fibres,  it,  form  a  plexus  in  the  connectivetiBoe  lajref, 
lose  their  myelin  as  they  pass  to  the  hyaline  basement  membrane,  and  each  ends  in  a  cell  pnmdfd 
with  a  rigid  hair  (0,/)  90  ;j  in  length,  so  that  the  crista  is  largely  covered  with  the>c  hair  eeUi 
{HartmaMM),ha\  between  them  ar«  supporting  cells  like  cylindrical  epithelium  (a),  and  not  ttnfrc. 
qucntly  containing  granules  of  yellow  pigment.  The  hairs  or  "  auditory  hairs  "  (.f/.  Sfttnlfi^)  ir* 
coropoMd  of  many  fine  fibres  (Rrtnuj),  An  excessively  6De  membrane  (menabrana  tectorial 
covers  tite  hairs  [Phtckard,  Lani^). 

MaculBe  Acusticc — The  nerve  terminations  in  the  maculx  acusticc  of  the  saccult  aa^ 
utricle  are  exactly  the  same  as  in  the  ampulla:,  only  the  free  surface  of  their  mcmbrana  tcetoria  is 
sprinkled  with  small,  white,  chalkdike  crystals  or  otoliths  (11,  T),  composed  of  calcic  carbonstt. 
which  are  sometimes  amorphous  and  partly  in  the  form  of  amigonite,  lying  fixed  in  the  viscid  cndch 
lymph,  The  nonmedullated  axis  cylinden  of  the  saccular  nerves  enter  directly  into  the  «ub«UftC< 
of  the  hair  cells.  The  terminations  of  the  nerves  have  been  investigated,  chiefly  in  fishes,  in  the 
rays. 

Cochlea. — llie  terminations  of  the  cochlear  branch  of  the  auditory  nerve  lie  in  connecticm  with 
Corti's  organ,  which  is  pLiced  in  the  canalis  or  ductus  cochlearls  (Fig.  524,  I,  C  f,  «nd  III*  C '. 
and  Mg.  537),  the  small  triangular  chamber  or  [scala  media],  cat  off  from  the  icala  vetfifaofi  by 
(he  membrane  of  Reistner.  Corti's  organ  is  placed  on  the  lamina  spiralis  membranacea.  attd  «»' 
lists  of  a  suf>f>oriin\r  apparatus  composed  of  the  so-called  Corti's  arcbee,  each  of  which  caaaiM 
of  two  Cofli's  rods  i'l.)')*  *^l"ch  lie  upon  each  other  like  the  beams  of  a  house,     but  ercry  tw« 
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rods  do  not  rorm  an  arch,  as  there  are  always  three  inner  to  two  outer  rods  {ChuMus).    There  are 
about  4500  t>utcf  rods  (  WfilJtyer). 

The  ductus  cochlear^  bccumes  larger  toward  the  apex  of  the  cochlea,  and  the  rods  also  become 
lont;er;  the  inner  ones  are  30  u  lan^  in  the  fira  turn,  and  34  ,u  in  the  upper,  the  outer  rods  47  u 
and  69  u  rc^j«ctivcly.  The  span  of  the  arches  a'so  increases  [Memrn).  [The  arches  leave  a 
tri.ioKuIar  tunnel  beneath  them.]  The  prupcr  end  organs  uf  the  cochlear  nerve  are  the  cylindrical 
"  hair  cella  "  {A'Sf/ii^r]  previously  observed  by  Corti,  which  are  frona  16,400  to  20,000  in  nuroher 
[//rnsfn.  WaUeyer).  There  is  one  row  of  inner  cells  (1)  which  rests  on  a  layer  of  small  granular 
cells  (K)  {Batcher,  WaUeyer\\  the  outer  cells  {a,  a)  number  12.000  In  man  {HetUMsS,  and  rest 
upon  the  basement  membrane.  Iwinjj  disposed  in  three  or  even  four  rows.  Ketween  the  outer  hair 
cells  there  arc  other  cclhilar  struclurc:*.  which  are  either  regarded  as  special  cells  (Deiter's  cells), 
or  are  regarded  merely  as  processes  of  the  hair  cells  {^Lavdtni'sky).  [The  cochlear  branch  of  the 
auditory  nerve  enters  the  modiolus,  and  runs  upward  in  the  osseous  cnanneU  there  provided  for  it, 
and  as  it  does  so  gives  branches  to  the  [amina  spiralis,  where  they  run  lietween  the  us&eous  plates 
which  form  the  lamina.]  The  fibres  (N)  come  out  of  the  lamina  spiralis  after  traversing  the  gan- 
glionic cells  in  their  course  (Figs.  524,  527,  I,  G),  and  end  by  tine  varicose  (ibnls  in  the  hair 
cells  (Fig.  527)  ( Waldtyer^  Gottjtein,  Lavdowskyt  Jiettius). 

Fig.  527. 
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Scheme  of  the  ductus  cochlcarU  and  the  oi^gan  of  CorH.  N,  cochlear  nerve;  K,  Inner, and  P. outer  balr  cells;  n, 
n<rvc  fibrils  icnnirvaiinp  in  I* :  *,  n,  lupportinf  c«ll« ;  4,  C«1U  in  the  tulcui  ipiralU :  t,  inner  rod  of  Corti ;  M  b. 
Corti,  membrane  of  Corti,  ot  the  niemDrana  tectoria;  0.  the  nembraoa  cetjculafli ;  H,  G,  celb  fining  up  the 
■pace  r»ftar  tJte  outer  wall. 


Membrana  Reticularis. — Cortl's  rods  and  the  hair  cells  are  covered  by  a  special  membrane 
U).  the  membrana  reticularis  of  Kdlliker.  The  upper  ends  of  the  hair  celU,  however,  project 
through  holes  in  this  memt^ranc,  which  cunsists  of  a  kind  of  a  cement  substance  holding  these 
parts  together  {Lavdowik%'\.  [Springing  from  the  outer  end  of  the  lamina  spiralis,  or  crista  spiralis, 
is  the  membrana  tinctoria,  sumciinics  called  the  membrane  of  Corti.  It  is  a  well-defined  struc 
ture,  often  fibrillated  in  appearance,  and  extends  outward  over  the  organ  of  Corti.]  W'aldejer 
regards  it  as  a  damping  apparatus  for  this  organ  (Fig.  527,  Mb.  Corti). 

[Basilar  Membrane. — Its  breadth  increases  from  the  base  to  the  apex  of  the  cochlea.  This 
fact  is  important  in  connection  with  the  theory  of  the  perception  of  tone.  It  is  supposed  that  high 
notes  are  appreciated  by  structures  in  connection  with  the  former,  and  low  notes  l^  the  upper  parts 
of  the  basilar  membrane,  tn  one  case,  recorded  by  Moss  and  Steinbrugge,  a  patient  heard  low 
notes  only  in  the  right  ear,  and  after  death  it  was  found  that  the  auditory  nerve  in  the  tirst  turn  of 
the  cochlea  was  atrophied.] 

Intra-Labyrinthine  Pressure. — Tlie  lymph  within  the  labyrinth  is  under  a  certain  pressure. 
Every  diminution  of  the  pressure  of  the  air  in  the  tympanum  is  accompanied  by  a  corresponding 
diminution  of  the  intralabynnthine  pressure,  while  conversely  every  increase  of  pressure  is  accom- 
panied by  an  increase  of  the  lyraph  pressure  {^F.  Saoid). 
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The  perilymph  of  the  inner  ear  flows  away  chiefly  through  the  aqueductm 
cochlcx,  in  the  circumference  of  the  foramen  jugulare,  into  the  peripheral  lym- 
phatic system,  which  also  takes  up  the  cerebro-spinal  fluid  of  the  su1>arachnoKl 
space,  while  a  small  part  drains  away  to  the  subdural  space  through  the  internal 
auditory  meatus.  The  endolymph  flows  through  the  arachnoid  sheath  of  the 
N.  acusticus  into  the  subara(  hnoiil  space  ( C  Hasse). 

414.  QUALITY  OF  AUDITORY  PERCEPTIONS-PERCEP- 
TION OF  THE  PITCH  AND  STRENGTH  OF  TONES.— Tones 
and  Noises. — Every  normal  ear  is  able  to  distingui^ih  musical  tones  ami  Hvisei 
Physical  experiments  prove  that  tones  are  produced  when  a  vibrating  elastic  body 
executes  periodic  movements,  r.r.,  when  the  sounding  body  executes  the  Mme 
movement  in  equal  intervals  of  time,  as  the  vibrations  of  a  string  which  has  been 
plucked.  A  noise  is  produced  by  non-periodic  movements,  /.r.,  when  the 
sounding  body  executes  unequal  movements  in  equal  intervals  of  time,  [ITie 
non-periodic  movements  clash  together  on  the  ear,  and  produce  dissonance, 
when  we  strike  the  keyboard  of  a  piano  at  random.]  This  is  readily  proved 
means  of  the  siren.  Suppose  that  there  are  forty  holes  in  the  rotatory  disk  of  ihi» 
instrument,  placed  at  exactly  the  same  distance  from  each  other — on  routing  the 
disk  and  directing  a  current  of  air  against  it,  obviously  with  every  rotation  the 
air  will  be  rarefied  and  condensed  exactly  forty  limes.  Every  two  condensations 
and  rarefactions  are  separated  from  each  other  by  an  /-yj/f;/ interval  of  time.  This 
ai^angement  yields  a  characteristic  musical  tone  or  note.  If  a  similar  disk  with 
holes  perforated  in  it  at  unequal  distances  be  used,  on  air  being  forced  against  it, 
awhirring,  non-musical  noise  is  produced,  tn-'cause  the  movements  of  the  sounding, 
body  (the  condensations  and  rarefactions  of  the  air)  are  non-periodic 
double  siren  of  v.  Helraholtx  is  an  improved  instrument  for  showing  the  sai 
facts.] 
The  normal  ear  also  distinguishes  in  every  tone  three  distinct  factore : — 
[(i)  Intensity  or  force ;  (2)  Pitch  ;  (3)  Quality,  timbre  or  •'  klang.*^'\ 
X.  The  intensity  of  a  tone  depends  upon  the  greater  or  lesser  amplitude 
the  vibrations  of  the  sounding  body.  Every  one  knows  that  a  vibrating  stnnj 
emits  a  feebler  sound  when  its  excursions  are  smaller.  (The  intensity  of  a  souni 
corresponds  to  the  decree  of  illumimition  or  brightness  in  the  case  of  the  eye.") 

2.  The  pitch  depends  upon  the  number  of  vibrations  which  occur  in  a  given 
time  {Mcrsenne,  i6j6)  [or  the  length  of  time  occupied  by  a  single  vibration]. 
This  is  proved  by  means  of  the  siren.  If  the  rotating  disk  have  a  scries  of  fortyj 
holes  at  equal  intervals,  and  another  series  of  eighty  equidistant  from  each  other, 
on  blowing  a  stream  of  air  against  the  rotating  disk  we  hear  two  sounds  of  unequal 
pitch,  one  being  the  octave  of  the  other.  (The  perception  of  pilch  cocrespoods 
to  the  sensation  0/ color  in  the  case  of  the  eye.) 

3.  The  quality  or  timbre  ("Xlang/arbe*')  is  peculiar  to  different  sonorooij 
bodies.  [It  is  the  peculiarity  of  a  musical  tone  by  which  we  are  enabled  to  distia* 
guish  it  as  coming  from  a  particular  instrument,  or  from  the  human  voice.  Thus, 
the  same  note  struck  on  a  piano  and  sounded  on  a  violin  differs  in  quality  or 
timbre.']  It  depends  upon  the  peculiar  form  of  the  vibrtUion,  or  the  form  of  the 
wave  of  the  sonorous  body.  (There  is  no  analogous  sensation  m  the  case  of 
light.) 

I.  Perception  of  Pilch. — Ky  means  of  the  organ  of  hearing  we  can  dctennine  that 
tones  have  a  different  pilch.     In  the  so  called  niu.<iical  scale,  or  gamut,  this  dilTercncc  it  very 
to  a  noToia]  car.     But  in  the  scale  ihcie  are  again  four  tonc^.  which,  when  they  are  sounded  togeilM^ 
cause  in  a  normal  ear  the  sensation  of  an  agreeable  sound,  which  once  heard  can  re«(tily  be  rtyto- 
dnced.     This  is  the  tone  of  the  so-called  Accord,  Triad,  or  Common  Chord,  consisting  of  the  l«, 
3(1.  and  5th  tones  of  the  scale,  to  which  the  8th  lone  or  octave  is  added.     We  have  next  to  dciennii 
the  pitch  of  the  (ones  of  the  chord,  and  then  that  of  the  other  tonef^  of  the  scale.     The  siren  ts 
ffw  the'  funfkmental  experiment,  from  which  the  others  can  easily  be  calculated.     Fovr  codcc 
circles  arc  drawn  upon  the  rotatory  disk  of  the  siren  ;  the  inner  circle  cootains  40  holes,  the 
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50.  the  ihird  60,  and  the  omer  80 — all  the  holes  being  at  equal  digtAtices  from  each  other.  If  tite 
disk  be  rotated,  and  air  forced  againsi  each  series  of  holes  in  furn,  we  distinguish  successively  the 
four  tones  of  the  actord  (major  chord  with  Its  octave) ;  when  all  the  four  series  are  blown  upon 
simutU%iuou!ly,  we  hear  in  complete  purity  ibc  major  chord  itself.  The  nlative  number  of  th4 
koUs  in  the  four  series  indicates  in  the  simplest  manner  (he  relative  pitch  of  the  tone^  of  the  major 
chord.  While  one  revolucmn  of  the  tli-.k  is  necc«ary  to  produce  the  fundnmental  ground  tone 
(key  note  ur  tonici  with  40  condensations  and  rarefactions  of  the  air — in  order  lo  produce  the 
octave,  we  must  have  doulile  the  number  of  cnndcn»aliun»  nnd  mrefactions  during  or:c  revolution 
in  the  same  lime.  Thus,  the  relation  of  the  number  of  vibrations  of  the  Ground  tone  or  Tonic  to 
the  Octave  next  above  ii,  is  i  :  2.  In  the  second  series  we  have  50  boles,  which  cause  the  pitch  of 
the  Third;  hence, the  relation  of  the  Ground  tone  to  the  Third  in  this  case  is  40 :  $0,  or  i :  i  J=:  |, 
I.  €.,  for  every  vibration  of  the  Ground  tone  there  are  J  vilwations  in  the  Third.  In  the  third  series 
are  60  holes,  which,  when  blown  upon,  yield  the  Fifth ;  hence,  the  ratio  of  the  Ground  tone  to  the 
Fifth  in  our  disk  is  40  :  60,  or  1  :  i  J  =  \.  In  the  s.tme  way  we  can  estimate  the  pilch  of  the  Fourth 
lone,  and  we  find  that  the  number  of  vibrations  of  the  First,  Third,  Fifth,  and  Octave  are  to  each 
other  as  I  :  j  ;  ^  :  2. 

The  Minor  chord  is  quite  as  characteristic  to  a  normal  ear  as  the  Major.  It  ts  distinguished 
essentially  fmm  the  laltcr  by  its  Third  being  half  a  lone  lower.  We  can  easily  imitate  it  by  the 
siren,  as  the  Minor  Third  consists  of  a  number  of  vibrations  which  stand  to  the  Ground  tone  aa 
6:  5,1.  f..  if  5  vibrations  occur  in  a  given  time  in  the  Ground  tone,  then  6 occur  In  the  Minor  Third; 
its  vibration  number,  therefore,  is  \. 

From  these  relations  of  the  Major  and  Minor  common  chords  we  may  calculate  the  relative  tones 
in  the  scale,  and  we  must  remember  that  the  Octave  of  a  lone  always  yields  the  fullest  and  most 
complete  harmony.  It  is  eviiJcnt  that  as  the  Major  Third,  the  Minor  Third,  and  the  Fifth  harmonize 
with  the  fundamental  Grouml  tone  or  key-note,  they  must  also  harmonize  with  the  Octave  of  the 
keynote.  We  obtain  from  the  Major  Third  with  the  number  of  vibrations  \,  the  Minor  Sixth  witli 
|,  from  the  Minor  Third  with  J,  the  Major  Sixth  =  (^  =)  J ;  from  the  Fifth  with  |,  the  Fourth 
=  J.  These  relations  arc  known  as  the  ■*  Inversions  ot  the  intervals."  These  relations  of  the  tones 
arc,  collectively,  the  consonant  (niervals  of  the  scale.  The  dissonant  stages,  or  discords,  of  the  scale 
can  be  olitained  as  follows:  Suppose  that  we  have  the  Ground  tone  or  key-note  C,  with  the  number 
of  vibrations  —  1,  ihe  Third  E  =  J.  the  Fifth  G  =J,  anti  the  Octave  —  2,  we  then  derive  from  the 
Fifth  or  Dominant  G  a  Major  chord — this  is  G,  B,  I>i.  The  relative  number  of  vibrations  of  these 
3  tones  is  the  same  as  in  the  Major  chord  of  Cj,  C,  E,  G.  Hence,  the  number  of  vibrations  of  G  :  B 
is  as  C :  E.  When  we  sulwtitute  the  values  we  oUam  }  :  H  =  1  :  |— r  ^.,  B  =  y.  Bui  D' :  B  = 
1; :  E ;  so  thai  IJ  :  y  —  *  :  J,  i.  ^.,  U'  —  '/,  or  an  octave  lower,  we  have  D  =  |.  Deduce  from  F 
(iubdoniinant)  a  .Major  chord,  F,  A,  CI.  The  relation  of  A  :  Cl:=  E  :  G,  or  A  :  2  ^  J  :  3.  '•  <^-,  A 
=  \.  Lastly,  F  :  A  =  C  :  E,  or  F  :  I  =  I  :  |,  i.*-.,  F  =  J.  So  that  all  ihe  tones  of  the  wide  have 
the  following  number  ol  vibraiiona:  I,  C  =  I ;  II,  D  =  |;  111,  £  =  4;  IV,  F=:*:  V,  G  =  |; 
VI.A-.Ji;  VII.  B=V:  VIII,  C'=  2. 

Conventional  Eftiimaie  of  Pitch.— Conventionally,  the  pitch  or  concert  pitch  of  ihe  note,  «, 
is  taken  at  440  vibrations  in  the  second  [Schnblcr,  t8j4),  although  in  France  it  is  taken  at  433 
vibrations  per  kccond.  Frum  this  we  can  estimate  the  absolute  number  of  vibrations  for  the  tuntrs 
of  ihc  scale:  C  —33.  D  — 37. 125,  E^  41.25,  F  ^  441  ti  =f  49-S»  A  =  55,  8=61.875  vibrations. 
Tlie  number  of  vibrations  ol  the  next  highest  octave  is  found  at  once  by  multiplying  these  numbers 
by  2. 

Musical  Notes.— The  lowest  notes  used  in  mu>ic  are  the  double  bass,  £,  with  41.25  vibrations, 
piano-forte  C  with  ^-^t  grand  piano  .\  with  27.5,  and  organ  C  with  16.5.  The  highest  notes  in 
music  are  the  piano-forte  c*  with  4224,  and  d'  on  llic  piccolo  flute,  with  4752  vibrations  per  xecond. 

Limits  of  Auditory  Perception. — According  to  Preyer,  the  limit  of  the 

perception  of  the  lowest  audibit;  tone  lies  between  sixteen  and  twenty-lhree  vibra- 
tions per  second,  and  e""  with  40,960  vibrations  as  the  highest 
audible  tone  ;  so  that  this  embraces  about  ii>^  octaves. 


Fig.  528. 


[Audibility  of  Shrill  Notes. — This  varies  very  greatly  in  different  persons 
(ffW/as/vn).  There  is  3  remarkal>lc  falling  nff  of  tnc  [lower  as  age  advances 
ICatioH).  For  testing  this,  Gallon  uses  a  small  whistle  (Fig.  528)  made  of  a 
brass  tube,  with  a  diameter  of  le*5  than  y^th  of  an  inch.  A  plug  is  filled  at  the 
lower  end  to  lengthen  or  shorten  the  mbc,  whereby  the  pitch  of  the  note  is 
altered.  Among  animals  Galtun  finds  none  superior  to  cats  in  the  power  of  hear- 
ing shrill  sound«.  and  he  atirlimtes  this  "to  differentiation  by  natural  selection 
among  these  animals  umil  they  have  the  power  of  hearing  alt  the  high  notes 
made  Iw  mice  and  other  litUc  creatures  they  have  to  catch."] 

Variations  in  Auditory  Perception. —  It  is  rare  to  find  that  tones  produced  by 
more  than  35,000  vihrations  jicr  seconil  ore  heard.  When  the  tcnwr  tympani  is 
contracted,  the  perception  nuy  be  increased  fur  tones  3000  lo  5000  vibrations 
h^her,  but  rarely  more.     Pathologically,  the  perception  for  h^h  notes  may  be   Calton'k  WbUtlc 
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abnomaUy  acute-~(l)  When  the  tension  of  the  sound-conducting  apparalus  genemlly  is  inc 
(2)  By  elimination  of  the  sound-conducting  apparatus  of  the  middle  ear,  which  offers  greater  of 
less  resistance  (o  the  propiLgation  of  very  high  notes,  as  perforation  of  the  membrana  tympani,  or 
loss  of  the  incus  and  tnalleos.  In  these  ca&es  the  stapes  is  directly  set  in  vibration  t^  the  sotud 
waves,  when  tones  up  to  80,000  vibrations  have  l>een  perceived.  Itimint^hed  tension  ol  the  sound- 
conducting  apparatus  causes  diminution  of  the  perception  foi  high  tones  [Blaie). 

A  smaller  number  of  vibrations  than  16  per  fecund  (as  10  the  organ)  are  no  longer  heard  as  a 
tone,  but  ait  single,  dull  impulses.     The  tones  thai  are  produced  beyond  the  highest  audible  note. 


as  by  slroking  small  tuning-forks  with  a  violin  bow,  are  also  no  lunger  heard  as  tones,  but  Ibry 

inlul 
mately,  frum  C  of  the  first  octave  with  16.5  vibrations  to  e,  the  eighth  ocuve. 


cause  a  |iainlul  cutting  Itind  of  impre»5iun  in  the  ear.      In  the  musical  bcale  the  range  u,  approsi 


Compariaon  of  Ear  and  Eye. — In  cumparing  the  perception  of  the  eye  with  that  d  the  ear, 
we  sec  at  once  that  the  tangc  of  accoramudatiou  of  the  ear  is  much  greater.  Red  has  456  billKHia 
of  vibrations  per  second,  while  the  viuble  violet  has  but  667,  so  that  the  eye  only  takes  cngBuaiifiC 
of  vibrations  which  do  not  form  even  one  octave. 

Lowest  Audible  Tone. — As  to  the  smaiUst  number  of  successive  vibrations 
which  the  ear  can  perceive  as  a  sensation  of  tone,  Savart  and  Pfaundler  considered 
that  two  would  suffice.  If,  however,  we  exclude  in  our  experiments  the  i>osstbiltiy 
of  the  occurrence  of  over-tones  (4  to  8)  {Mack)^  or  even  16  to  20  vibrations  t,/". 
Aturbachy  Kohirausch)  arc  necessary  to  produce  a  characteristic  tone. 

When  tones  succeed  each  other  rapidly,  they  arc  still  perceived  as  distinct, 
when  at  least  o.  i  second  intervenes  between  two  successive  tones  (r.  Helmhoitt) ; 
if  they  follow  each  other  more  rapidly  they  fuse  with  each  other,  although  a  short- 
time  interval  is  sufficient  for  many  musical  tones. 

By  the  term,  ^^ fineness  of  fhe  €ar^^'  or,  as  we  say,  a  "good  ear,"  is  meant  the 
capacity  of  distinguishing  from  each  other,  as  different,  two  tones  of  nearly  the 
same  number  of  vibrations.  This  power  can  be  greatly  increased  by  practice,  so 
that  musicians  can  distinguish  tones  that  differ  in  pitch  by  only  ^^,  or  even  tVitti 
of  their  vibrations. 

With  regard  to  the  time  sense,  it  is  found  that  beats  are  more  precisely  per- 
ceived by  the  ear  than  by  the  other  sense  organs  {/Idnng,  Mach^  VUrortit). 

Patholo{^cal. — According  to  l.ucae,  there  are  some  ears  that  are  t>etier  adapted  for  hearing . 
notes  and  others  for  high  nolex.  K«>th  conditions  are  dikadvaniagcoui  for  hearing  S|teech. 
who  hear  low  notes  bat  hear  the  highest  consonants  imperfectly.  The  low  notes  arc  heard  aboor* 
mally  loud  in  rheumatic  facial  paralysis,  while  the  high  tones  are  heard  abnormally  loud  in  eaacaof 
loss  of  the  memt>rana  tympani,  incus,  and  malleus.  The  mapedins  is  in  full  action,  whereby  the 
highest  tones  are  heard  louder  at  the  expense  of  the  lower  notes.  Many  persons  with  normaj  bear- 
ing hear  a  tone  higher  with  one  ear  than  with  the  otner.  This  condition  is  called  dipUcuats  bit 
auralis.  In  rare  coses  sudden  loss  of  the  perccixion  of  certain  tones  has  been  nbscr%cd,  r.  /., 
bBse-deafness  of   Moos.     In  a  case  described   by   Magnus,  the  tones  di,bl,  were  not 

II.  Perception  of  the  Intenaity  of  Tone. — The  intensity  of  a  tone  depends  upon  the  a* 
tude  cf  the  vibratiom  ui  ilie  !>uunuing  budy.  The  intensity  of  the  tone  is  pruponiouoJ  to  the  square 
of  the  amplitude  of  vibrotion  of  the  sounding  body,  i,  e.,  with  2,  3,  or  4  times  the  amplitude  the 
intensity  of  the  tone  is  4,  9,  16  times  as  strong.  As  sonorous  vibraUuns  are  communicated  to 
ears  by  the  wave  movements  of  the  air,  it  is  evident  that  the  tones  must  ticcume  less  and  Icsaii 
the  further  we  are  from  the  source  of  the  sound,  llie  intensity  of  the  sound  is  inversely 
tional  to  the  aciuare  of  the  distance  of  the  source  of  the  sound  Irom  the  ear. 

Tests. — I.  Place  a  watch  boiizontally  near  the  ear,  and  test  huw  close  it  may  be  bttnighi  to  the 
ear,  and  also  how  far  It  may  ht.  removed,  and  still  Its  sounds  be  heard.  Measure  the  distance,  t. 
Ilard  uses  a  small  hammer  suspended  like  a  pendulum,  and  allowe^l  to  fall  U{X>q  a  hard  surCuc  y 
Balls  of  different  weights  are  allowed  to  fall  from  varying  heights  upon  a  plate.  In  this  case  the 
iniensity  of  the  sound  is  proportional  to  the  product  of  the  weight  of  the  ball  into  the  height  a 
falls. 

As  to  the  limits  of  the  perception  of  the  intensity  of  a  tone,  it  is  foond  that  a  sphemle 
I  milligram,  and  falling  from  a  height  of  i  mm.  upon  a  glass  plate,  is  heard  at  a  dtstaacc  of  5^001* 
timetrcs  {S<hafh(iuU). 

415.  PERCEPTION  OF  QUALITY— ANALYSIS  OF  VOWBLS.-By  the  term 
quality  ["  KlAngfarlie  "),  muiiml  lolor  or  timbrt,  is  undersomd  a  peculiar  charactet  of  ilic  t<>nc, 
by  which  it  can  he  distinguished  apart  from  its  pitch  and  intensity.  Thus,  a  flute,  horn,  viohn, 
the  humno  voice  may  all  sound  the  same  note  with  equal  iiitens>ty,  and  yet  all  the  four  are 
guished  at  once  by  their  specific  quahty.  Wherein  lies  the  essence  (**  Watn  ")  of  looe  colof  t 
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investigations  of  t.  Helmholiz  have  proved  thst,  among  mechantnns  which  produce  tones,  only 
thoK  that  produce  pcndulum-like  vibrations,  /.  €.,  the  tu-and  Tro  vibrations  of  a  mctAilic  rod  with 
one  end  fixed,  and  tuning-forks,  execute  simple  pendulum-like  vibrations.  Tbib  can  be  shown  by 
making  a  tuning-fork  write  off  its  vibrations  on  a.  recording  surface,  when  a  completely  uniform 
wave  line,  with  ci]ual  elevations  and  depressions,  is  noted.  The  term  "  tone  "  is  rc&irictcd  to  tliuse 
soumls,  hardly  ever  occurring  in  nature,  which  arc  due  to  simple  pendulum  like  vibrations.  Other 
investigations  have  shown  that  the  tones  of  musical  instruments  and  of  the  human  voice,  all  of 
which  bavc  a  characteristic  quality  of  their  own,  are  composed  of  many  single  simple  tones.  Among 
these  ottf  is  chanicteriied  by  its  intensity,  and  ai  the  same  time  it  determines  the  pilch  of  the  whole 
compound  musical  "tone-picture."  This  is  called  the  funda,mental  tone  or  key-note.  The  other 
weaker  tones  which,  as  it  were,  spring  frum  and  are  mingled  with  this,  vary  in  dilfcrent  instruments 
both  in  intensity  and  number,  '["hey  arc  "  upper  tones,"  and  their  vibrations  are  always  some 
multiple — 2,  3.  4.  5  ...  ■  times— of  the  fundamental  tone  or  key-note.  In  general,  we  say  that  all 
those  outbursts  of  *H3und  which  embrace  numerous  strong  upper  tones,  cspLcially  of  high  pitch,  in 
addition  to  the  fundamental  lone,  arc  characterized  by  a  sharp,  piercing,  and  rough  quality,  such  as 
emanate^  from  a  tiumpct  or  clarionet,  and  that  conversely  the  tjuality  is  charactenzed  by  mildness 
and  softness  when  the  over-ioncs  are  few,  teeblc,  and  low,  e.  g.,  such  as  are  produced  by  the  flute. 
It  recjuires  a  well  trained  musical  ear  to  distinguish,  in  an  instrumental  burst,  the  over-tones  apart 
firom  the  fundamental  tone.  But  this  is  very  easily  done  with  the  aid  of  resonators  {Fig.  532). 
Tliese  consist  of  spherical  or  funncl-shaped  hollow  bodies,  made  of  bras.^  or  some  other  substance, 
which,  by  means  of  a  short  tube,  can  be  placed  in  the  outer  ear.  If  a  resonator  be  placed  in  the 
ear,  we  can  hear  the  feeblest  over-tone  of  the  same  number  of  vibrations  as  the  fundamctitnl  tune. 
Thus,  musical  in.sirumeniB  are  distinguished  by  the  number,  inien&iiy,  and  pitch  of  the  over  lonei 
which  they  produce.  A  vibrating  metallic  rod  and  a  tuning-  fork  have  no  over-tones ;  they  only  give 
the  fundamental  tone.  As  already  mentioned,  the  term  iimpU  tone  is  applied  to  sounds  due  to 
simple  pendutum-like  vibrations,  while  a  sound  composed  of  a  fundamental  tone  and  over-tones  is 
called  a  "  klang  "  or  comp&und  musical  tone. 

Vibration  Curve  of  a  Musical  Tone. — When  we  remember  thai  a  musical  tone  or  dang  con- 
sists uf  a  fundamental  tone  and  a  number  of  over- 
tones of  a  ccnain  intensity,  which  determine  its 
quality,  then  we  ought  to  Ik  able  to  construct 
geometrically  the  vibration  curve  of  the  musical 
tone.     Let  A  represent  ihc  vibration  cur\-e  of  the 
fundamental  tone,  and  B  that  of  the  first  moder. 
atcly  weak  overtone  (Fig.  529)-     The  combina- 
tion of  these  two  curve*  is  obtained  simply  by       A 
computing  the  height  of  the  ordlnates,  whereby         . 
the  orcUnatcs  of  the  overtone  curve,  lying  aliovc 
the  abscissa  or  horizontal   line,  are  added  to  the 
fundamental  tone  curve,  while  those  of  the  ordi- 
natcs  bcluw  the  line  arc  subtracted  from  it.    Thus      | 
we  obtain  the  curve  C.  which  is  not  a  simple  pen- 
dulnm-like  curve,  but  one  which  corresponds  to 
an    uHiUiidy  movement.     A    new    curve   of  the 
second  over  tone  may  be  added  to  C,  and  so  on. 
The  result  of  all  these  combinations  is  that  the      « 
vibration  curves  corrcspondmg  to  the  contpouod 
musical  tones  arc  uHiteady  periodic  curves.     All 

these  curves  must,  of  course,  vary  with  the  number  \N 

and  pitch  of  the  compuundcil  over  lone  cur^'es.  - 

Displacement  of  the  Phases.— The  form  of  Curvei  of  a  miulcal  tone  obtained  by  compwrding  the 
the  vibration  of  one  and  the  same  musical  lone  curv«  of  &fujui«in«nul  tone  with  that  of  lu  over-tones. 
may  vary  greatly,  if,  in  compounding  the  curves 

A  and  U,  the  curve  It  in  only  slightly  disjilaced  laterally.  If  B  is  displaced  so  that  the  hollow  of 
the  wave  r  falls  under  A,  the  addition  of  both  corves  yields  the  curve  /-,  r,  r,  with  small  elevations 
and  broad  valleys.  If  B  be  displaced  still  further,  until  the  elevation  of  the  wave.  ^,  coincides 
with  A,  we  ut>iam  still  another  form,  so  that  by  dispbccment  of  \\\t  phases  of  the  wave  motions  of 
the  Compounded  pcnduluiu-ltke  vibrations,  we  obtain  numerous  different  forms  of  the  same  musical 
tone,     'i  he  displactrmcni  of  the  phases,  however,  has  no  effect  on  the  ear. 

The  general  result  of  these  observations,  and  those  of  Fourier,  is  that  the  quality  of  a  musical 
tone  depends  ujKin  the  characteristic  form  of  the  vibratory  movement. 

Analysis  of  Vowels. — The  human  voice  represents  a  reed  instrument  with  vibrating  elastic 
membranes,  the  wocal  cords  {\  312).  In  uttering  the  various  vowels  the  mouth  assumes  a  charac- 
teristic form,  so  thai  its  cavity  has  a  certain  fundamental  tone  peculiar  to  itself.  Thus,  to  the  funda- 
tnental  tone  of  a  certain  pitch  produced  within  the  larynx,  there  arc  added  certain  over-tones,  which 
communicate  to  the  lainygeal  tone  the  vocal  or  vowel  quality.  Hence,  a  vowel  is  the  timbre  or 
quality  of  a  musical  (one  which  is  ptoduced  in  the  larynx,     llie  quality  depends  upon  the  Dumbcri 
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inteniity,  and  pitch  of  the  overionH,  and  the  latter,  again,  depend  oo  the  oonB^n ration  of  ikt 
'•  vocal  cavity  '•  (J  317)  in  uttering  the  Jiffirrem  vowels. 

Suppose  a  penon  to  sing  the  vowels  one  after  the  other  on  a  special  note,  r.g.,  b  (F,  we  can,  with 
the  aid  of  resonators,  determine  the  over-tones,  and  in  what  inleobity  they  are  mixed  with  the  fun- 
damental  tone,  b  \z,  to  give  the  characteristic  quality.  According  to  v.  Ilelmholtr,  when  we  touai 
the  voweli  on  b  B,  for  each  of  the  three  vowels,  cnr  over  tone  is  specially  characteristic  for  A-^  ^ ; 
for  0-4>itZ:  for  U-f.  The  other  vowels  and  the  diphthongs  have  each  /it\*  specially  choractCffBtx 
over-tones,  l>ecause  in  these  cosei  the  mouth  is  so  shaped  that  the  posterior  larger  cavity,  and  ainc 
the  anterior  narrower  part,  each  yields  a  special  lone  (}  316, 1  and  £).  These  two  over  tones  arc 
for  E-B"'  b  and  f ' ;  for  l-d'*  and  f ;  for  A-g'"  and  d";  for  6-c'"  J  and  f ' ;  for  U-g"'  and  f,  Tbeu, 
however,  ore  only  the  special  Uf^>cr  tones.  There  are  many  more  upper  tones,  but  tbey  ore  not  so 
prominent. 

Artificial  Vowels. — Ju.st  as  it  is  possible  to  analyze  a  vowel  into  iu  fandamenlol  tone  and  III 
upper  ti.nei,  it  is  possible  to  compound  tones  to  produce  the  vowels  by  sitnullatieously  touoding  ibc 
fundumcnlal  tone  and  the  corresponding  upper  times,     (i)  A  vowel  is  produced  simply  by  ai^fiaf 

Esk  vowel,  e.^'-..  A,  upon  a  certain  note  ayainst  the  free  strings  of  an  open  piano,  while  by  the 
the  damper  is  kept  raised.  As  mod  as  we  stop  unging.  the  characteristic  vowel  is  sounded 
strings  of  the  piano.     The  voice  sets  into  .sympathetic  vibration  all  those  strings  whole  ovcr- 
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tones  (in  addition  to  the  fundamental  tone)  occur  in  the  vocal  compound  lone,  so  that  they  fibnie 
for  a  time  after  the  voice  ceases  {v.  Hdmholn),  (2)  The  vowel  a[ipantus  devise<l  by  v.  Helm- 
holti  consists  of  numerous  tuning-forlcs,  which  are  kept  vibrating  l^  means  of  elearo- magnets. 
The  lowest  tuning-fork  cives  tlic  fundamental  tone,  B  2  and  the  others  the  over-tones.  A  resonator 
is  placed  in  front  of  each  tuning-fork,  and  the  distance  between  the  two  can  be  varied  at  pleastire. 
The  resonators  can  be  opened  and  closed  by  a  lid  passing  in  front  of  their  openmgs.  When  the 
resonator  is  clo-ud,  we  cannui  hear  the  tone  emitted  by  the  tunrng-fork  placed  in  front  of  \x.\  balj 
when  one  or  more  resonators  are  opened  the  tone  is  heard  dirtioctly,  and  it  is  louder  ibe  more 
resonator  is  opened.  Uy  means  of  a  series  of  keys,  like  the  keys  of  a  piano  forte,  we  coo  tmf 
open  and  close  the  resonators  at  will,  and  thus  combine  various  over  tones  with  the  fundomei 
tone  so  as  to  produce  vowels  with  different  qunlities.  V.  Hclmhultz  makes  the  following  co«pu—  , 
tioDSt— U  =  B  fe  with  b  i?  weak  and  f ' ;  O  =  damped  B  fe  with  b'  t?  strong  and  weaker  b  2.  f  % 
d";  A  =  b  b  (fundamenul  tone)  with  moderately  strung  b'  K  and  f ",  and  strong  b'*  i  and  d**'; 
A  =  b  fs  (fundamental  tone )  with  b'  j;  and  f  ",  somewhat  stronger  than  for  A.  d'  strong,  b**  j?  w( 
d*"and  f>"  as  strong  as  possible;  E  —  b  ^  (as  fundamental  tone)  moderately  ftroog,  with  b' 
and  f '  moderate  also,  and  f".  a'"  [?,  and  b">  t^,  as  strong  as  possible;  t  could  not  be  prodnecdi 


LABYRINTH 


HEARING. 


In  Appunn's  apparatas,  the  fundsmental  tone  and  the  over-tones  are  produced  by  meflnn  of 

_  m  pipes,  whose  noict  can  be  comhincd  to  produce  the  voweU,  but  it  is  not  so  good  a*  the  tuning- 
-forks, since  the  organ  pipes  do  not  yield  simple  tones;  bm,  nevertheless,  some  of  the  vowels  can 
be  admirably  reproduced  with  this  apparatus. 

Bdison's  Pbono^aph.— If  we  utter  the  vowels  a(;nin!(t  a  delicate  membrane  stretched  over  the 
end  of  a  hoUoM-  cylinder,  and  if  a  writing  style  be  Axed  lo  the  centre  of  the  membrane,  and  the 
style  be  so  arranged  that  it  can  write  or  record  its  movcnwnls  on  a  piece  of  vift  tinfoil  arranged  on 
a  revolving  appatatu*,  then  the  vowel  curve  is  stampetl,  as  it  were,  U(>on  the  tinfod.  If  the  Klyle 
now  be  made  lo  touch  the  tinfoil  while  the  latter  is  moved,  then  the  style  is  moved ;  it  moves  the 
mcmHranc,  and  we  hear  Uistincilv,  by  resonance,  the  vowel  sound  reproduced. 

[Koenig'a  Manomctric  Flames. — This  is  a  most  ingenious  apparatus,  and  by  means  of  it  the 
quality  of  the  vowel  sounds  is  easily  shown.  It  consists  of  a  small  wootlcn  cai>sulc.  A,  divided 
into  two  compartments  by  a  piece  of  thin  sheet  India-rubber.  Ordinary  gas  passes  into  the  chamber 
on  one  side  of  the  membrane,  through  the  siop-cock,  and  it  is  lighted  at  a  small  burner.  To  the 
other  compartment  is  attached  a  wider  tube,  with  a  mouth  piece.  The  whole  is  tixcd  on  a  stand 
(Fig,  530),  and  near  U  is  placed  a  four-sirled  rotating  mirror,  M,  as  suggested  by  Wheatstone,  On 
speaking  or  singing  a  vowel  into  the  mumh  piece,  and  rotating  the  mirror,  a  toothed  or  zigzag  Aame 
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picture  is  obtained  In  the  mirror.  The  torm  of  the  flame  picture  is  characteristic  fur  each  vowel, 
and  varies,  of  countc,  with  the  pitch.]  [Fig.  5jl  shows  the  form  of  the  flame  picture  obtained  in 
the  rotating  mirror  when  the  vowels  ot;,  u,  A,  are  sung  at  the  pitch  uf  w/,,  ioi^  and  uij^.  This 
series  shown  how  they  differ  in  quality] 

[Kuciiig  has  also  invented  the  apparatus  (Fig.  532)  for  analyzing  any  compound  tone  whose 
fundamental  tone  is  UT,.  It  consists  of  a  scries  of  rcscm.-itors,  from  LfTj  lo  UT^,  tixed  in  an  iron 
frame.  Each  resonator  is  connected  with  its  special  flame,  which  is  pictured  in  a  long,  narrow, 
square,  rotating  mirror.  If  a  tuning-fork  IT,  l>e  sounded,  only  the  tlatnc  u  r^  is  affected,  and  so 
on  with  each  tuning-fork  of  the  harmonic  series.  Supjxvse  a  compound  note  contnining  the  fumla- 
mental  tone  itTj,  and  its  harmonics  be  sounded,  then  the  flame  of  ut,,  and  those  of  the  other  har- 
monics in  the  note  are  also  affected,  so  that  the  tone  can  be  analyzed  optically.  The  ume  may  be 
done  with  the  vowels.] 

416.  ACTION  OF  THE  LABYRINTH  DURING  HEARING.— 

If  we  ask  what  role  the  ear  plays  in  the  perception  of  the  quality  of  sonnds,  then 
re  must  as.sume  that,  just  as  with  the  help  of  resonators  a  mtisiral  note  can  be 
53 


834 


ACTION   OF  THE    LABYRINTH    DURING    HEARING. 


resolved  into  its  fundamental  tone  and  over-tones,  so  the  ear  is  capable  of  per- 
forming such  an  analysis.  The  ear  resolves  the  complicated  wave  forms  of  mu- 
sical tones  into  their  components.  These  components  it  perceives  as  tones  h&rmo- 
nious  with  each  other;  with  marked  attention  each  is  perceived  singly,  so  thai 
the  ear  distinguishes  as  different  tone  colors  only  different  combinations  of  these 
simple  tone  sensations.  The  resolution  of  complex  vibrations,  due  to  quality,  into 
simple  i>cndulum-like  vibrations  is  a  characteristic  function  of  the  ear.  What 
apparatus  in  the  car  Is  ca])able  of  doing  this?  If  we  sing  vigorously — e.g.t  the 
musical  vowel  A  on  a  definite  note,  say  b  fe — against  the  strings  of  an  open  piano- 
forte while  the  damper  is  raised,  then  we  causcall  those  strings,  and  cnfy  those,  to 
vibrate  sympathetically,  which  are  contained  in  the  vowel  so  sung.     Wc  roust, 
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therefore,  assume  that  an  analogous  sympathetic  apparatus  occurs  in  the  ear,  which 
is  tuned,  as  it  were,  for  different  pitches,  and  which  will  vibrate  sympathetically 
like  the  strings  of  a  piano-forte.  '*  If  we  could  so  connect  every  string  of  a  piano 
with  a  nerve  fibre  that  the  ncr\e  fibre  would  be  excited  and  perceived  as  often  as 
the  string  vibrated,  then,  as  is  actually  the  case  in  the  ear,  every  musical  tone 
which  affected  the  instmment  would  excite  a  series  of  sensations  exactly  corre- 
sponding to  the  pendulum>likc  vibrations  into  which  the  original  movements  of 
the  air  can  be  resolved  ;  and  thus  the  existence  of  each  individual  over-tone 
would  be  exactly  perceived,  as  is  actually  the  case  with  the  ear.  The  pcrccptioD 
of  tones  of  different  pitch  would,  under  these  circumstances,  depend  upon  dif- 
ferent  ner\-e  fibres,  and  hence  would  occur  quite  independently  of  each  other. 
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licroscopic  investigation  shows  that  there  are  somewhat  similar  structures  in  the 
ear.  The  free  ends  of  all  the  nerve  fibres  arc  connected  with  small  elastic  par- 
ticles, which  we  must  assume  are  set  into  sympathetic  vibration  by  the  sound 
waves"  (7'.  Heimholtz). 

Resolution  by  the  Cochlea. — Formerly,  v.  Helmholtz  considered  the  rods 
of  Corti  to  be  the  apparatus  that  vibrated  and  stimulated  the  terminations  of 
the  nerves.  But,  as  birds  and  amphibians,  which  certainly  can  distinguish 
musical  tones,  have  no  rods  (Hasse)^  the  str^ichid  radial  fibres  of  the  membrana 
basiiaris,  on  which  the  organ  of  Corti  is  placed,  and  which  are  shortest  in  the  first 
turn  of  the  cochlea,  becoming  longer  toward  the  apex  of  the  cochlea,  are  now 
regarded  as  the  vibrating  threads  {Hemen).  Thus,  a  string-like  fibre  of  the  mem- 
brana basilaris,  which  is  capable  of  vibrating,  corresponds  to  every  possible 
simple  tone.  According  to  Hensen,  the  hairs  of  the  labyrinth,  which  arc  of 
unequal  length,  may  serve  this  purpose.  Destruction  of  the  apex  of  the  cochlea 
causes  deafness  to  deeper  tones  {Haginsky}. 

[Henscn's  Experinients. — That  the  hairs  in  connection  with  the  hair  cells 
vibrate  to  a  ijarticular  note  is  also  rendered  probable  by  the  experiments  of  Hensen 
on  the  crustacean  Mysis.  He  found  that  certain  of  the  minute  hairs  (auditory 
hairs)  in  the  auditory  organ  of  this  animal,  situate  at  the  base  of  the  antennae, 
vihrated  when  certain  tones  were  sounded  on  a  keyed  horn.  The  movements  of 
the  hairs  were  observed  by  a  low-power  microscope.  In  mammals,  however,  there 
is  a  difficulty,  as  the  hairs  attached  to  the  cells  appear  to  be  all  about  the  same 
length.     We  must  not  forget  that  the  perception  of  sound  is  a  mental  act.] 

This  assumption  also  explains  the  perception  of  noises. 

Of  noise.s  in  the  strictly  physical  sense,  it  is  assumed  that  they,  like  single 
impulses,  are  perceived  by  the  aid  oi  the  saccules  and  the  ampul  Ise. 

It  is  assumed  that  the  saccules  and  the  ampul  Ins  are  concerned  in  the  general 
perception  of  hearing, /■.^.,  of  shocks  communicated  to  the  auditory  nerve  (by 
impulses  and  noises)  ;  while  by  the  cochlea  we  estimate  the  pitch  and  depth  of 
the  vibrations,  and  musical  character  of  the  vibrations  produced  by  tones. 

The  relation  of  the  semicircular  canals  to  the  equilibrium  of  the  body  is 
referred  to  in  §  350. 

417.  SIMULTANEOUS  ACTION  OF  TWO  TONES— HAR- 
MONY—BEATS -DISCORDS— DIFFERENTIAL    TONES.— 

When  two  tones  of  di(Ten.'ni  pitch  fall  upon  the  ear  simultaneously,  they  cause 
different  sensations,  according  to  the  diflference  in  pitch. 

I.  Consonance. — If  the  number  of  vibrations  of  the  two  tones  is  in  the  ratio 
of  simple  multiples,  as  i  :  2  :  3  :  4,  so  that  when  the  low  note  makes  one  vibra- 
tion the  higher  one  makes  2  :  3  or  4  ...  .  then  we  experience  a  sensation  of  com- 
plete harmony  or  concord. 

a.  Interference, — If,  however,  the  two  tones  do  not  stand  to  each  other  in 
the  relation  of  simple  multiples,  then  when  both  tones  are  sounded  simultaneously 
interference  takes  place.  The  hollows  of  the  one  sound  wave  can  no  longer  coin- 
cide with  the  hollows  of  the  other,  and  the  crests  with  the  crests,  but,  corre- 
sponding to  the  difference  of  number  of  vibrations  of  both  curves,  sometimes  a 
wave  crest  must  coincide  with  a  wave  hollow.  Hence,  when  wave  crest  meets 
wave  crest,  there  must  be  an  increase  in  the  strength  of  the  tone,  and  when  a 
hollow  coincides  with  a  crest,  the  suund  must  be  weakened.  Thus  we  obtain 
the  impression  of  those  variations  in  tone  intensity  which  have  been  called 
"beats." 

The  number  of  vibrations  is,  of  course,  always  equal  to  the  (lifTercnce  of  tlic  numl«r  of  vibrations 
of  both  tones,  llic  beats  are  perceived  most  distinctly  when  two  organ  (ones  of  low  pitch  ore 
sounded  together  in  unison,  but  slightly  out  of  tune.  Suppose  we  take  two  organ  pipes  with  33 
vibrations  per  second,  and  »d  alter  one  pipe  that  it  gives  34  vibrations  per  second,  then  one  distinct 
beat  will  be  heard  every  second.  The  beats  arc  heard  more  frequently  the  greater  the  difference 
between  the  number  of  vibrations  of  the  two  tones. 
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Successive  Beats. — The  beats,  however,  produce  very  different  impressions 

upon  the  ear,  according  to  the  rapidity  with  which  they  succeed  each  other. 

I,  Isolated  Beats. — When  they  occur  at  long  intervals,  we  may  perceive  ihero 
as  completely  isolated,  but  single  intensifications  of  the  sound  with  subsequent 
enfeeblement,  so  that  they  give  rise  lo  the  impression  of  isolaUii  beats. 

a.  Dissonance. — When  the  beats  occur  more  rapidly  they  cause  a  continuoot 
disagreeable  whirring  impression,  which  is  spoken  of  as  tfissunartce,  or  an  unhar- 
monious  sensation.  The  greatest  degree  of  unpleasant  painful  dissonance  occurs 
when  there  are  t,2>  beats  per  second. 

3.  Harmony, — If  the  beats  take  place  more  rapidly  than  33  times  per  second, 
the  sensation  of  dissonance  gradually  diminishes,  and  it  does  so  the  more  rapidly 
the  beats  occur.  The  sensation  i>asses  gradually  from  moderately  inharmonious 
relations  (which  in  music  have  to  be  resolved  by  certain  laws)  toward  consonance 
or  harmony.  The  tone  relations  are  successively  the  Second.  Seventh,  Mioor 
Third,  Minor  Sixth,  Major  Third,  Major  Sixth,  Fourth,  and  Filth. 

4.  Action  of  the  Musical  Tones  ("AV(?«'^c"). — Two  musical  "klangi," 
or  compound  tones,  falling  on  the  ear  simultaneously,  produce  a  result  similar  to 
that  of  two  simple  tones;  but  in  this  case  we  have  to  deal  not  only  with  the  two 
fundamental  tones,  but  also  with  the  over-tones.  Hence  the  degree  of  dis»onancc 
of  two  musical  tones  is  the  more  pronounced  the  more  the  fundamental  tones  and 
the  over-tones  land  the  "differential  "  tones)  produce  beats  which  number  about 
33  ]>er  second. 

5.  Differential  Tones. — Lastly,  two  "  klangs,"  or  two  simple  musical  tones 
sounding  simultaneously,  may  give  rise  to  new  tones  when  they  are  uniformly  and 
simultaneously  sounding  in  corresponding  intensity.  We  can  hear,  if  wc  listen 
attentively,  a  third  new  tone,  whose  number  of  vibrations  corresponds  to  the  dif- 
ference between  the  two  primary  tones,  and  hence  it  is  called  a  **^  differential 
toner 

Summational  Tones. — It  was  foraterly  supposed  that  new  tones  coold  arise  froin  the  Nimmftitnn 
or  a<idition  of  tlieir  nkiinbcr  of  vibmliuns.  tdit  it  has  been  shown  that  lhc«e  tones  arc,  m  realiir, 
dilTerential  tones  of  a  high  order  [A/>puttn,  Preyer). 

418.  PERCEPTION  OF  SOUND— FATIGUE  OF  THE  EAR- 
OBJECTIVE  AND  SUBJECTIVE  AUDITION-AFTER  SEN- 
SATION.— Objective  Auditory  Perceptions. — When  the  stimulation  of 
the  terminations  of  the  nerves  of  the  labyrinth  is  referred  to  the  outer  world, 
then  wc  have  ohjeetive  auditory  perceptions.  Such  stimulations  are  only  referred 
to  the  outer  world  as  are  conveyed  lo  the  membrana  tym]»ani  by  vibrations  of  the 
air,  as  is  shown  by  the  fact  that  if  the  head  be  immersed  in  water,  and  the  atidt- 
tory  meatuses  t^je  fdled  thereby,  we  hear  all  the  vibrations  as  if  they  occurred 
withm  our  head  itself  {^Ed.  VVeber)^  and  the  same  is  the  case  with  our  own  vijice, 
as  well  as  with  the  sound  waves  conducted  through  the  bones  of  the  head,  when 
both  ears  are  firmly  plugged. 

Perception  of  Direction. — As  to  the  perception  of  the  direction  whence 
sound  comes,  we  obtain  some  information  from  the  relation  of  both  meatuses  to 
the  source  of  the  sound,  especially  if  we  turn  the  head  in  the  supposed  direction  of 
the  ^und.  We  distinguish  more  easily  the  direction  from  which  noises  muted 
with  musical  tones  come  than  that  of  tones  {Rayieigk).  When  both  ears  arc 
stimulated  equally,  we  refer  the  source  of  the  sound  to  the  middle  line  anteriorly, 
but  when  one  ear  is  stimulated  more  strongly  than  the  other,  we  refer  the  sourre 
of  the  sound  more  to  one  side  [Kessei).  The  position  of  the  ear  muscles,  which, 
perhajK,  act  like  an  ear  funnel,  is  imix)rtant.  According  to  Kd.  Wctier.  it  is 
mure  difficult  to  determine  the  direction  of  sound  when  the  ear^  are  firmly  fixed 
to  the  side  of  the  head.  Further,  if  we  place  the  hollow  of  both  hands  in  front 
of  the  ear,  as  to  form  an  open  cavity  behind  them,  we  arc  apt  to  suppose  Ihal  a 
soundmg  body  placed  in  front  is  behind  us. 
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The  distance  of  a  sound  is  judged  of  partly  by  the  iniemity  or  loudness  of  the 
sound,  such  as  we  have  learned  to  estimate  from  sound  at  a  known  distance.  But 
still  we  are  subject  to  many  misconceptions  in  this  respect. 

Amonj;  subjective  auditory  sensations  are  the  after  vibrations,  especially  of  intense  and 
continued  musical  tnnes ;  the  tinnitus  aurium  (p  637),  which  often  accompanies  abnormal  move- 
ments of  the  blood  tn  the  ear,  may  he  due  to  a  mechanical  stimulation  of  the  auditory  fibres,  pcrhapt 
by  the  blood  stream  {Brtnner]. 

[Drugs. — Cannat))^  indica  seems  to  act  on  the  hearing  centre,  giving  rise  to  subjective  sounds; 
the  hearing  is  rendered  more  acute  by  strychnin ;  w  hile  quinine  and  sodic  salicylate  in  large  doaex 
cause  rin^ng  in  the  ears  {BruHfon)J\ 

Entotical  perceptions,  which  are  due  to  causes  within  the  ear  itself,  arc  such  as  hearing  the 
pulse  beats  in  the  surrounding  arteries,  and  the  rushing  sound  of  the  blood,  which  is  espcciall}' strong 
when  there  is  increased  rcsonaace  of  the  ear  (as  M'hen  the  meatus  or  tympanum  is  closed,  or  when 
fluid  accumulates  in  the  laner),  during  increased  cardiac  action,  or  in  hy[>era'Hhcsia  of  the  auditory 
nerve  {Brenner).  Sometimes  there  is  a  cracking  noise  in  the  roatillary  articulation,  the  noise  pro- 
duced tiy  iracliom  of  the  muscles  on  the  Eustachian  tutie  {\  41 1 ),  and  when  air  is  forced  into  the 
latter,  or  when  the  membrana  lympani  is  forced  outward  or  inward  (§  350). 

Fatigue. — The  ear  after  a  time  becomes  fatigued,  either  for  one  lone  or  for  a  series  of  tones 
which  have  acted  on  it,  wSilc  the  perceptive  nctivity  is  not  affected  for  other  tones.  Complete  re- 
covery. Iwwever,  takes  pl.icc  in  a  few  second?*  (  VrhaMtsthituh). 

Auditory  After  Sensations. — ( i )  Tho^c  that  correspond  to  potUivt  after  scnsatioos,  where  the 
after  sensatiun  is  m)  closely  connected  with  the  origina!  tone  that  both  appear  to  be  continuous.  (2) 
There  arc  someafier  senutions,  where  a  p.'iuse  intervenes  between  the  end  of  the  objective  and  the 
beginning  of  the  subjective  tone  {Urbanisckitich').  (3)  There  seems  to  be  a  form  corresponding  to 
ne^iUive  after  imaccs. 

[n  some  persons  the  perception  of  a  tone  is  accompanied  by  the  subjective  colors,  or  the  sensation 
of  light,  e.^.,  the  sound  of  a  trumpet,  accompanied  by  the  sensation  of  yellow.  More  seldom  are 
visu^  sensations  of  this  kind  observed  when  the  nerves  of  taste,  smell,  or  touch  arc  excited  [A'hss- 
banner,  Lfhmann  atui  BleuUr).  It  is  more  common  to  iinii  that  an  intense  sharp  sound  is  accom- 
panied by  an  associated  sensation  of  the  sensory  nerves.  Thus  many  people  experience  a  cold  shud- 
der when  a  slate  pencil  is  drawn  in  a  peculiar  manner  across  a  slate. 

[Color  Associations. — Color  is  in  some  persons  instantaneously  associated  with  sound,  and  Gal- 
ton  remarktt  that  it  is  rather  common  in  children,  although  in  an  ill-developed  degree,  and  the  ten< 
dency  seems  tu  be  very  hereditary.  Sometimes  a  particular  color  is  associated  with  a  |janicuJar 
letter,  vowel  sounds  particularly  cvoUing  colors.  Galton  has  given  colored  representations  of  these 
color  anoctaliom,  and  he  points  out  ihcir  relation  to  what  he  calls  number  forans,  or  the  associa- 
tion of  certain  forms  with  certain  numbers.] 

An  auditory  impulse  communicated  to  one  ear  at  the  same  time  often  causes  an  increase  In  the 
auditory  function  of  the  other  car,  in  conse<{uence  of  the  stimulation  of  the  auditory  centres  of  both 
sides  {Urban tich it sch,  Eitelber)^). 

Other  Stimuli. — The  auditory  apparatus,  besides  being  excited  by  sound  waves,  is  also  affected 
by  heterologous  stimuli.  It  i^  stimulated  meehanicaliy  by  a  sudden  blow  on  the  ear.  The  cfTects 
oi  electricity  and  pathological  conditions  are  referred  to  In  \  350. 

419.  COMPARATIVE— HISTORICAL.— The  lowest  fishes,  the  cyclostomata  (Petromy- 
ton),  have  a  saccule  provided  with  auditory  hairs  containing  otoliths,  and  communicating  with  two 
semicircular  cannls,  while  the  myxinoids  have  only  one  semicircular  canal.  Most  of  the  other  fjshes, 
however,  have  a  utricle  communicating  with  three  semicircular  canals.  In  the  carp,  prolongations 
of  the  labyrinth  communicate  with  the  swimming  bladder.  In  amphibia,  the  structure  of  the  laby- 
rinth is  somewhat  like  that  in  6shes.  but  the  cocolea  is  not  typically  developed.  Most  amphibia, 
except  the  frog,  are  devoid  of  a  membrani  tympani.  Only  the  fenestra  ovalis  (not  the  rotunda)  ex- 
ists, and  It  is  connected  in  the  frog  by  three  ossicles  with  the  freely  exposed  membrana  tympani. 
Among  reptiles  the  appendix  to  the  saccule,  corresponding  to  the  cochlea,  begins  to  be  prominent. 
In  the  tortoise  it  b  saccular,  but  in  the  crocodiles  it  is  longer,  and  somewhat  curved  anti  dilated  at 
the  end.  In  all  reptiles  the  fencMra  rotunda  is  developed,  whereby  the  cochlea  is  connected  with 
the  labyrinth.  In  crocodiles  and  birds  the  cochlea  is  divided  into  a  scala  vestiUnh  and  S.  tympani. 
Snakes  arc  devoid  of  a  tympanic  cavity.  In  birds  both  saccules  (Fig.  524.  IV',  U  S')  are  united 
(//<««).  the  canal  of  the  cochlea  { U  C),  which  is  connected  by  means  of  a  fine  tul)e  f  C).  with  the 
saccule,  if.  larger,  and  shows  indications  of  a  spiral  arrangement,  and  has  a  (lask-tike  blind  end,  the 
lagena  (I-).  The  auditory  ossicles  in  reptile^  and  birds  arc  reduced  to  one  column-like  rod,  corre- 
s^woding  to  the  stapes,  and  called  the  columelU.  The  lowest  mammals  (Echidna)  have  struc- 
tures very  like  those  of  birds,  while  the  higher  mammals  have  the  same  type  as  in  man  (Kig.  524, 
III).     The  Eustachian  tube  is  always  open  in  the  whale. 

Among  invertebrata  the  auditory  oi^n  is  very  simple  in  medusx  and  molluscs.  It  is  merely  a 
bladder  filled  with  ^uid,  with  the  auditory  ner\es  provided  vi  ilh  ganglia  in  its  walls.  Hair  cells 
occur  in  the  interior,  provided  with  one  or  more  otuliths.      Hensen   oliservcd  that  in   some  of  the 
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annulosat  when  sonnd  was  conducted  into  the  water,  lome  of  the  anditoiy  bristles  ribfated,  facing 
adapted  for  special  tones.  In  cephalopoda  we  distinguish  the  first  differentiiuioo  into  a  membran- 
ous and  cartifi^nous  labjrrinth. 

Historical. — Empcdocles  (473  b.c)  referred  auditory  impressions  to  the  cochlea.  The  Hippo 
cratic  School  was  acquainted  with  the  tympanum,  and  Aristotle  (384  B.c)  with  the  Eustachian  tube. 
Vesalius  (1561)  described  the  tensor  tympani;  Cardanus  (1560^  the  conduction  through  the  boms 
of  the  head  ;  while  Fallopius  ( 1561 )  described  the  vestibule,  tne  semicircular  canals,  chorda  tym- 
pani, the  two  fcnestrse,  the  cochlea,  and  the  aqueduct.  Eostachius  (f  1570)  described  the  modio- 
lus, the  lamina  spiralis  of  the  cochlea,  the  Eustachian  tube,  as  well  as  the  muscles  of  the  car;  Plater 
the  ampulls  (1583)  ;  Casseri  (1600)  the  lamina  spiralis  membranacea.  Sylvius  (1667)  discovered 
the  ossicle  called  t^  his  name ;  Vesling  (1641)  the  s'^pedius.  Mersenne  (1618)  was  acqnainted 
with  over-tones;  Ganendus  (1658)  expenmented  on  the  conduction  of  sound.  Acoustics  was  greatly 
advanced  by  the  work  of  Chladni  (1802).  The  most  recent  and  largest  work  on  the  ear  in  veite- 
brates  is  by  G.  ReUius  (1881-84). 
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4ao.  STRUCTURE  OF  THE  ORGAN  OF  SMELL.— Regio  Olfactoria.— The  are* 
of  the  distriltuiioD  of  the  olfactory  nerve  ib  the  regio  olfactoria,  u-bich  embraces  the  upper  part  of 
the  Kpcum,  the  upper  (Fig.  534,  Cs),  and  part  nf  the  middle  (Cm\  turbinated  bime.  All  the  re- 
mainder of  the  nasal  cavuy  is  called  the  regio  respiratoria.  Tlicse  two  regions  are  disiingulKhed 
as  follows:  (i)  The  regio  olfactaria  hoA  a  thicker  mucous  membrane.  (2)  It  i^  covered  by  a  sin- 
gle layer  of  cylindrical  epithelium  ( Pig.  $}^,  E),  the  cells  being  often  branched  at  their  lower  ends, 
and  contain  a  yellow  or  brownish  red  pigment.  (3)  It  is  colored  by  this  pigment,  and  is  thereby 
distinguished  from  the  uncnlored  regio  respiratoria,  which  is  covered  hy  cilated  epithelium.  (4) 
It  contains  peculiar  tubular  glands  (Bowman's  glands),  while  the  rest  of  the  mucous  membrane 
contains  numerous  acinous  firrcnj  glands  1  vVrti/cw/zom).  (5)  Lastly,  the  regio  olfactoria  embraces 
the  end  organs  of  the  olfactory  nerve  (J/.  ScAul/se).  The  long,  narrow  olfactory  cells  (N)  are 
distributed  between  the  ordinary  cylindrical  epithelium  (E)  covering  the  rcgia  olfncloria.  The  body 
of  the  cell  is  spindle  shaped,  with  a  targe  nucleus  containing  nucleoli,  and  it  sends  upwani  between 
the  cylindrical  cells  a  narrow  (0.9  to  t.S  /<).  smooth  rod,  quite  up  to  the  free  surface  of  the  mucous 
mcmbraiie.     in  the  frog  (i>),  the  free  end  carries  delicate  projecting  hairs  or  Inislles.     In  the  deeper 
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FlO.  53}. — K,  oUiiClDry  cclU  (human):  ■.  from  the  fnig  :  E,  epilheimm  of  the  f«Rio  olfacioriA.  Fic.  514  — Nua)  and 
pAaryo)[o-Dasal  cavities.  L,  levator  ekvativa  ;  P,  //.,  plica  «alpingo-p^aiijia  ;  Ci,  Cm,  lV,  me  ibree  turbl- 
naleo  bonct  {Uriamti-htlttk), 

part  of  the  mucous  membrane  the  olfactory  celts  pa<is  into,  and  become  continuous  with,  vnricnse  line 
nerve  Abrcs,  which  pass  into  the  olfactory  nerve  (5  321,  I,  i).  According  to  C.  K.  MoTniann  and 
Exner,  after  section  of  the  olfactory  nerve  the  specific  olfactory  end  organs  become  changed  into 
cylindrical  epithelium  (frog),  and  in  warm  bhxxled  animals  they  undergo  fatly  degeneration,  even 
on  the  15th  day.  V.  Brunn  found  a  homogeneous  limiting  membrane,  which  had  holes  in  it  for 
transmitting  ihe  processes  of  the  olfactory  cells  only. 

[The  rc&piratory  pan  of  the  nasal  mucous  membrane  is  lined  by  ciliated  epithelium  stratified 
like  that  in  the  imchca  and  resting  on  a  basement  membrane.  Below  this  there  are  many  lymph 
corpuscles  and  aggregations  of  adenoid  tissue.] 

[The  organ  of  Jacobson  is  present  in  all  mammals,  and  consists  of  two  narrow  tubes  protected 
hy  cartilage,  and  pl.iccd  in  the  lower  and  anterior  part  of  the  nasai  septum.  I'lach  tube  Icrminates 
Mindly  behind,  but  anteriorly  it  opens  into  the  na^nl  furrow  or  into  the  nasopalatine  canal  (dog). 
The  wall  next  the  middle  line  is  covered  by  olfactory  epithelium,  and  receives  olfactory  ner>-cs 
(rabbit,  guinea  pig),  and  it  contains  glands  similar  to  those  of  the  olfactory  region;  the  outer  wall 

covered  by  columnar  epitheliiim  ciliated  in  some  animals  (A'/rfsi}.] 
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421.  OLFACTORY  SENSATIONS.— Olfactory  sensations  are  produced 
hy  the  action  of  gaseous  odorous  substances  being  brought  into  direct  contact 
with  the  olfactory  cells,  during  the  act  of  inspiration.  The  current  of  air  ii 
divided  by  the  anterior  projection  of  the  lowest  turbinated  bone,  so  that  a  part 
above  the  latter  is  conducted  to  the  regio  olfactoria.  Odorous  bodies  taken  into 
the  mouth  and  then  expired  through  the  {xisterior  nares  are  said  not  to  be  smelted 
iBiddtr). 

During  inspiration  the  air  streams  along  clone  to  the  septum,  while  liule  of  k  puftcs  through  the 
nii&a]  passages,  especially  the  superior  {Pauhen  ttmi  Exntr), 

The  yirVj/ moment  of  contact  between  the  odorous  body  and  the  olfactory  mucotw 
membrane  apjx'ars  to  be  the  time  when  the  sensation  takes  place,  as,  when  we 
wish  to  obtain  a  more  exact  perception,  we  jw/^ several  times,  ;.  c,  a  series  of 
rapid  inspirations  are  taken,  the  mouth  being  kept  closed.  During  sniffing,  the 
air  within  the  nasal  cavities  is  rarefied,  and  as  air  rushes  in  to  equilibrate  the 
pressure,  the  air  laden  with  oilorous  particles,  streams  over  the  olfactory  region. 
Odorous  fluids  are  said  not  to  give  rise  to  the  sensation  of  smell  when  they  are 
brought  into  direct  contact  with  the  olfactory  mucous  membrane,  as  by  j»ouring 
eau  dc  Cologne  into  the  nostrils  (  Tourtua/,  182^;  E.  H.  Webtr^  ^847).  This  is. 
perhaps,  due  to  the  action  of  the  fluid  on  the  olfactory  cells  paralyzing  them,  per- 
haps, owing  to  imbibition,  shriveling,  or  chemical  action.  Even  water  alone 
temporarily  affects  the  cells.  We  know  practically  nothing  about  the  nature  of 
the  action  of  odorous  bodies,  but  many  odorous  vapors  have  a  considerable  power 
of  absorbing  heat  {Tymia//). 

The  intensity  of  the  sensation  depi-nds  on — 1.  The  siee  of  the  olfactory 
surface,  as  animals  with  a  very  keen  sense  of  smell  are  found  to  have  complex 
turbinated  bones  covered  by  the  olfactory  mucous  membrane.  2.  The  concen- 
tration of  the  odorous  mixture  of  the  air.  Still,  some  substances  may  be  altcna- 
ated  enormously  {i,g.,  musk  to  the  two-millionth  of  a  niilligrain).  and  still  be 
smelled.  3.  The  frequency  of  the  conduction  of  the  vapor  to  the  olfactory  cclb 
(sniffing). 

[The  acutenesB  o^  the  sense  of  smell  is  greatly  improved  by  practice.  A  boy 
named  James  Mitchell,  who  was  deaf,  dumb,  and  blind,  used  his  sense  of  smelt, 
like  a  dog,  to  distinguish  persons  and  things.] 

EUctritat,  chtmieai,  or  M^rmn/ stimuli  do  not  give  ri&e  to  olfactory  sensations.  [Ahhaus  tbond 
that  electrical  sticnulation  of  the  olfactory  mucous  membrane  gave  rise  to  the  seiuaUon  of  the  mi«IL 
of  phosphorus,] 

The  variation!  are  referred  to  in  (  343.  If  the  two  nostrils  are  filled  with  dUJ^rcDt  odom» 
sulistanccs  there  is  no  mixture  of  the  odon,  bat  we  &mell  Mifnetimes  the  one  and  sumdnDet  the 
other  (  Val/ntin).  The  sense  of  imcll,  however,  is  very  soon  blunted,  or  even  {laralyzed.  Mor* 
phia,  whi:n  mixed  with  a  little  sugar  and  taken  as  snu^,  paralyzes  the  olfactory  ippftrUns,  while 
strychnin  make*  il  more  sfnsiiivc  \  LUhUHfds  and  Ftitkluk). 

The  sensory  nerves  of  the  nasal  mucous  membrane  {\  347,  II)  [t.  /.,  those  npplicd  from  the 
fifth  cranial  nerve]  are  stimulated  by  imtattng  vapors,  and  may  even  cause  pain,  r.^.,  ■miuaniaanil 
acetic  acid.  'In  a  very  diluted  condition,  ihey  may  e>^en  act  on  the  olfactory  nerves.  '1  be  iio*e  ti 
useful  as  a  sentinel  fcr  guarding  against  the  iniruduclion  of  di»agreeable  odon  and  fooda.  Hbe 
sense  of  smell  is  nidcd  by  the  sense  of  taste,  and  conversely. 

[Flavor  dc^wnds  un  the  sense  of  smell,  and,  to  lest  it,  use  subsuocea,  solid  or  fluid,  with  aa 
aroma  or  itoHifufi,  such  as  wine  or  roatf  beef.j 

[Method  of  TcBting. — In  doing  so.  avoid  thL-  use  of  pungent  substances  like  ammonia,  viiidi 
exciie  the  nfih  nerve.  U^e  wimc  of  the  ciseniial  volatile  oils,  such  as  clove*,  l>«r^*uK»t,  an«l  tlic  Icud 
gum  re>ins,or  musk  and  camphor.    Electrical  stimuli  are  not  available.    Action  of  Drugs,  \  343  ] 

Comparative. — In  the  lowest  vertebrata,  pits,  or  depressions  provided  with  an  olfactory  acrvc. 
represent  the  simplest  olfaaory  organ.  Amphioxui  and  the  cycl  wiomata  have  only  tme  olfaoon 
pit ;  all  other  vertebrates  have  two.  In  some  animals  (frog), the  nose  communicste*  with  the  mutua 
by  ducts.     The  olfactory  nerve  is  absent  in  the  whale. 

Historical.— Kufus  tlphesius  (97  a.d.)  described  the  passage  of  the  olfactory  nerve  thrangh  tbe 
ethmoid  bone.  Kudjus  (1600)  dissected  (he  Ixnly  of  a  man  with  congenital  anosmia,  in  whom  tbt 
olfactory  nerves  were  ab>ent.  Mogcndtc  originally  supposed  that  the  nasal  branch  of  tbe  hlUi  «H 
the  nerve  of  smeU,  a  view  successfully  combated  by  Eschricht. 
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4aa.  STRUCTURE  OF  THE  GUSTATORY  ORGANS.— Gusta- 
tory Region. — There  is  considerable  difference  of  ai)inion  as  to  what  regions  of 
the  mouth  are  endowed  with  taste  :  (i)  The  root  of  the  tongue  in  the  neighbor- 
liood  of  the  circumvaliaie  papillae,  the  area  of  distribution  of  the  glosso-pharyngeal 
nerve,  is  undoubtedly  endowed  with  taste  (§  351).  (2)  The  tip  and  margins  of 
the  tongue  are  gustatory,  but  there  are  very  considerable  variations  (  Urbanischiisch) . 
(3)  The  lateral  part  of  the  soft  palate  and  the  glosso-palatine  arch  are  endowed 
with  taste  from  the  glosso-pharyngeal  nerve.  (4)  It  is  uncertain  whether  the  hard 
palate  and  the  entrance  to  the  larynx  are  endowed  with  taste  {^Drielsmd).  The 
middle  of  the  tongue  is  not  gustatory. 

Taste  Bulbi. — The  end  orgmns  of  the  gustatory  ner\-e!>  are  the  taslc  buDis  discovered  liy 
Schwatlx:  and  Lov6n  {1867).  They  occur  on  tlie  Uieral  surfaces  of  the  circumvaliaie  papill.t*  (Fig. 
535>  ')•  ^^^  i>p«>n  the  np^msite  side,  K,  of  the  fosita  or  capillary  slit,  K  R,  which  inrrounds  ihe 


I,  TraiUvcTM  teciinn  of  a  circiimviillxte  papilla;  W,  (hr  pnpilU  :  t>f,  t>),  the  wall  iniiection:  R.  R,  the  clrcubr  «lit 
or  fus^  :  K,  K,  lite  ta>lc  hwWx  in  putitlnn  ;  N,  N,  ihe  iicrvm.  M,  I:«uliitci)  tu^lc  bulbk  ;  D,  ^iipporting  or  pro- 
lectivr  cdU  :  K,  unilrr  end  ,  E,  free  enil,  open,  with  (he  projrclmg  apic«t  of  the  taiie  cells.  Ill,  I^oIhIccI  pru- 
tective  cell  (d)  »ith  a  bwu  cell  («)■ 

central  eminence  or  papilli;  ihcy  occur  more  rarely  on  ibe  surface.  They  also  occur  on  the  fungi- 
form pipilhv,  in  the  papillic  of  the  soTt  palate  and  uvutla  {A.  Hi^ffmau^,  on  the  under  surfnce  of  the 
epigloiiis,  the  upper  part  of  the  posterior  surface  of  the  cftiglontit,  and  the  inner  ude  of  the  arytenoid 
cartilages  ( I'triottt  Davis),  and  on  the  vocal  cords  {SiMiantm/siy).  Many  buds  or  bulbs  disappear 
in  old  age. 

Structure. — The  taste  bulbs  are  81  fi  high  and  33  (i  thick,  are  liarrel  hhapcd  and  embedded  in 
the  thick  stratified  w^uamous  epilhelium  of  the  tongue.  Each  bulb  consists  uf  a  !>fries  of  lancet 
shaped,  beni,  nucleated,  ouiir.  supporting  or  protective  cells,  arrangc<l  like  the  staves  of  a  barrel 
(Fiij.  i;3S,  II,  D.  isolated  in  III.  n).  They  are  so  nrranced  as  to  leave  a  small  ofjening,  or  the 
"gustatory  pore"  ai  the  free  en'l  of  the  Inklb.  Surruuii<le<i  by  ilie  c  ceH^  ond  lying  in  the  axis  of 
the  bud  are  i  to  10  gustatory  cells  (II,  E).  some  of  which  .ire  provided  with  a  delicate  process 
(111,  e)  at  their  free  ends,  while  ihcir  lower  liiced  ends  send  out  Kisal  processes,  which  become 
continuous  with  the  terminations  of  ihe  nerves  of  taste,  which  have  Wconie  non  m<-dul]aled.  .After 
section  nf  the  glosno  pharyngeal,  the  taste  huds  degenerate,  while  the  protective  cells  become  chant<e<I 
into  ordinary  epithelial  cells  within  four  months  {v,  Viuttckgau  and  H^nigschmied).     Very  similar 
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structures  were  found  by  Leydtg  in  the  skin  of  frt»h-watcr  fishes.  The  ehmJs  of  ihe  tongue  ud 
iheir  lecretory  fibre*  from  the  9th  cranial  nerve  are  referred  to  in  \  141  {l^rateh). 

423.  GUSTATORY  SENSATIONS.— Varieties.— There  arc /wrdif. 

fertrnt  gustatory  qualities,  the  sensations  of 

1.  Sweet,  3.  Acid. 

2.  Bitter.  4.  Saline. 

Acid  and  saline  substances  at  the  same  time  also  stimulate  the  sensory  nerves  of 
the  tongue,  but  when  greatly  diluted  they  only  excite  the  end  organs  of  Ihe 
specific  nerves  of  taste.  Perhaps  there  are  special  nerve  fibres  for  each  differroc 
gustatory  quality  (7;.  l^tnischgau). 

Conditions. — Sapid  sul^tances,  in  order  that  they  may  be  tasted,  require  the 
following  conditions:  They  must  be  dissolved  in  the  fluid  of  the  niouth,  espe- 
cially substances  that  are  solid  or  gaseous.  The  intensity  of  the  gustatory  sen- 
sation depends  on  :  i.  The  size  of  the  sur/aee  acted  on.  Sensation  is  fax'ored  by 
rubbing  m  the  substance  between  the  papillae,  in  fact,  this  is  illustrated  in  the 
rubbing  movements  of  the  tongue  during  mastication  (5  354).  a.  The  (omen- 
{ration  of  the  sapid  substance  is  of  great  importance.  Valentin  found  that  the 
following  series  of  substances  ceased  to  be  tasted  in  the  order  here  stated,  as  they 
were  gradually  diluted — syrup,  sugar,  common  salt,  aloes,  quinine,  sulphuric  acid. 
Quinine  can  be  diluted  20  times  more  than  common  salt  and  still  be  tasted  CCdM- 
erer),  3.  The  time  which  elapses  between  the  application  of  the  .sapid  substance 
and  the  production  of  the  sensation  varies  with  different  siibslances.  Saline  sub- 
stances are  tasted  most  rapidly  (after  0.17  second,  according  to  v.  yinisekgam), 
then  sweet,  acid  and  bitter  (quinine  after  0.258  second,  ?'.  K/>iAf*/i.fcitt).  This  even 
occurs  with  a  mixture  of  these  substances  (Sehirmer).  The  last-named  substances 
produce  the  longest  "  after  taste."  4.  The  delicacy  of  the  sense  of  taste  is  partly 
congenital,  but  it  can  be  greatly  improved  by  practice.  If  a  person  uses  the  same 
sapid  substance,  or  a  nearly  related  one,  or  even  any  very  intensely  sapid  substance. 
the  sense  of  taste  is  soon  afTectcd,  and  it  becomes  im|>ossible  to  give  a  correct 
judgment  as  to  the  taste  of  the  sapid  body.  5.  Taste  is  greatly  aided  by  the  sense 
of  smell,  and  in  fart  we  oAen  confound  taste  with  smell ;  thus  vanilla,  garlic,  and 
asafoetidaonly  affect  the  organ  of  smell,  while  chloroform  only  excites  taste.  [The 
combined  action  of  taste  and  smell  in  some  cases  gives  rise  to  flavor  (p.  S40). 
The  eye  even  may  aid  the  determination,  as  in  the  experiment  where  in  rapidly 
tasting  red  and  while  wine  one  after  the  other,  when  the  eyes  are  covered,  we 
soon  become  unable  to  distinguish  between  the  one  and  the  other.  6.  The  most 
advantageous  temf>erature  for  taste  is  between  io°-35*  C. ;  hot  and  cold  walet 
temporarily  paralyze  taste. 

Action  of  the  Electrical  Current. — The  constant  current,  when  applied  to  ihe  toag«e, 

exciter,  tx>th  during  \\%  pnnsa^c  and  when  it  is  oprned  or  closcil,  a.  sensatiMn  nf  acidity  ai  the  -f 
polc,  wid  at  the  —  pole  an  alkaline  toMc,  or,  more  correctly,  a  harsh,  tmniing  Koulino  (Sn/v, 
iyS^)'  I  ^'^^  is  "t^'  ^■'^  ^^  l^c  action  of  the  electrolyti^s  of  the  lluid  in  the  m<>uth,  for  even  when 
the  tongue  is  moistened  with  an  acid  fluid  the  alkaline  sensation  is  exjicricnccd  at  the  '—  pole 
(P'ffUa).  We  cannot,  however,  set  aside  the  supjwsition  that  perhaps  electrolytes,  or  decompoii' 
lion  products,  may  he  fonned  in  the  deeper  pans  and  excite  the  giiuatoiy  fibres.  Rapidly  tntcf- 
rupted  currents  do  not  excite  taste  (Crurtiaj^em).  V.  VtntschKau,  who  has  only  incomplete  taiie 
on  the  tip  of  the  tongue,  finds  (hat  when  the  fip  of  the  tongue  is  traversed  by  an  electrical  cut-rent, 
there  is  never  a  (gustatory  wns.ilion,  hut  nlways  a  distinct  uctile  one.  In  experiments  on  llAnig* 
Kchmeid,  who  is  possessed  of  nornial  taste  in  the  tip  of  the  tongue,  there  was  often  a  mctaltte  or 
acid  taste  at  the  4-  P<^lc  '^ti  the  tip  of  the  lnnt;ue.  while  at  Ihe  —  pole  te«te  was  often  absent,  sad 
when  it  was  present  it  was  almost  always  alkaline,  and  acid  only  exceptionally.  After  interraptint 
the  current  there  was  a  metallic  after  taate  with  both  directions  of  the  current. 

[Testing  Taste. — Direct  the  person  to  put  out  his  tongue  and  close  his  eyes, 
and  after  drying  the  tongue  apply  the  sapid  substance  by  means  of  a  glass  rod  or 
a  small  brush.  Try  to  confme  the  stimulus  as  much  as  possible  to  one  pUcc,  and 
after  each  experiment  rinse  the  mouth  with  water.     A  wine  taster  chews  aai  oUre 
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to  "clean  the  palate,"  as  he  says.  For  testing  bitttr  taste  use  a  solution  of 
quinine  or  quassia  ;  for  iK^^-^/ sugar  [or  the  intensely  sweet  substance  "saccharine  " 
obtained  from  coal  tar]  ;  saline^  common  salt ;  and  acid,  dilute  citric  or  acetic 
acid.     The  galvanic  current  may  also  be  used.] 

Pathological. — Diseases  of  the  tongue,  as  well  as  dryness  of  ihe  mouth  caused  by  interference 
with  the  salivary  secretion,  intcrrerc  with  the  sense  of  taste.  Subjective  gustatory  impressions 
arc  common  among  the  insane,  and  are  dne  (o  some  centra!  cau^e,  perhaps  to  irriuiion  of  the 
psychogcusic  centre  (|  37S.  IV,  3I.  After  poisoning  with  santonin  a  bitter  laste  is  experienced, 
while  after  the  sul>cuianeuus  injection  uf  morphia  ihere  is  a  bitter  and  acid  taste.  The  terms 
hypergeusia,  hypogeusia  and  ageusia  are  applied  to  the  increase,  dimiuutton  and  abolition  of 
the  sense  of  uste.  Many  tactile  Impressions  on  the  ton^e  are  frequently  confounded  with  gusta- 
tory sensations,  ^.^^,  the  so-called  biting,  cooling,  prickling,  sandy,  mealy,  astringent  and  hanh 
tastes. 

Comparative. — .A.baut  1760  taste  bulbs  occur  on  the  ctrcum vallate  papnltx  of  the  ox.  The 
lernt  papilla  foliata  is  applied  to  a  large  folded  gustatory  organ  placed  laterally  on  the  side  of  the 
tongue,  especially  of  the  rabbit  (A*rt//,  /Sj2),  and  which  in  man  is  represented  by  analogous 
organs,  cumpoMrd  of  lungitudinal  folds,  lying  in  the  rimbri.x  linguiv  on  each  side  of  the  posterior 
part  of  the  tongue  {A'r-twjf,  v.  Ityss).  Taste  bulbs  are  absent  in  repftles  and  birds.  They  are 
numerous  in  the  month  of  the  tadpole  |  A.  £.  SckuUze),  while  the  tongue  of  the  frog  is  covered 
with  epithelium  resembling  guatatory  cell*  {Billroth,  Axel  AVy).  The  goblet  shaped  organs  in  the 
fkin  of  tishes  and  tad[>oles  have  a  structure  similar  to  the  taste  bulbs,  and  may  perhaps  have  the 
same  function.     There  arc  taste  bulbs  in  Ihe  mouth  of  the  carp  and  ray. 

Historical. — Ilcllini  regarded  the  papill:v  as  the  organs  of  taste  (jyti).  Richcrand,  Mayo  and 
Fodent  thought  that  the  lingual  ^,15  the  only  nerve  of  taste,  but  Magendte  proved  that,  after  it  was 
divided,  the  posterior  part  of  the  tongue  was  still  endowed  with  taste.  Panizta  (1S34)  described 
the  glusso-pharyngeal  as  the  nerve  of  taste,  ilic  gustatory  as  the  nerve  uf  touch,  ana  the  hy)]oglossal 
as  the  motor  Derve  of  the  tongue. 


THE  SENSE  OF  TOUCH, 


424    TERMINATIONS    OF    SENSORY  NERVES.— i.   The    touch   corpuiclea  of 
Wagner  and   Mciasner  He  in  Ihc  papillc  of  ihc  cutis  vera  (}  2831,  and  are  mosc  namcrotts  io 

the  palm  of  the  hand  and  the  »o1c  of  the  foat,  cs[>cciaUy  in  the  fingers  and  iocs,  there  betl^>  about 
21  to  every  »()unre  millimetre  of  «kin,  or  108  tfi  400  of  the  papilla;  containing  bloud  vesftclL  Tbef 
are  less  abundant  on  the  back  of  the  hand  .md  fool,  mamtna.  lips  and  tip  of  the  tongae,  rarcfm 
the  glans  clituriihs.  and  occur  singly  and  scattered  on  the  volar  side  of  the  fore  artn,  even  10  iIk 
anthro{x>id  apes.  They  are  oval  or  elliptical  bodies,  40-200  11  long  [^}f^  in.],  and  60-70  ft  hratd 
[bJo  *^  ii«  '"  1'  *'*''  °'*^  Covered  externally  by  layers  of  connective  tissue  nrrangei]  transvertcly  in 
layers,  anit  wilhtn  is  a  granular  mass  with  e1on(*alc(]  striped  nuclei  (Fip.  536.537.  t).  *  >ne  to  three 
mcdullaied  nerve  fibres  pas&  to  the  lower  end  of  each  corpuscle,  and  surround  it  in  a  spiral  manacr 
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FtO.  S36.— Witfner's  IMch  coithmcIc  (ram  the  pclni.  ireitcil  wiih  gold  ctitotidc.  «.  nerve  ftttrcs.  «, 
gl -inenili      Fio.  5^7. — Vcrt»ci>t  «ecii"n  of  the  •kin  of  ihe  palm  of  die  hand.     <t,t>lood  vcMd:  ^; 
cutjt  vera;   t.  capilUry:   </,  nerve  l^Ure   pAkMi'tt   to  a   touch   con>uM:lc,    /,  nerve  fifan  divided 
r,  U'Asncr'i  Much  eofpusck :  r<  cctl>  "f  the  MAlpi«tilan  layer  of  ttw  *Vm. 


two  or  three  times:  the  fibres  then  lose  iheir  myelin,  and  after  dividing  into  4  to  6  fibrils,  divulf 
within  the  coqiuscle.  The  exact  mode  of  termination  of  the  librils  is  uul  known.  Sooie  ot«ervm 
suppose  that  the  transverse  hbrillaiion  is  due  to  the  coils  or  windings  of  the  nerve  l'il<riK;  whik. 
according  to  others,  the  inner  part  coii>i>ts  of  numerous  Haitened  celU  lying  one  over  the  other, 
between  which  the  pa^e  terminal  fibres  end  cither  iu  swclliogs  or  with  disk-like  expansions,  such  as 
occur  in  Merkel's  corpuscles. 

[These  cur^mscles  do  not  contain  a  soft  core  such  as  exists  in  I'acini'scorpuscles.  The  corpuaclc* 
appear  to  con-ist  of  connective  tissue  with  imperfect  septa  paosing  into  the  tnlenor  from  the  fibrmn 
capsule.  After  the  nerve  fibre  enters  it  loses  its  myelin,  and  then  branches,  while  the  bnuchct 
anastomose  and   follow  a  spiral  course  within  the  corpuscle,  finally  to  terminate  io  slight  rnlartt- 
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ments.      According  lo  Thin,  there  are  simple  and  compound  corpuscles,  depending  on  ihe  ntimber 
of  nerve  fibres  cntehng  Ihem.] 

Knllmann  describes  three  siKcial  tactile  areas  in  the  hand:  (i)  The  tips  of  the  fingen  n-ith 
24  touch  corpu»cUs  in  a  length  of  lo  mm.;  (2)  the  three  eminences  lying  on  the  palm 
behind  the  sliU  between  the  hngers,  with  54-2.7  touch  corpuscles  in  the  Mime  Icugih ;  and 
(l)  the  ball  of  ihc  thumb  and  little  finger  with  i-t-}  5  touch  corpuscles.  The  first  two  areas 
A\bO  contain  many  of  the  corpuscle-^  of  Vater  or  I'acinlt  whi'e  in  the  latter  these  corpuscles 
are  fewer  and  scattered.  In  the  other  pans  of  the  hand  the  nervuuit  end  organs  are  much 
le^s  developed. 

1.  Vater's  (1741)  or  Pacini's  corpusclea  are  oval  bodies  (Fig.  538),  i-3  mm.  long,  lyini*  In 
the  subcutaneous  tissue  on  the  nervci  of  the  lingers  and  lues  (600-14O0),  in  the  neighborhood  of 
joints  and  muscles,  the  sympathetic  abdominal  plexuses,  near  (he  norla  and  coccygeal  gland,  on  tlie 
dorsum  of  the  penis  and  clitoris,  and  in  the  mesocolon  [and  me^enlery]  of  the  cat.  [They  also 
occur  in  the  cnursc  of  the  intercostal  and  iieno^eal  ner^'cs.  and 
Sttrlii^  has  seen  them  in  the  capsule  of  lymphatic  g)nnd.«. 
They  are  attached  to  the  nerves  of  the  hand  and  feet,  and  are 
so  l><rgc  as  lo  be  visible  to  ihe  naked  eye,  tmih  in  these  regions 
ar.d  between  the  layers  of  the  mesentery  of  the  cat.  They  are 
whitiNh  or  somewhat  transparent,  with  a  while  line  in  the 
centre  (cat} ;  in  man.  they  are  j*.  to  ^^  ^"'^^  'ongi  s"'*  i\  *o 
l^j)  inch  broad,  and  are  attached  by  a  stalk  or  ]»:diclc  [Fig. 
5j8,  a)  to  the  nerve.]  They  consist  of  numerous  nucleated 
Connective- 1  issue  capsules  or  lamellae  hned  by  endoihcHum 
separated  from  each  other  by  Huid,  and  lying  one  within  the 
other  like  the  coats  of  an  onion,  while  in  tlie  axis  is  a  central 
cere.  A  medultnted  nerve  Hbre  passes  to  each,  where  its 
shealh  of  Schwann  unites  with  the  capsule.  It  loses  its  myelin, 
and  passes  into  the  interior  as  an  axial  cylinder  (Fig.  538,  e), 
where  it  either  ends  in  a  small  knr^b  or  may  divide  dichoio. 
mously  (Fig,  538, /'), each  branch  terminating  in  a  small  [Mur- 
shaped  tntiirgemeni.  [Each  large  corpuscle  is  covere-l  by 
40-50  lamells,  nr .tunics,  which  are  thinner  and  clo«cr  to 
each  other  (Fig.  538,  (/)  internally  than  in  the  outer  part, 
where  they  ar«  thicker  and  wider  apart.  The  lamcIU*  arc 
like  the  laminx  in  the  lamellaicd  sheath  of  a  nerve,  and  are 
cotnpo.sed  of  an  elastic  basis  mixed  with  white  tibrcs  of  con- 
nective tissue,  while  the  inner  surf.ice  or  each  laittclla  is  llrc<l 
by  a  single  coniinimus  layer  or  endothelium  com inuotis  with 
ihat  of  the  perineurium.  Ii  l^  easily  siaineil  with  silver  i.itnile. 
Tlie  efferent  nerve  fibre  is  covered  with  a  thick  shealh  of 
lamellnted  connective  tissue  (sheath  of  licnle),  which  be- 
comes blended  with  the  outer  lamellx  of  the  corpuscle.  The 
medullated  nerve  is  sometimes  accompanied  by  a  blood  vessel, 
and  pierces  the  various  tunics,  retaining  its  myelin  until  it 
reaches  the  core,  where  it  terminates  as  already  described. 

3.  Krause's  end  bulbs  very  probably  occur  as  a  regular 
mode  of  nervetermiuation  in  the  cutis  and  mucous  membrane 
of  all  mammals.  They  are  elongated,  oval,  or  round  bodies. 
0.075  ^o  ^'4  n>rn.  long,  and  have  been  found  in  the  deeper 
layers  of  the  conjunctiva  buibi,  Hoor  of  the  mouth,  margins  of 
the  lips,  nasal  mucous  membrane,  epiglottis,  fungiform  and  cir- 
cumvollate  papilla%  glans  penis  and  clitoris,  volar  surface  of 
the  toes  of  the  guinea  pig,  car  and  body  of  the  mouse,  and  in 
the  wing  of  the  bat.  [In  the  calf,  the  ''cylindrical  end 
bulbs  "  are  oval,  with  a  nerve  fibre  terminating  within  them. 
The  sheath  of  Henlc  Incomes  continuous  with  the  nucleated 
caps jle,  while  the  axial  cylinder,  devuid  of  its  myelin,  i^  con* 
linucd  into  the  soft  core.  In  man  the  end  bulbs  are  "spheroidal," 
and  consist  of  a  nucIcAtcd  connective  tissue  capsule  oonlinuous  with  Henlc's  sheath  of  the  nerve, 
and  enclosing  many  cells,  among  which  the  axis  cylinder  which  enters  the  bulb  branches  and  ler* 
minates.]  The  spheroidal  and  end  bulbs  occur  in  man.  in  the  na^al  mucous  membrane,  conjunctiva, 
mouth,  cpigloiti.^,  and  the  mucous  folds  of  the  rectum.  According  to  Waldcyer  and  Longworlh, 
the  nerve  fibnls  icrmtnate  in  the  cells  within  the  capsule.  These  cells  aie  said  to  be  cuntparubic  t> 
Merkcl's  laiiile  cells  {  iVaideyer). 

The  genital  corpuscles  of  Kraiise,  which  occur  in  the  skin  aTi<l  mucous  membrane  of  the  glans 
penis,  cliioris,  and  vagina,  appear  to  be  end  bulbs  more  or  Jes^  fused  together. 

The  articulation  nerve  corpuscles  occur  in  the  synovial  mucous  membrane  of  the  joints  of  Lhe 


\r'\  or  Pacini'*  cbrpu^clc.  a,  stalk  ; 
^,  nerve  fibre  enierirg  ll ;  c, ,/,  cun- 
nectivc-liMLie  cfivelupe  ;  t.  axis  cylia* 
der,  Willi  lis  eiiiJ  dividnl  al/. 
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Bngers.  They  are  larger  than  the  ead  bulb«.  and  have  numerotu  oval  nuclei  exlemally,  wkllc  one 
to  Tour  nerve  fitircs  cnler  them. 

4.  Tactile  or  touch  corpuBcles  of  Merkel,  someliroes  also  called  the  corpudei  of  Gnodry, 
occur  in  the  beak  and  lon^e  of  the  duck  and  goose,  in  the  epidermis  of  man  and  mammali,  aid 
ID  the  outer  root  sheath  of  tactile  hairs  or  feelers.  They  are  small  bodies,  composed  of  a  cafsale 
enclosing  two,  three  or  more  large,  granular,  somewhat  flatieacd  nucleated  and  nucleolaled  ccflti 
piled  one  on  the  other  in  a  vertical  row,  like  a  row  of  cheeses.  Each  corpuscle  receives  at  one  side 
a  medullatcd  nerve  fibre,  which  loses  its  myelin,  and  branches,  to  terminaie,  according  to  tont 
observers  {AfrrJiti),  in  the  cells  themselves,  and  according  to  others  {A'uftvifr,  iufuxrrJo,  Hf-u\ 
in  the  protoplasmic  transparent  substance  or  disk  lying  between  the  cells.  [This  intercelluUi  dtik 
is  the  "di&k  tactil"  of  Kanvicr.or  the  "  Tastplatte"  uf  1  lease.}  When  there  is  a  great  aggre(alkifi 
of  these  celts.  Uq;e  structures  are  formed,  which  appear  to  form  a  kind  of  iransilion  belwven  thoc 
and  touch  corpuscles.  [According  to  Klein,  the  terminal  6brils  end  neither  in  the  tonch  celU  mm 
tactile  <Ufk,  but  in  m<nuie  swellings  in  the  interstitial  substance  between  the  touch  cells,  in  a  miAMr 
very  similar  to  that  occuning  in  ihc  end  butl^.} 

[According  to  Merkel,  tactile  cells,  cither  iMjIaied  ur  in  groups,  but  in  the  latter  case  never  inrm. 
ing  an  inde|>endei)t  end  organ,  occur  in  the  deeper  Inyen  of  the  epidermis  of  wan  and  mamioali, 
and  also  in  the  papitlcc.  They  consist  of  round  or  tlask  shaped  cells,  with  the  lower  pcnnted  acck 
of  the  flask  continuous  with  the  axis  cylinder  of  a  nerve  fibre.  Tliey  are  regarded  by  Merkel  • 
the  simplest  form  of  a  tactile  end  oi^an,  but  their  existence  is  douUe<l  by  some  obserYcrs.] 

Among  animals  there  are  many  other  forms  of  senaory  end  organs.  [Herbst'i  corpnadca 
occur  in  the  mucous  merobrnnc  of  the  tongue  of  the  duck,  and  resemble  small  Vater's  corpoaclea, 
but  their  lamellie  are  thinner  and  nearer  each  other,  while  the  axis  cylinder  within  the  centnl  Cora 
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is  bordered  on  each  side  by  a  row  of  nuclei.]  In  the  noae  of  the  mole  there  is  a  pcculiaz  e»<l 
organ  {Eimer),  while  there  are  ** etui  i-n/su//s"  in  the  penis  of  the  hedgehog  and  the  toi^eof 
the  elephant,  and  **  n/rzr  ringi  "  in  the  ears  of  the  mou^e. 

5.  [Other  Modee  of  Ending  of  Sensory  Nerves.— Some  sensory  nerves  terminate  not  by 
means  of  special  end  organ*,  but  their  axis  cyhndcr  splits  up  into  fibrils  to  form  i,  nervous  network, 
from  which  fine  fibrils  are  given  off  to  terminate  in  the  tissue  in  which  the  nerve  ends.  The^e  Abnli, 
as  In  iJic  cornea  {\  384),  terminaie  by  means  of  free  ends  between  the  epithelium  on  Ibe  anterioc 
surface  of  the  cornea,  and  some  observers  state  that  the  free  ends  arc  provided  with  small  enlarge- 
mcnts  {'*houtom  ttrminals")  (Fig.  539, a).  Tliese  enlargements  or  "tactile  cells"  occur  In  im 
groin  of  the  guinea  pig  and  mole.  A  similar  mode  of  termin-ition  occurs  between  the  cells  of  ibc 
epidermis  in  man  and  mammals  (Fig<  271  )•] 

6.  Tendons,  especially  at  their  junction  with  muscles,  have  special  end  organs  f5irr<ir,  J?«rfJMV. 
Gk'I^),  which  assume  various  forms;  it  may  be  a  network  of  pnmttive  nerre  fibrils,  or  ftttbCMu 
end  flakes  or  plates  in  the  sterno-radiol  muscle  of  the  frog,  or  elongated  oval  end  bulbs,  noS  hiBM 
the  end  bulbs  of  the  conjunctiva,  or  small  simple,  Pacinian  cor{mscTes.] 

435.  SENSORY  AND  TACTILE  SENSATIONS.— In  the  sensory 
nerve  trunks  there  are  two  functionally  different  kinds  of  nerve  fibres:  (i)  Those 
which  administer  to /ni/^// impressions,  which  are  sensory  nerves  in  the  narrower 
sense  of  the  word ;  and  (2)  which  administer  to  tactile  impressions,  and  nuy, 
therefore,  be  called  tactile  nerves.  The  sensations  oi  ttrnperaturr  and  pressure  are 
also  reckoned  as  belonging  to  the  tactile  group.    It  is  extremely  probable  that  the 
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sensory  and  tactile  nerves  have  different  end  organs  and  fibres,  and  that  they  have 
also  special  perceptive  nerve  centres  in  the  brain,  although  this  is  not  definitely 
proved.     This  vit^w,  however,  is  supported  by  the  following  facts:  — 

I.  That  sensory  and  tactile  impressions  cannot  be  discharged  at  the  same  time 
from  all  the  jxirts  which  are  endowed  with  sensibility.  Tactile  sensations,  in- 
cluding pressure  and  temperature,  are  only  discharged  from  the  coverings  of  the 
skin,  the  mouth,  the  entrance  to  and  floor  of  the  nose,  the  pharynx,  the  lower 
end  of  the  rectum  and  genito-urinary  orifices  ;  feeble,  indistinct  sensations  of  tem- 
perature are  felt  in  the  uisophagus.  Tactile  sen.sations  are  absent  from  all  internal 
viscera,  as  has  been  proved  in  man  in  cases  of  gastric,  intestinal  and  urinary 
fistulse.  Pain  alone  can  be  discharged  from  these  organs.  2.  The  conduction 
channels  of  the  tactile  and  sensory  nerves  lie  in  different  parts  of  the  spinal  cord 
(§364,  I  and  5).  This  renders  probable  the  assumption  that  their  central  and 
peripheral  ends  also  are  different.  3.  Very  probably  the  reflex  acts  discharged 
by  both  kinds  of  nerve  fibres — the  tactile  and  pathic — are  controlled,  or  even 
inhibited,  by  special  central  nerve  organs  (§361 — ?).  4,  Under  pathological 
conditions,  and  under  the  action  of  narcotics,  the  one  sensation  may  be  suppressed 
while  the  other  is  retained  (§  364,  5). 

Sensory  Stimuli. — In  order  to  discharge  a  painful  impression  from  sensory 
nerves,  nlativety  strong  stimuli  are  required.  The  stimuli  may  be  mechanical, 
chemical,  electrical,  thermal,  and  somatic,  the  last  being  due  to  inflammation  or 
anomalies  of  nutrition  and  the  like. 

Peripheral  Reference  of  the  Sensations. — These  nerves  are  excitable 
along  their  entire  course,  and  so  is  their  central  termination,  so  that  pain  may 
be  produced  by  stimulating  them  in  any  part  of  their  course  ;  but  this  pain, 
according  to  the  **law  of  peripheral  perception,"  is  always  referred  to 
the  periphery. 

The  tactile  nerves  can  only  discharge  a  tactile  impression  or  sensation  of  con* 
tact  when  moderately  strong  mechanical  pressure  is  exerted,  while  thermal  stimuli 
are  required  to  produce  a  temperature  sensation  ;  and  in  both  cases  the  results  are 
obtained  only  when  the  appropriate  stimuli  are  applied  to  the  end  organs.  If 
pressure  or  cold  be  applied  to  the  course  of  a  nerve  trunk,  e,  g.^  to  the  ulna  at  the 
inner  surface  of  the  elbow  joint,  we  are  conscious  of  painful  sensations,  but  never 
of  those  of  temperature,  referable  to  the  peripheral  germinations  of  the  nerves  in 
the  inner  finders.  .\ll  strong  stimuli  disturb  normal  tactile  sensations  by  over- 
stimulation, and  hence  cause  pain. 

426.  THE  SENSE  OF  LOCALITY.— We  are  not  only  able  to  distin- 
guish differences  of  pressure  or  temperature    by  our  sensory 
nerves,  but  we  are  able  to  distinguish  the  part  which  has  been  Fir,.  540. 

touched.     This  capacity  is  spoken  of  as  the  sense  of  space  or 
locality. 

Methods  of  TcBting. — Place  the  two  blunted  points  of  a  pair  of  com- 
passes (Fig.  540)  upon  the  part  of  Ihe  ikin  to  be  investigated,  oiid  determine 
the  smallest  distance  at  which  the  two  points  are  felt  only  as  one  impreisioQ. 
Sicveking's  esihesiometer  (Kig.  541 J  may  be  used  Instead;  one  of  the 
points  is  movable  along  a  graduated  rod,  while  the  uther  is  fixed.  2.  Tbc 
dtslance  between  the  points  of  the  instrument  being  kept  the  same,  touch 
several  parts  of  the  skm,  and  ask  if  the  person  feels  the  impression  of  the 
points  coming  nearer  to  or  going  wider  apart.  3.  Touch  a  pail  of  the  skin 
with  a  blunt  instrument,  and  observe  if  the  spot  touched  is  correctly  indicated 
by  the  patient. 

The  investigations  have  led  to  the  following  results:  The 
sense  of  locality  of  a  part  of  the  skin  is  more  acute  under  the 
following  conditions: 

1.  The  greater  the  number  0/ tactile  nerves  in  the  correspond-         iEnhesiomeier. 
ing  i>art  of  the  skin. 
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a.  The  greater  (he  mohiiity  of  the  part^  so  that  it  increases  in  the  extrcmiiie* 
toward  the  fingers  and  toes.  The  sense  of  locality  is  always  very  acute  in  pans 
of  the  body  that  are  very  rapidly  moved  {Vicronii). 

3.  The  sensibility  of  the  limls  is  finer  in  the  transverse  axis  than  in  the  long 
axis  of  the  limb,  to  the  extent  of  }i  on  the  flexor  surface  of  the  upper  Umb, 
and  %  on  the  extensor  surface. 

4.  The  mode  of  application  of  the  points  of  the  ?esthesiometer :  (<*)  According 
as  they  are  applied  one  after  the  other,  instead  of  simultaneously,  or  as  they  are 
considerably  warmer  or  colder  than  the  skin  {Ktug),  a  person  may  diMinguisha 
less  distance  between  the  points,  {h)  If  we  begin  with  the  points  wide  apart  and 
approximate  them,  then  we  can  distinguish  a  less  distance  than  when  we  proceed 
from  imperceptible  distances  to  larger  ones,  {c)  If  the  one  point  is  warm  and  the 
other  cold,  on  exceeding  the  next  distance  we  teel  two  impressions,  but  we  cannot 
rightly  judge  of  their  relative  positions  {Curmak^. 

5.  Exercise  greatly  improves  the  sense  of  locality :  hence  the  extraordinary 
acuteness  of  this  sense  in  the  blind,  and  the  improvement  always  occurs  on  both 
sides  of  the  body  (  Folkmann). 

[Fr.  Galton  finds  th.it  the  reputed  increased  acuteneu  of  ihe  other  senses  in  the  caic  of  the  bliod 
is  not  %Q  great  u  is  generally  alleged.  He  tested  a  large  num1>cr  of  boys  at  an  educational  blind 
asylum,  with  the  result  tliat  the  perrormanccs  or  the  blind  buys  «err  by  no  means  sopenur  to  those 
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of  Other  hoys.  He  points  out,  however,  ilml  "the  gnidaace  of  the  blind  ilef<ends  mainly  on 
multitude  of  collatera]  indications,  to  which  they  give  much  heed,  and  not  in  their  supenortiytoi 
one  of  them.*'] 

6.  Moistening  the  skin  with  indifferent  fluids  increases  the  acuteness.  If,  hoir* 
ever,  the  skin  between  two  points,  which  are  still  felt  as  two  distinct  objects^  be 
slightly  tickled,  or  be  traversed  by  an  imperceptible  electrical  current,  the  im- 
pressions become  fused  (Sus/owa).  The  sense  of  locality  is  rendered  more  acute 
at  the  cathode  when  a  constant  current  is  used  {SusIoTtfa)^  and  when  the  ^in  is 
congested  by  stimulation  {Kiinken^erg)^  ^nd  also  by  slight  stretching  of  the  skin 
(Se/i/ney) ;  further,  by  baths  of  carbonic  acid  (v.  Basch  ami  v.  Diet/ ),  or  wann 
common  salt,  and  temporarily  by  the  use  of  caffein  {Rump/). 

7.  Ancemia^  produced  by  elevating  the  limbs,  or  ven&us  kyperamia  (by  oon- 
pressing  the  veins),  blunts  the  sense,  and  so  does  too  frequent  testing  of  the  scbk 
of  locality,  by  producing  fatigue.  The  sense  is  also  blunted  by  cold  applied  to 
the  skin,  the  influence  of  the  anode,  strong  stretching  of  the  skin,  as  over  the  ab- 
domen during  pregnancy,  previous  exertion  of  the  muscles  under  the  part  of  the 
skm  tested,  and  some  i)oisons,  ^.  ^.,  atropin,  daturin,  morphm,  strychnin,  alcohol, 
potassium  bromide,  cannabin,  and  chloral  hydrate. 

Smallest  Appreciable  Distance.  —  The  following  statement  gives  Ibc 
smallest  distance,  in  miitimetres,  at  which  two  points  of  a  pair  of  compaaes  cai 
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still  be  distinguished  as  double  by  an  adult.     The  corresponding  numbers  for  a 
boy  twelve  years  of  age  are  given  within  brackets  : — 


Tip  of  tongue 

IliinJ   phalanx  of  finger,   volar 

surface. 2.-2.3 

Red  pan  of  the  Hp 4.5 

Second  phalanx  of  Rnger,  volar 

surface 4- -4-5 

Fintt   phalanx    of  Bnger,    volar 

surface S-SB 

Third  phalanx  ol  finger,  dorxal 

surface. 6.8 

Tip  of  nose 6.8 

Head  of  metacarpal  bone,  volar  .  5-.6.3 

Ball  of  thumb 6.S-7- 

Ball  of  little  finger 5-5-6. 

Centre  of  palm 8.-9. 

Dorsum  and  side  of  tongue,  while 

of  the  lips,  metacarpal  jiart  of 

the  thumb 9. 

Third   phalanx  of  the  great  toe, 

plantar  surface 11. 

Second   phalanx   of  the  fingers, 

dorsal  surface II. 

Back II. 


MilllnicUM. 

I.I  n.ii 


[6.8] 
3  [6.8] 


M  ilUmctrci. 

Eyelid ,11.3     [9] 

Centre  ol  hard  palate 13.5  [113] 

Lower  third  of  the  forearm,  volar 

surface 15. 

In  front  of  the  zygoma »5-8  [ll.j] 

Plantar  surface  of  the  great  toe  .    .15.8     [9.] 

Inner  surface  of  the  lip 20.3  " 

Behind  the  zygoma 32.6 

Forehead 22.6 

Occiput 27.1 

lUcIc  of  the  hand  ....,..,  31  -6 

Under  the  chin 33.8 

Venex 338 

Knee 36.I 

Sacrucn,  gluteal  region 44.6 

Forearm  and  leg 45.1 

Neck 54.1 

Back   al  the  fifth  dorsal    vertebra, 

lower  dorsal  and  lumbar  region    .  54.1 

Middle  of  the  neck 67.7 

Upper  ami,  thigh  and  cenlie  of  the 

bock 67.7  [31.6-40.6] 


Illusions  of  the  sense  of  locality  occur  very  frequently 

cutaneous  surface  appears  to  ue  ijuicker  in  those  places  which  have  the 


the  mo«t  marked  are:   ft)  A  uni. 
form  movement  over 

finest  sense  of  locality,  (j)  If  we  merely  foutA  the  skin  with  the  two  pnints  of  an  f^•sthe^iomc^c^. 
then  thejr  feel  as  if  they  were  wider  apart  than  when  the  two  ]Ki\nts  arc  morvd  a/oHj^  the  skin 
(/>M»rt*).  (3)  A  sphere,  when  touched  with  short  rods,  feels  larger  than  when  long  rods  arc 
iised  (  Tautiuni).  {4)  When  the  fingers  of  one  hand  are  crossed,  a  small  rvettble  or  sphere  placed 
between  them  feels  double  (Aristotle's  experinient}.  [|\Vhen*a  pebble  is  rolled  between  the 
crossed  index  and  middle  finger  (Fig.  543,  B),  it  feels  as  if  two  halls  were  present,  but  with  the 
ftngcis  uncrossed  single.  (5)  When  pieces  of  skin  are  transplante^f,  r.f^.,  from  the  fotchcad,  to  fonu 
a  no.se,  the  i>crson  operated  on  feels,  often  for  a  long  time,  the  new  nasal  part  as  if  it  were  bis  fore- 
head.] 

Theoretical.— Numerous  experiments  were  made  by  E.  H.  Weber,  Loize,  Meissner,  Czemiak 
and  others,  to  explain  the  phcnumtnA  of  the 

sense  of   space.      Weber's    theory  goes  Flc.  542. 

upon  the  assumption,  tliat  one  and  the  same 
nerve  fibre  proceeding  from  the  brain  to  the 
skin  can  only  lake  up  one  kind  of  impres- 
sion, and  administer  thereto,  lie  called  the 
pan  of  ihe  skin  to  which  each  single  nerve 
librc  is  distiibuicd  a  "circle  of  sensa* 
tion."  When  two  stimuli  act  stinultaneouhly 
upon  the  tactile  end  organ,  then  a  double 

sensation  is  felt,  when  oiic  or  mure  circles  of  ^l     7S    f    WM  \\    ^       '* 

sensation  lie  between  the  two  points  siimu-  \\  |9^  \.][^   \^ 

laicd.  This  explanation,  based  upon  ana- 
tomical considerations,  does  not  explain  how 
it  is  that,  with  practice,  the  circles  of  sensa- 
tion become  smaller,  and  also  bow  it  is  that 
only  cue  sensation  occurs,  when  twih  points  ^        ^'^^^ 

of  Ihe  instrument  are  so  applied,  that  both 
points,  although  further  apart  than  the  di- 
ameter of  a  circle  of  sensation,  at  one  time 
he  upon  two  adjoining  circles,  al  another 
between  two  otliers  with  another  circle  intercalated  Ixtween  them. 

Wundt's  Theory.— In  accordance  with  the  conclusions  of  Lotze,  Wundt  proceeds  from  a 
psycho  physiological  basis,  that  every  port  of  the  skin  with  tactile  sensibility  always  conveys  to  the 
brain  the  iocality  of  the  sensation.  Every  cutaneous  area,  therefore,  gives  to  the  tactile  sensaiion  a 
••  ioeal  {ohr"  or  quality,  which  is  s{X)ken  of  as  the  "  local  iign^  He  assumes  that  this  local  color 
diminishes  from  point  to  point  of  the  skin.  This  gradation  is  very  sudden  in  those  parts  of  Ihe 
skin  where  the  sense  of  space  is  very  acute,  but  occurs  very  gradually  where  the  sense  of  space  is 
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more  obtuse.  Separate  inipretsions  nnile  Into  a  common  one,  u  soon  u  the  grvlaiioD  of  ihe  Kiul 
color  tfecomcft  imperceptible.  By  practice  and  ailcntion  differences  of  leoftalion  arc  cipcncticc4. 
which  ordinarily  are  not  observed,  bu  that  he  explains  the  diminution  of  the  circles  of  KnsAtiun  by 
pivcticc.  The  circle  of  sensation  is  an  area  of  the  skin,  within  which  the  locai  colorof  the  kuk- 
lion  changes  so  little  that  two  separate  impre&Kions  fuse  into  onf. 

427.  THE  PRESSURE  SENSE.— By  the  sense  of  pressure  wc  obtaiu  a 
knowledge  o(  the  amount  of  weight  or  pressure  which  is  being  exercised  «t  the 
time  on  the  different  parts  of  the  skin. 

Methods.— I.  Pbce,  on  the  part  of  the  skin  10  be  investigated,  difHerem  wel|;hu.  one  after  tbe 
other,  and  ascertain  what  |>erceptiuns  they  give  rise  to,  and  tlie  sense  of  the  dtfl'eienoe  of  |inisiiiu 
to  which  they  give  rise.  We  must  be  Cflreful  to  exclude  differences  of  temperature  and  prevent  ibe 
displacement  of  the  weight^ — the  weights  maiit  always  be  placed  on  the  same  spot,  and  the  skia 
ihould  be  covered  beforchojid  with  a  plate,  while  the  muscular  sense  must  be  eliminated  (|  4J0^ 
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[This  is  done  by  supporting  the  hand  or  port  of  the  skin  which  is  being  tested,  so  that  the 
of  all  the  mu5cle<i  is  excluded.]  3.  A  process  is  attached  to  a  balance  and  made  to  touch  ihc  iti^ 
while  by  placing  weights  in  the  scale  pan  or  lemovini^  them,  we  test  what  difference*  in  wei^hl  ~ 
person  experimented  on  is  able  Id  distinguish  {/JoArn).  3.  In  nrder  to  avoid  the  necesailjr  af 
changing  the  weights,  A.  Eulenbcrg  invcnte<l  bis  barKstheaiometcr,  which  u  cxrastmcted  on  tkr 
same  principle  as  a  spiral  spring  paper  clip  or  balance.  There  is  n  small  button  which  fttt*  on  ihi 
skin  and  is  depressed  by  the  spring.  An  index  shows  at  once  the  pressure  in  granuncst  and  Ike 
instrument  is  so  arranged  that  the  pressure  can  be  very  easily  varied.  4.  Gollz  uso  a  palsatia( 
elastic  tube,  in  which  he  can  produce  waves  of  different  height.  He  tested  bow  high  the  lolMr 
must  be  before  they  are  expcrienccfl  as  pulse  waves,  when  the  tube  is  placed  upun  ine  skin-  5. 
l^mlnis  uses  a  mercurial  balance  (Fig,  543).  The  l^eam  of  a  balance  (W)  movrs  upos  two 
knife  edges  (O,  O).  and  is  carried  on  the  horiionial  arm  (^1  of  a  heavy  support  (T).  iioe  anso/ 
the  beam  is  provided  with  a  screw  (m)  on  which  an  cquilitanUiog  weight  (Sj  can  be  in«ved.     Tte 
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other  arm  (t/)  pas«s  into  a  vcnicdl  caltltratcd  lube  (R).  Below  this  is  the  pressure  pod  (P|,  which 
can  be  loaded  as  desirtrd  by  a  weight  [G}.  and  which  cmi  be  placed  upon  ihe  part  of  the  stiia  to  be 
lesled  (li).  Krom  an  adjoiniitg  burette  (B)  held  tn  a  clamp  (A),  mercury  can  pass  through  a  tnbe 
in  the  direction  uf  the  arrows,  to  one  part  of  the  balance  and  into  the  lube  (R).  On  the  stop-cock 
(A)  l>eing  closed,  whenever  pressure  i«  exerted  on  the  tulie  [D,  D|,  the  mercury  risei  throuf;h  tf  into 
K,  and  increases  (he  pressure  on  V.  We  measure  the  weight  of  the  mercury  correi^ionding  to  each 
dirtsion  of  the  tube  (R).  This  instrument  enables  rapid  variations  of  the  weight  to  be  made  with- 
out giving  rise  to  any  shuck.  In  esiitnatiug  both  the  pressure  sense  and  temperature  sense,  it  is  best 
lo  proceed  on  (he  principle  of  "  the  least  perceptible  tlifFerence,"  i,^.,  the  different  presHures  or  tem- 
pcraiurcs  are  graduated,  either  bcginninij  with  grtat  diffcicnces,  or  proceeding  from  ibc  imalltst 
difference,  and  detcrmiuing  the  limit  at  which  the  person  can  distinguish  a  difference  in  the  sensa- 
tion. 

Results. — I.  The  smaiiest  perceptible  pressure,  when  applied  to  different  parts 
of  the  skin,  varies  very  greatly  according  to  the  locality.  The  greatest  acuteness 
of  sensibility  is  on  the  forehead,  temple;^,  and  the  back  of  the  hand  and  forearm, 
which  perceive  a  pressure  of  0.002  grm,  ;  the  fingers  first  feel  with  a  weight  of 
0.005  *o  o-o'S  g"^*^-  ;  the  chin,  abdomen,  and  nose  with  0.04  to  0.05  grm. ;  the 
finger  nail  i  grm.  (^Kammier  and  Aubert), 

The  greater  the  sensibility  of  the  skin,  the  more  rapidly  can  single  stimuli  succeed  each  other, 
and  stilt  be  perceived  as  single  impressions;  52  stimuli  per  second  may  tic  applied  to  the  volar  side 
of  the  upper  arm,  61  on  the  back  of  the  haiid,  70  to  the  tips  of  the  fiiigent,  and  still  be  fell  singly 

2.  Intermittent  variations  of  pressure,  as  in  Goltz's  cube,  are  felt  more  acutely 
by  the  tips  of  the  fingers  than  with  the  forehead. 

3.  Differences  between  two  weights  are  (>ercetved  by  the  ti(>s  of  the  fingers  when 
the  ratio  is  29  :  30  (in  the  fore  arm  as  1S.2  :  20),  provided  the  weights  are  not 
too  light  or  too  heavy.  In  passing  from  the  use  of  very  light  to  heavy  weights, 
the  acuteness  or  fineness  of  the  perception  of  diff'erence  increases  at  once,  but 
with  heavier  weights,  the  power  of  distinguishing  differences  rapidly  diminishes 
again  {E,  J-fcrin^^  Lcewii^  ttmi  Biedermann).  This  observation  is  at  variance  with 
the  psycho- physical  law  of  Fcchncr  (§  i^D- 

4.  A.  Eulenberg  found  the  following  gradations  in  the  fineness  of  the  pressure 
sense:  The  forehead,  lips,  dorsunti  of  the  cheeks,  and  temples  appreciate  differ- 
ences of  j\r  ^*^  ^  (200  :  205  10  300  :  310  grm.).  The  dorsal  surface  of  the  last 
ph.ilanx  of  the  fingers,  the  fore  ann,  hand,  ist  and  id  phalanx,  the  volar  surface 
of  the  hand,  fore  arm,  and  upper  arm,  distinguishes  differences  of  ^  to  ^  (200  : 
220  to  220  :  210  grm.).  Tl^e  anterior  surface  of  the  leg  and  thigh  are  sunilar  to 
the  fore  arm.  Then  follow  the  dorsum  of  the  foot  and  toes,  the  sole  of  the  foot, 
and  the  posterior  surface  of  the  leg  and  thigh.  Dohrn  determined  the  bmallest 
additional  weight,  which,  when  added  to  i  grm.  already  resting  on  the  skin,  was 
appreciated  as  a  diff^erence,  and  he  found  that  for  the  3d  phalanx  of  the  finger  it 
was  .499  grra.  j  back  of  the  foot,  0.5  grni.  ;  2d  phalanx,  0.771  g''"*-  \  1st  pha- 
lanx, 0.02  grm.  ;  leg,  1  grm.  ;  back  of  the  hand,  1.156  grra.  j  palm,  i.oiS  grm. ; 
patella,  1.5  grra.;  fore  arm,  1.99  gnn. ;  umbilicus,  3.5  grms.  ;  and  the  back, 
3.8grTns. 

5.  Too  long  time  must  not  elapse  between  the  application  of  two  successive 
weights,  but  too  seconds  may  elapse  when  the  difference  between  the  weights  is 
4  :  5  {_E.  H.   Weber). 

6.  The  sensation  of  an  after  pressure  is  very  marked,  especially  if  the  weight 
is  considerable  and  has  been  ap[)lied  for  a  length  of  time.  Rut  even  light  weights, 
when  applied,  must  be  sei>arated  by  an  interval  of  at  least  ^^  to  gj^  second,  in 
order  to  be  perceived.  When  they  are  applied  at  shorter  intervals,  the  sensations 
become  fused.  When  Valentin  pressed  the  tips  of  his  fingers  against  a  wheel 
provided  with  blunt  teeth  he  felt  the  impression  of  a  smooth  margin,  when  the 
teeth  were  applied  to  the  skin  at  the  intervals  above  mentioned ;  when  the  wheel 
was  rotated  more  slowly,  each  tooth  gave  rise  to  a  distinct  impression.    Vibrations 
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of  strings  are  distinguished  as  such  when  the  numl^er  of  vibrations  is  1506  to  tsji 
per  second  {v.  Witti^h  and  Grunhagen). 

7.  It  Is  remarkable  that  pressure  produced  by  the  uniform  compression  of  a  part 
of  the  body,  €.gt  hy  dipping  a  finger  or  arm  in  mercury,  Ls  not  felt  as  such  ;  the 
sensation  is  felt  only  at  the  limit  of  thr  fluiti^  on  the  volar  surface  of  the  finger,  at 
I  he  limit  of  the  surface  of  the  mercury. 

428.  THE  TEMPERATURE  SENSE.— The  temperature  sense  makes 
us  acquainted  with  the  variations  of  the  heat  of  the  skin.  The  circumstance  de- 
termining the  sensation  of  temperature  is,  according  to  E.  Hering,  the  tempera- 
ture of  the  thermal  end  organs  themselves.  As  often  as  any  part  of  the  skin  has 
a  temperature  abm^e  its  zero,  /'.  ^.,  its  neutral  proper  temperature,  we  feci  warm ; 
in  the  opposite  condition  we  feel  cold.  The  one  or  the  other  sensation  bccomei 
stronger  the  more  the  temperature  of  the  thermal  end  organ  differs  from  its  zero 
temperature.  The  zero  temperature,  however,  may  vary  pretty  rapidly  from  ex- 
ternal causes  within  certain  limits. 

Methods. — To  the  surface  of  the  skin  oIijecLs  of  the  some  size  and  with  the  same  thermal  con- 
ductivity are  apphcd  sacce5»ivel)'  at  difTcrcnt  tcmperatares :  i.  Nothnagcl  u»es  snnall  wiKxlen  cu|« 
witb  a  iiietnlUc  base,  and  filled  with  warui  and  cold  water,  the  temperature  being  rcgiMcred  Iff  % 
thermometer  placed  in  the  cups.  [a.  Clinically,  two  lest  tubes  fdled  with  cold  and  worm  water. 
or  two  3)Kion»,  tlie  one  hot  and  the  other  cold,  may  be  ujcd-] 

Results. — I.  As  a  general  rule,  the  feeling  of  cold  is  produced  when  a  body 
applied  to  the  skin  rolw  it  of  heat ;  and,  conversely,  we  have  a  sensation  of  wannth 
when  heat  is  comnumicaiod  to  the  skin. 

2.  The  greater  the  thermal  conductivity  of  the  substance  touching  the  skin,  the 
more  intense  is  the  feeling  of  heat  or  cold  (§  218). 

3.  At  a  temperature  of  i5-5°-35°  C,  we  distinguish  distinctly  differences  of 


temperature  of  0.2^-0.16'  R.  with  the  tips  of  the  fingers  \E,  II.  IVebcr).  Tem- 
peratures just  below  that  of  the  blood  (33^-27°  C. — Nothnagei)  arc  distinguished 
most  distmctly  by  the  most  sensitive  parts,  even  to  differences  of  0.05°  C.  {Un- 
tiermann).  Differences  of  temperature  are  less  easily  made  out  when  dealing  with 
temijcratures  of  33°-39°  C,  as  well  as  between  i4**-27°  C.  A  temperature  of 
55°  C,  and  also  one  a  few  degrees  above  zero,  cause  distinct  pain  in  addition  to 
the  sensation  of  temperature. 

4.  The  different  parts  of  the  skin  also  vary  in  the  acuteness  of  their  thermal 
sense,  and  in  the  following  oider;  Tip  of  the  tongue,  eyelids,  cheeks,  lips,  neck, 
and  body.  The  |>crccptible  minimum  Nothnagel  found  to  be  0.4"  on  the  breast; 
0.9*^  on  the  back  ;  0.3°,  back  of  the  hand  ;  0.4°,  palm  ;  0.3°,  arm  ;  0.4°  back  of 
the  foot;  0.5",  thigh;  0.6**  leg;  o.4°-o.2°,  cheek;  0.4*' -0.3"  C,  temple.  The 
thermal  sense  is  less  acute  in  the  middle  line.  e,g.,  the  nose,  than  on  each  side  of 
it  (^.  //.  Weber), 

5.  Differences  of  temperature  are  most  easily  perceived  when  the  same  part  of 
the  skin  is  affected  successively  by  objects  of  different  tem|>eraturc.  If,  however, 
two  different  temperatures  act  simultaneously  and  side  by  side,  the  mipression*  arc 
apt  to  become  fused,  especially  when  the  two  areas  are  very  near  each  other. 

[(ioldschncider  linds  that  wlien  two  cold  or  two  warm  cylinders  arc  aiiplied  to  the  skin,  the 
sensation  of  heal  and  cold  can  be  appreciated  as  double  at  exceedingly  small  dlsunccs  >paft,  *.g^ 
cold  to  the  forehead,  cheek,  or  chin  at  0.8  mm.  apart,  palm  of  the  Uttle  tiit^et  0.1  mm.] 

6.  Practice  improves  the  temperature  sense ;  congestion  of  venous  blood  in  the 
skin  diminishes  it ;  diminution  of  the  amount  of  blood  in  the  skin  improves  it  \}^. 
Alsherg).  When  large  areas  of  the  skin  are  touched,  the  perception  of  differences 
is  more  acute  than  with  small  areas.  Rapid  variations  of  temperuture  produce 
more  intense  sensations  than  gradual  changes  of  temperature. 

[Goldschaeider  aaserts  that  there  are  special  cutaneous  nerves,  some  of  which  administer  only  |o 
the  sensation  of  cold,  and  others  for  that  of  heal,  others  fur  pressure,  and,  lastly,  those  for  touch.  In 
the  *'  cold  points"  of  the  skin,  when  gently  touched  with  a  cold  conical  meuU  cylinder,  only  the 
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sensation  of  cold  is  felt,  and  in  the  *'  heat  points  "  only  htm,  while  SQch  poinifi  ore  inKcn&ible  to  a 
gentle  touch.  The  sensation  of  cold  occurs  at  once,  that  of  heat  gradually  increases,  and  is  more 
ditTusc.     Pain  cannot  l>c  discharged  from  these  "temperature  points." 

Illusions  are  very  common :  i.  The  sensialions  of  hc.it  and  cold  sometimes  alternate  in  a  para- 
doxical manner.  When  the  skin  is  dipped  first  into  water  at  io°  C.  we  feel  cold,  and  if  it  be  then 
dipped  at  once  into  water  at  t6°  C.  we  have  at  ftrst  a  fccHiig  of  warmth,  but  soon  again  of  cold. 
2.  The  same  temperature  applied  to  a  large  surface  of  the  skin  is  estimated  to  be  greater  than  when 
it  is  applied  to  a  small  area,  e.g.,  the  whole  hand  when  placed  in  water  ai  39.5°  C.  feels  warmer 
than  when  a  6ngcr  is  dipped  into  water  at  32*^  C.  3.  Cold  weights  arc  judged  to  be  hcarier  than 
warm  ones. 

Pathological. — Tactile  sensibility  is  only  seldom  incrtaifd  (hyperpselaphesia),  but  great  sen- 
sibility to  liiffercnccs  of  temperature  is  manifested  by  areas  of  the  skin  whose  epidermis  is  partly 
removed  or  altered  by  vcMcants  or  herpes  roster,  and  the  same  occurs  io  some  coses  of  locomotor 
ataxia;  while  the  ncnse  of  lociljty  is  rendered  more  acute  in  the  two  former  cases  and  in  cr\'sipelas. 
An  abn'^rmal  condition  of  the  sense  of  locality  was  dcscrilwd  by  Brown  Siquard,  where  three  points 
were  felt  when  only  two  were  apjilied,  and  two  when  one  was  applied  to  the  skin.  Landols  tinds 
thai  in  himself  pricking  the  skin  uf  the  sternum  over  the  angle  of  Ludovicus  is  always  accompanied 
by  a  sensation  in  the  knee.  [Some  persons,  when  coUl  water  is  applied  to  tlie  scalp,  have  a  sensa- 
tion referable  to  the  skin  of  the  loins  (ViV/iw^').]  A  remarkable  variation  of  the  sense  nf  locabty 
occurs  in  moderate  iKttsoning  nith  morphia,  where  the  (icrtton  feels  himMrlf  abnormally  large  or 
greatly  diminished.  In  det»eiieratian  of  the  posterior  columns  of  the  cord,Obersteiner  ol»4erved  that 
the  patient  was  unable  to  say  whether  his  right  or  left  side  was  touched  ("  Allochlria  "|.  Ferrier 
observed  a  case  where  a  stimulus  appbcd  to  the  right  side  was  referred  to  the  left,  and  7i'<v  vrrsti. 

Diminution  and  paralysis  of  the  tactile  sense  (Hypopselaphesia  and  Apselaphesia) 
occur  either  in  conjunction  with  simultaneous  injury  to  t^e  scns*iry  nerves^  or  alone.  It  is  rare  to 
find  thai  one  of  the  cfuolilicx  of  the  tactile  scn^e  is  lost,  e.  g.^  either  the  tactile  »cnse  or  the  sense  of 
temiwrature — a  condition  which  has  been  called  *' partial  tiutiU  pat alyiU'*  Limbs  which  are 
** sleeping"  feel  heat  and  not  cold  {//er%en). 

429.  COMMON  SENSATION— PAIN.— Definition.— By  the  terra 
common  sensation  we  understand  pleasant  or  unpleasant  sensations  in  those 
parts  of  our  bodies  which  are  endowed  with  sensibility,  and  which  are  not  refer- 
able to  external  objects,  and  whose  characters  are  difficult  to  describe,  and  cannot 
be  compared  with  other  sensations.  Each  sensation  is,  as  it  were,  a  peculiar  one. 
To  this  belong  pain,  hunger,  thirst,  malaise,  fatigue,  horror,  vertigo,  tickling, 
well-being,  illness,  the  respiratory  feeling  of  free  or  impeded  respiration. 

Pain  may  occur  wherever  sensory  nerves  arc  distributed,  and  it  is  invariably 
caused  by  a  stronger  stimulus  than  normal  being  applied  to  sensory  nerves.  Every 
kind  of  stimulation,  mechanical,  thermal,  chemical,  electrical,  as  well  as  somatic 
(inflammation  or  disturbances  of  nutrition)  may  excite  pain.  The  last  appear  to 
be  especially  active,  as  many  tissues  become  extremely  painful  during  inflamma- 
tion i^r.g.r  muscles  and  bones),  while  they  are  comparatively  insensible  to  cutting. 
Pain  may  be  produced  by  stimulating  a  sensory  nerve  in  any  part  of  its  course, 
from  its  centre  to  the  periphery,  but  the  sensation  is  invariably  referred  to  the 
peripheral  end  of  the  nerve.  This  is  the  lawr  of  the  peripheral  reference  of 
sensations.  Hence,  stimulation  of  a  nerve,  as  in  the  scar  of  an  amputated 
limb,  may  give  rise  to  a  sensation  of  pjiin  which  is  referred  to  the  parts  already 
removed.  Too  violent  sttmiilation  of  a  sensory  nerve  in  its  course  may  render  it 
incapable  of  conducting  impressions,  so  that  peripheral  impressions  are  no  longer 
perceived.  If  a  sufficient  stimulus  to  produce  pain  be  then  applied  to  the  cen- 
tral part  of  the  nerve,  such  an  impression  is  still  leferrcd  to  the  peripheral  end  of 
the  nerve.  Thus  we  explain  the  [paradoxical  aneesthesia  dolorosa.  In  con- 
nection with  painful  impressions,  the  [jalient  is  often  unable  to  localize  them  ex- 
actly. This  is  most  easily  done  when  a  small  injury  (prick  of  a  needle)  is  made  on 
a  peripheral  part.  When,  however,  the  stimulation  occurs  in  the  course  of  the 
nerve,  or  in  the  centre,  or  in  nerves  whose  peripheral  ends  are  not  accessible,  as 
in  the  intestines,  pain  (as  belly-ache),  which  cannot  easily  be  localized,  is  the  result. 

Irradiation. — During  violent  |>ain  there  is  not  unfrequently  irradiation  of  the 
pain  (§  364,  5),  whereby  localization  is  impossible.  It  is  rare  for  pain  to  remain 
continuous  and  uniform  j  more  generally  there  are  exacerbations  and  diminutions 
of  the  intensity,  and  sometimes  periodic  intensification,  as  in  some  neuralgias. 
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The  intensity  of  the  pain  depends  especially  upon  the  excitability  of  the  sen- 
sory nerves.  There  are  considerable  individual  variations  in  this  respect,  some 
nenes,  e.g.,  the  trigeminus  and  splanchnic,  being  very  sensitive.  The  larger  the 
numlwr  of  fibres  affected  the  more  severe  the  pain.  The  duration  is  also  of  im- 
portance, in  as  far  as  the  same  stimulation,  when  long  continued,  may  become 
unbearable.  We  speak  of  piercing,  cutting,  boring,  burning,  throbbing,  prc9- 
ing,  gnawing,  dull,  and  other  kinds  of  pain,  but  we  are  quite  unacquainted  with 
the  conditions  on  which  such  diflerent  sensUions  depend.  Painful  impressions  are 
abolished  by  anssthetics  and  narcotics,  such  as  ether,  chloroform,  morphia. 
en^(§  364-  5^ 

Methods  of  Testing. — To  test  the  cutaneous  8en«ibility,  we  usoally  employ  the  coiutani  or  ii- 
duced  clccthca.1  current.  Determine  finl  the  minimum  untibiiity,  i^.,  the  strength  of  the  currail 
which  excites  the  firrt  trace  of  sensation,  and  also  the  minimttm  o/t^atn,  i.e.,  the  feeble^  strength  ol 
the  current  which  inm  causes  distinct  impressions  of  |)atn.  The  electrodes  consist  of  ihin  metaliic 
needles,  and  arc  placed  I  to  2  cm.  npnrt  (Fig.  375). 

Pathological. — When  the  excitability  of  the  nerves  which  administer  to  painful  senftatiotu  t*  ia- 
created,  a  sli};;ht  touch  of  the  ^kin.  nny,  even  a  breath  of  culd  air,  rnay  excite  the  moot  violent  pain, 
constituting  cutaneous  hyperalgia.  especially  in  inllaDimatory  or  cxanthematic  conditi*in»  *>■  ibe 
skin.  The  term  cutaneous  paralgia  is  applied  to  certain  anomnlouji,  diiagiceabic  or  painftti  MS- 
sations  which  arc  fre»iuenfly  referred  lo  the  skin — itchine,  creeping,  formicaiion,  cold,  and  tNimiii^ 
In  cere bro- spinal  meningitis,  somciimc^a  prick  in  the  sole  of  the  foot  produces  a  double  seiuattAti  of 
pain  and  a  double  reflex  conlrnction.  Perhaps  this  condition  may  be  explained  by  suppuMtij;  thai 
in  a  pArt  of  the  nerve  the  conrtiiion  is  delayed  (^  337,  3).  In  neuralgia  there  is  severe  i-atn,  oc- 
curring  in  paroxysms,  with  violent  exacerbations  and  p.iin  shooting  into  other  ^>3rts  |  p.  62>^).  Very 
frequently  excessive  pain  i*-  produced  b)'  pressure  on  the  nerve  where  it  makes  its  exit  from  a  foia- 
men  or  iravcnies  a  fascia. 

Valleix'B  Points  Douloureux  (1S41). — The  skin  itself  10  which  the  seniory  nerve  mas.  ope- 
cially  at  firti,  may  be  very  sensitive;  and  when  the  neuralgia  is  of  long  duration  the  «en$ibilily  vtay 
be  diminished  even  to  the  condition  of  analgesia  ( 7'i!(ri-i) ;  in  the  lauer  case  there  may  be  pro- 
nounced anorsthesia  dolorosa  (p.  S53). 

Diminution  or  paralysis  of  the  sense  of  pain  (hypalgia  and  analgia)  may  be  due  to  affiectioM 
of  the  ends  of  the  nerves,  or  of  their  course,  or  central  terminations. 

Metalloscopy. — In  hysterical  palienti  suffering  from  hcmian.-rsthesia.  it  is  found  that  the  faeftnC 
of  the  paralyzeil  side  i>  restored,  when  small  ineiallic  pbics  or  larger  pieces  of  diflerent  mctab  arc 
applieil  to  the  affected  parts  {/tttrr^,  Charn^i),  At  the  same  time  that  the  affected  fiart  recovers  us 
senjiihtlity  the  opposite  limb  or  side  becomes  aniesthetic.  'Iliis  condition  has  twen  spnkea  i4  ai 
transference  of  sensibility.  The  phenumenon  Is  not  due  to  galvanic  currents  dcve)o|>ed  by  the 
metals.  The  phenomenon  Is,  perhaps,  explained  by  the  fad  that,  under  phy^it^logical  conililinas. 
and  in  a  heallhy  person,  every  increase  of  the  sennibility  on  one  side  of  the  body,  prodncctl  by  the 
application  of  warm  metallic  plates  or  bandages,  is  followed  by  a  diminution  of  the  sensibUily  of  the 
oppcr^ite  side.  Conversely,  it  is  fntind  that  when  one  side  of  the  body  is  rendered  lew  sensitive  bj 
the  application  of  cold  plates,  the  homologuiis  part  of  the  other  side  txcomcs  rrwrc  sensitive  [^Rmm^ 
and  Af.  A'i'scn/ka/). 

430.  THE  MUSCULAR  SENSE.— Muscular  Sensibility.— The  sen 
sory  ncrvts  of  the  muscles  (§  292)  always  convey  lo  us  impressions  as  to  the  activ- 
ity or  non-activity  of  these  organs,  and  in  the  former  case  these  impressions  enable 
us  to  judge  of  the  degree  of  contraction,  It  also  informs  us  of  the  amount  of  the 
contraction  to  be  employed  to  overcome  resistance.  Obviously,  the  muscrular 
sense  mtjst  be  largely  supported  and  aided  by  the  sense  of  pressure,  and  conversely. 
E.  H.  Weber  showed,  however,  that  the  mtiscle  sense  is  finer  than  the  pressure 
sense,  as  by  it  we  can  distinguish  weights  in  the  ratio  of  39  :  40,  while  the  pressure 
sense  only  enables  us  to  distinguish  those  in  the  ratio  of  29  :  jo.  In  some  rasa 
there  has  been  ol>served  total  cutaneous  insensibility,  while  the  muscular  sense  w» 
retained  completely.  A  frog  deprived  of  its  skin  can  spring  without  any  appttiml 
di-turbance.  The  muscular  sense  is  also  greatly  aided  by  the  sensibility  of  the 
joints,  bones  and  fascix.  Many  muscles,  /-..c"..  those  of  respirntion,  ha%'e  only 
slight  muscular  sensibility,  while  it  seems  to  be  absent  normally  in  the  heart  and 
non-striped  muscle. 

[The  muscular  sense  stands  midway  between  special  and  common  sensations, 
and  by  it  we  obtain  a  knowledge  of  the  condition  of  our  musclesi  and  to  what 
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extent  they  are  contracted  ;  also  the  position  of  the  various  parts  of  our  bodies 
and  the  resistance  offered  by  external  objects.  Thus,  sensations  acconii>anying 
muscular  movement  are  twofold — (a)  the  movements  in  the  unopposed  muscles, 
as  the  movements  of  the  limbs  in  space ;  and  (^)  those  of  resistance  where  there 
is  opposition  to  the  movement,  as  in  lifting  a  weight.  In  the  latter  case  the  sen- 
sations due  to  inner\'ation  are  important,  and,  of  course,  in  such  cases  we  ha%'e 
also  to  take  into  account  the  sensations  obtained  from  mere  pressure  upon  the 
skin.  Our  sensations  derived  from  muscular  movements  depend  on  the  dirfciion 
and  duration  of  the  movements.  On  the  sensations  thus  conveyed  to  the  senso- 
rium  we  form  judgments  as  to  the  direction  of  a  point  in  space,  as  well  as  of  the 
distance  between  two  points  in  space.  This  is  very  marked  in  the  case  of  the 
ocular  muscles.  It  is  also  evident  that  the  muscular  sense  is  ultimately  related  to, 
and  often   combined  with,  the  exercise  of  the   sensations  of  touch  and  sight 

Methods  of  Testing. — Weights  are  wrapped  in  a  towtl  and  sufpendtfd  to  the  part  to  be  tested. 
The  patient  csiimalea  the  weight  by  raising  and  lowrering  it.  The  tUitro-mustular  sfmilniity  also 
may  be  proved  thus :  cause  the  muscles  to  contraci  by  means  of  induction  shocks,  and  olwerve  the 
sensation  thereby  produced.  [Direct  the  parent  to  place  his  feet  toother  while  standing,  and  then 
close  his  eyes.  A  healihy  person  can  stand  quite  steady,  but  in  one  with  ihc  muscular  sense  im- 
paired, as  in  locomotor  ataxia,  the  patient  may  move  to  and  fro,  or  even  fall.  Again,  a  person  with 
his  muscular  sense  impaired  may  not  be  able  to  touch  accurately  and  at  once  some  part  of  hU  body 
when  his  eyes  are  closed.] 

Section  of  a  sensory  nerve  causes  disturbance  of  the  fine  gradation  of  movement 
(p.  646).  Meynert  supposes  that  the  cerebral  .centre  for  muscular  sensibility  lies 
in  the  motor  cortical  centres,  the  muscles  being  connected  by  motor  and  sensory 
paths  with  the  ganglionic  cells  in  these  centres. 

Too  severe  muscular  exercise  causes  the  sensation  of  fatigue,  oppression  and 
weighiy  in  the  limbs  (§  304). 

Pathological. — Abnormal  increase  of  the  muscniar  sense  is  rare  [muznthtr  kyptrlagia  and 
hyp^rastkejia),  as  in  anxielai  ii&iat-u/n,  a  painful  condition  of  unrest  which  leads  to  a  continual 
change  in  the  jxMiiion  of  the  limbs.  In  cramp  there  is  intense  pain,  due  to  stimulation  of  the 
sensory  nerves  of  the  muscle,  and  the  s.xme  is  the  case  in  inflammation.  Diminution  of  the  mus- 
cular  sensibility  occurs  in  some  choreic  and  ataxic  persons  (^  j;64,  5).  In  locomotor  ataxia  the 
muscular  scn^e  of  ihe  upper  extremities  may  be  normal  or  weakened,  while  it  is  usually  coiit>ider- 
nhlv  diminishcti  in  the  legs.  [The  muscular  sense  is  iuiid  to  lie  increased  in  the  hypnoilc  condition 
ami  in  somnambulists.] 
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431.  FORMS  OP  REPRODUCTION.— I.  Abiogeneaii  (Genenlio  xrquivoca.  nve  spaa 

lanen,  spontaneous  generation). — II  was  formerly  a-^umed  that,  under  certain  drcsmttaiKts* 
non-living  matter  denvcd  frora  the  decomposition  of  organic  materials  hecome  changed  apotit* 
neously  into  living  IwJng*.  While  Aristotle  ascribed  this  mode  of  origin  to  iniecis,  the  rrc«« 
observers  who  advocate  this  form  of  generation  restrict  its  action  solely  to  the  lowrst  otganniB. 
Experimental  evidence  is  distinctly  against  spontaneous  generation.  If  organized  (patter  be  btttcd 
to  a  very  hi(;h  temperature  in  seated  tubes,  and  be  thus  deprived  of  all  living  organisnu  or  ihcif 
spores,  there  Is  no  generation  of  any  organism.  Hence  the  dictum  "Omnr  vh'um  fx  .iv"  (//*rwy, 
or  ex  T'/tv).  Sumc  highly-organized  invertebrate  auiinuls  ((lonliun,  Anguillula,  Tardigradi,  and 
Rmatoria)  may  be  drictl,  and  even  heated  to  140°  C,  and  yet  regain  their  vital  activities  00  bdag 
moistened  (Anabiosis). 

II.  Division  or  fission  occurs  in  many  pmtoxoa  (amteba,  infusoria).  The  ofganism,  jmt  tt  is 
the  case  with  cells,  divides,  the  nacleuc,  when  present,  taking  an  active  part  in  the  pruoesSt  m  tkH 
two  nuclei  and  two  masses  of  protoplasm,  forming  two  organisms,  are  produced.  The  Ophidiatfcn, 
among  the  cchinoderms,  divide  spontaneously,  and  they  are  said  to  throw  off  an  arm  which  may 
develop  into  a  complete  animal.     According  to  Trembley  (1744),  the  hydra  may  be  dindfd  into 

Eiecc%  and  each  piece  gives  rise  to  a  new  individual  [although  under  normal  dicum&tanccs  tl« 
ydra  [jivcs  .jfT  buJ*.  and  is  provirJcd  with  generative  organs], 
[Division  of  Cells. — Although  a  cell  is  defined  as  a  "  nucleated  moj^s  of  living  proto{llala^** 
recent  researches  have  shown  that,  from  a  histological  point  of  view,  a  cell  is  really  a  very  complci 

structure.  I'he  apparently  homogeneous  cell  sabOance 
is  travened  by  a  fine  plexus  of  fibrils,  with  a  hooMfc- 
neons  substance  in  Its  meshes,  while  a  similar  networte of 
fibrils  exists  wiihin  the  nucleus  itself  (Fig.  544).  A  ceB 
may  divide  directly,  as  it  were,  by  simple  clesn|m 
and  in  the  process  the  nucleus  usually  divides  l*efor«tDC 
cell  protoplasm.  The  nucleus  become^  constricted  la 
the  centre,  has  an  hour  i;;las5  shape,  and  soon  dirides 
into  two.  But  recent  obscrv^ions,  conliimcd  by  a  great 
number  of  iovestigalors,  conc1uj>i«ely  prove  that  the  prO' 
cess  of  division  in  cells  is  a  very  complicated  one,  the 
changes  in  the  nucleus  l>cing  very  remarkable.  Thetmn 
karyokinesis,  or  Indirect  division,  lias  t«en  applied 
to  this  proccsR.  Mg.  544  shows  the  changes  thm  take  place  in  the  nucleus.  The  intranucltv 
network  (o)  passes  into  a  convolution  of  thinner  librils.  while  the  nuclear  envelope  becomes  k» 
distinct,  the  fibrils  at  the  same  time  ticcoming  thicker  an>l  fnrniing  Kk^is,  which  gradnally  nmmt 
themselves  around  a  centre  (»  and  d)  in  the  form  of  a  wreath  or  rosette.  The  tibres  curve  Riad 
both  at  the  periphery  and  the  centre;  but  when  their  peripheral  connections  are  severed  or  dis- 
solved, wc  obtain  a  slar-shaped  fonn,  or  aster,  composed  of  single  Ioop«  radiating;  from  the  coMri 
[e).  After  further  subdivision,  the  whole  is  composed  of  fine  radiating  fibrils  (/).  which  gndBiUf 
arrange  themselves  around  two  pole*,  or  new  centres,  to  form  a  dJaster,  or  double  star  (x)i  lbs  t*o 
groups  being  separated  by  a  substance  called  the  equatorial  plate.  Each  of  the  groups  of  Gbnli 
becomes  more  elongated,  and  forms  a  nuclear  spindle,  which  indicates  the  position  cA  a  »rw 
nucleus.  The  sefKLrate  groups  of  fibnis  again  become  convoluted:  each  group  gels  a  nsclcsi 
membrane,  while  the  cell  protoplasm  divides,  and  two  daughter  nuclei  ore  obtained  froo  tlie 
original  celt.] 

III.  Budding  or  gemmation  occurs  in  a  wellmarked  form  among  the  polyps  and  to  tucoets* 
fiuorians  (Vurticella).  A  bud  is  given  off  by  the  parent,  and  gradually  comes  more  and  BontO 
resemble  the  latter.  The  bud  either  remains  permanently  attached  to  the  parent,  so  thai  a  complu. 
organism  is  piHluced,  in  which  the  digestive  organs  communicate  with  each  other  direrllr.  or  m 
lome  cases  there  may  be  a  "  colony  "  with  a  ojmmoo  nervous  system,  such  as  the  In 
■ome  composiic  animals  (siphonophora)  the  different  polyj^K  pcrfunn  ilifferent  funciiti  j«c 
a  digestive,  others  a  motor,  and  a  third  a  generative  function,  so  thai  there  is  a  physi" 

of  labor.      Buds  which  are  given  off  from   the  parent  arc   formed  internally  in  the  ri 

some  animals  ( |ioIyi»,  infusoria),  which  can  reproduce  themselves  by  buds  or  divistoait,  —^i 
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the  formation  of  ihaIc  and  female  etemems  of  generation,  to  that  (hey  have  a  sexual  and  non  kxuaI 
tnode  of  reproduchon. 

IV.  Conjugation  is  a  form  of  reproduction  which  lends  up  to  the  sexual  fonn.  It  occurs  in  the 
unicellular  (irecarinoc.  The  anterior  end  of  one  soch  organism  unites  with  the  posterior  end  of 
another;  boih  necamc  enc]r!4cd,  and  forro  one  passive  spherical  body.  The  conjoined  structiircx 
form  an  amorphous  mass,  from  which  numerouft  globular  bodies  are  formed,  and  in  each  of  which 
Domerous  oblong  structures — the  pflcudonavicelli— are  developed.  These  bodies  become,  or  give 
rise  to,  an  om'cbnid  xtnicture,  which  forms  a  nucleus  and  an  envelope,  and  becomes  transformed  into 
a  gre^arina. 

Sexual  reproduction  requires  the  formation  of  the  embryo  from  the  conjunction  of  the  male 
T  and  fcmafe  reproductive  clenienls,  ilie  sperm  cell  and  the  germ  cell.     Thcie  proilucts  may  be 

I  formed  either  in  on^  individual  (hermaphrwiuism,  as  in  the  Mat  wom)s  and  gasteropods),  or  in  ^wo 

separate  cir}>anismft  {male  or  female).     Sexual  reproduction  embraces  the  following  varieties: — 

V.  Metamorphosis  is  that  form  of  sexual  repraductton  in  which  the  embryo  from  an  early 
period  undergoes  a  series  of  marked  changes  of  external  funn,  r.  ^.,  the  chrysalis  stage,  and  the 
pupa  stage,  and  in  none  of  these  stages  is  reproduction  jxissihte.  Lastly,  the  final  sexually  developed 
form  (the  imago  stage  in  buttertlies)  is  produced,  which  forms  the  M:xual  products  whose  union  gives 
rise  to  organisms  which  repeat  the  same  cycle  of  changes.  Metamorphosis  occurs  extenbively 
among  the  imects;  some  of  them  have  several  ■•tages  (holu-metabotic),  and  others  have  few  •stages 
(hemi-meiaboUc).  It  also  occurs  in  some  arthropoda,  and  woiros,  e.  ^,,  trichina  ;  the  sexual  foim 
of  the  animal  occurs  in  the  intestine,  the  numerous  /arrftr  wander  into  the  muscles,  where  they 
become  encysted,  and  form  undevelo)>ed  sexual  organs,  constituting  the  pupa  stage  of  the  muscular 
trichina.  When  the  encysted  form  is  eaten  by  another  animal,  the  sexual  organs  come  into  activity, 
a  new  brood  is  fonned,  and  the  cycle  is  repeated.  Metamorphosis  also  occurs  tn  (he  frog  and  in 
petromyzon.  [This  is  really  a  condition  in  which  the  embryo  undergoes  marked  changes  of  form 
before  it  becnrocs  sexually  mature.] 

VI.  Alternation  of  Generations  (Steenstntp), — In  this  variety  some  of  the  members  of  the 
Cycle  can  produce  new  beings  nun-sexually,  while  In  the  final  stage  reproduction  is  always  sexual. 
From  a  medical  point  of  view  the  !ifehistory  of  the  tapeworm  or  Taenia  is  most  important.  The 
segments  of  the  tapeworm  arc  called  proglottides,  and  each  segment  is  hermaphrodite,  with  testes, 
vas  deferens,  penis,  ovary,  etc.,  and  numerous  ova.  The  segments  are  evacuated  with  the  ftces. 
The  eggs  are  fertilized  after  they  are  shed,  and  from  them  is  developed  an  elliptical  embryo,  prr>- 
vided  with  six  booklets,  which  is  swallowc<i  by  another  animal,  the  host.  These  embryos  bore  their 
way  into  the  (issues  of  the  host,  where  they  undergo  development,  forming  the  encysted  stage 
(Cysticercos,  Coenurus,  or  Echinococcus).  The  encysted  capsule  may  contain  one  (cysticercus)  or 
many  (coenurus)  sessile  heads  of  the  tienia.  In  order  to  undergo  further  development,  the  cysti- 
cercns  must  be  eaten  alive  by  another  animal,  when  the  head  or  acolex  fixes  its~-lf  by  its  booklets 
end  suckers  to  the  intciine  of  its  new  host,  where  it  begins  to  bud  nnd  produce  a  series  of  new 
segments  between  the  head  and  the  last-formed  segment,  and  thus  the  cycle  is  repeated. 

The  most  important  Hal  worms  are :  Tenia  solium,  in  man ;  the  Cysticercus  ceUiilosa;  in  the 
pig,  where  it  constitulcs  the  OTciw/f  in  pork  ;  Tirnia  me(!iocamUiUtt,\.\\z  encysted  stage,  in  the  ox; 
Ttenia  rpcnuruy,  in  the  dog's  intestine;  the  encysted  stage,  or  Coenurus  cerebralis,  in  the  brain  of 
the  sheep,  where  it  gives  rise  to  the  condition  of  "staggers;"  Tania  fiMinococcus,  in  the  dog's 
intestine ;  the  embryos  ur  scolicei  occur  in  the  liver  of  man  as  "  hydatids." 

The  medus»r  abo  exhibit  alternation  of  generations,  and  so  do  some  insects,  especially  the  plant 
lice  or  aphides. 

VII.  Parthenogenesis  {Owen  v.  Suiotii). — In  this  variely,  in  addition  to  sexual  reproduction, 
new  individuals  may  l>e  prudoccd  without  sexual  union.  The  non-sexually  produced  brood  is  always 
of  one  sex,  as  in  the  beers.  A  bcc-hivv  contains  a  queen,  the  workers,  and  the  drones  or  males. 
During  tlie  mutual  flight  the  queen  is  impregnatcil  by  the  males,  and  the  seminal  fluid  is  stored  up 
in  the  receptaculum  seminis  of  the  queen,  and  it  ap|)ears  that  the  queen  may  voluntarily  permit  the 
contact  of  this  fluid  with  the  ova  or  withhold  it.  All  fertilized  eggs  give  rise  to  female,  and  all  un- 
fertilized ones  to  male  bees. 

VIII.  Sexual  reproduction  without  any  intermediate  stages  occurs  in,  besides  roan,  mammals, 
birds,  reptiles,  and  most  hshes. 

43a.  TESTIS— SEMINAL  FLUID.— [Testis. — In  the  testis  or  male  repmductive  orfjan, 
the  seminal  fluid  which  contains  the  m-ilc  element  or  spermatozoa  is  formed.  The  framework  of 
the  gland  consists  of  a  thick,  strong,  white  fibrous  covering,  t^c  tunica  albuginea,  com|>o5cd 
chiefly  of  white  interlacing  fibrous  ii5sue.  Externally  this  layer  is  covered  by  the  visceral  layer  of 
the  serous  membrane,  or  the  tunica  vaginalis,  which  invests  the  testis  and  epididymis.  The  tunica 
albuginea  is  prolonged  for  some  di'^lance  as  a  vertical  xeptum  into  the  jMsierior  part  of  the  testis,  to 
form  the  mediastinum  testis  or  corpus  Highmori.  Septa  or  iraheculx — more  or  less  complete 
— stretch  from  the  under  surface  of  the  T.  albuginea  toward  the  mediastinum,  so  that  ihe  organ  is 
subdivided  thereby  into  a  number  of  compartments  or  lobules,  with  their  Ixiscs  directed  outward 
and  their  apices  toward  the  mediastinum.  From  these,  tiner  susrentacular  fibres  pass  into  the  com- 
partments to  support  the  structures  lying  in  these  compartments.] 
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STRUCTURE  OF  A  SEMINAL  TUBULE. 


[ ArTangeinent  of  Tubules. — Fjtch  compartment  cnnlains  sevenl  seminftl  lubulea,  long  co»> 
vofulcd  tul>ule»  {^hv  '"-  ^^  cJiani-)  which  rarely  branch  except  at  their  ouier  end  ;  ihey  &re  about 
twu  feet  in  length  ani1  exceed  800  in  number.  These  lubulefc  run  toward  the  medioftinuin,  thotv  in 
one  com[Mirtnient  uniting  m  an  acute  angle  with  each  other,  to  form  a  smaller  numlier  of  nairuwet, 
straight  tubulc&— lubuli  recti  (Fig.  546).  Tlic!»e  straight  tu[)ulcs  open  into  a  network  of  latmte* 
in  the  mediastinum  to  fonn  the  rete  testis,  a  dense  network  of  tubulin  of  irregular  diameter  (Mc. 
546).  From  this  network  there  proceed  12  to  15  wider  docta — the  v*»«  efTercntU — which  after 
emerging  from  the  testis  are  at  hr<»t  straight,  but  soon  iKCome  convoluted — and  form  a  scrtet  9f 
conical  emincnccR—tlie  coni  vasculosi— which  together  forro  the  head  of  the  eptdidymtB.  These 
tubes  gradually  nnitc  with  each  other  and  form  the  body  and  globus  minor  of  the  epididycnis, 
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which,  when  unraveled,  i*  a  lube  ahnut  20  feet  long  tenninatinj  in  the  via  deferent  (2  feet  long), 
which  is  the  excretory  duct  of  the  testis]. 

[Structure  of  «  Tubule. — The  seminal  tubules  consist  of  a  thick,  well  marked  liMiwnil 
membrane,  composed  of  Hatleued,  nucleated  cells  arranged  like  memhranr*  (Kig.  550,  IV  That 
tubes  are  lined  by  several  layers  of  more  or  less  cubical  cells :  there  is  an  outer  row  of  such  ceUl 
next  the  basement  membrane,  and  often  showing  a  dividing  large  nucleus.  Internal  to  these  tn 
several  layers  of  inner  large  clear  cells  with  nuclei  often  divnling,  sn  thai  they  ftmn  msny  daagklB 
cells  which  lie  internal  to  them  and  next  the  lumen.  From  these  daughter  celts  arc  formed  lbs 
ipermalozfM,  and    they  constitute  the  ape rm at ob lasts.     These  several  layers  of   cells  leave  s 
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distinct  lumen.  The  tubuli  recti  are  narrow  in  diameter,  and  lined  by  a  single  layer  of  squamous 
or  flattened  epithelium  (Fig.  546).  The  rete  testis  consists  merely  of  channels  in  the  fibrous 
stroma  without  a  distinct  membrana  propria,  but  lined  by  tiaiiened  epiitielium.  Ihe  visa  effereniia 
and  coni  vasculosl  have  circular  smooth  muscular  fibres  in  (heir  walls,  and  are  lined  b>'  a  layer 
of  columnar  ciliated  epithelium  with  striated  protoplAsm.  At  the  bases  of  these  cells  in  some  parts 
is  a  layer  of  smaller  granular  cells.  These  tubules  form  ibe  epididymis,  whose  tubules  have  the 
same  structure  (Fig.  547).  In  (he  sheep  pt^^ment  cells  are  often  found  in  the  basement  mem- 
brane. The  vat  deferens  is  lined  by  several  layers  of  columnar  epidiellum  rc-iinjj  on  a  dense 
layer  of  fibrous  tissue— the  mucosa.  Outside  this  is  the  muscular  coal,  a  thick  layer  of  non- 
striped  muscle  composed  of  a  thick  inner  cinuiar,  and  thick  outer  km^^itudinal  Inyer,  a  thin  sub* 
mucous  coat  connecting  the  muscular  and  mucous  cools  together;  outside  all  is  the  fibrous 
adventitia.] 

[The  interstitial  tissue  (Fig.  545).  supporting  the  M^mi^aI  tubules, is  laminated,  and  covered  by 
endothelial  plates,  with  slits  or  spaces  between  the  Umell.1;,  which  form  the  origin  of  the  lym- 
phatics. These  lymph  spaces  are  easily  injecled  by  the  puncture  method.  In  fact,  if  Berlin  blue 
be  forced  into  the  testis  the  lymphatics  of  the  testis  and  S]>ermattc  cord  are  readily  filler!  with  the 
Injection.  In  some  animals  (boar),  and  a  less  extent  in  man,  dog.  there  are  al^  fairly  lai^e  poly> 
hedral  interstitial  cells,  often  with  a  larj^c  nucleus  and  sometime;!  pignienlcd.  They  represent 
Ihe  residue  of  the  epithelial  cells  of  the  WolHian  bodies  (A7f)"«,l,  or,  according  to  Waldcyer,  they 
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are  plasma  cells.     The  blood  vessels  are  numerous,  and  form  a  dense  plexus  outside  the  base- 
ment membrane  of  the  seminal  tubules.] 

Chemical  Composition.— Tlie  seminal  fluid,  as  discharged  from  the 
urethra,  is  mixed  with  the  secretion  of  the  glands  of  the  vas  deferens,  Cowpcr'a 
glands,  and  those  of  the  prostate,  and  with  the  fluid  of  the  vesiculse  serainales. 
Its  reaction  is  neutral  or  alkaline,  and  it  contains  82  ]>er  cent,  of  water,  serum- 
albumin,  alkali-albuminate,  nuclein,  lecithin,  L-holesterin,  fats  (protamin?),  phos- 
phorized  fat,  salts  (2  per  cent.),  especially  phosphates  of  the  alkalies  and  earths, 
together  with  sulphates,  carbonates,  and  chlorides.  The  odorous  body,  whose 
nature  is  unknown,  was  called  "  spcrmatin*'  by  Vanquclin. 

Seminal  Pltiid. — The  sticky,  whitish*yellow  seminal  fluid,  largely  composed  of  a  mixtnre  of 
the  secretions  of  the  above-named  glands,  when  exposed  to  the  air,  becomes  more  fluid,  and  oa 
adding  water  it  becomes  gelatinous,  and  from  it  separates  whitish,  transparent  flakes.  When  long 
exposed,  it  forms  rhoinl»oidaI  crystals,  which,  according  to  Schrcincr.  consist  of  pho^phatic  salts 
with  an  organic  base  (C^H^N).     These  crystals  (Fig.  548)  are  said  to  be  derived  from  the  pros- 
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Cn'*Ub  frDtn  apcnnatic  fluid. 


tatic  fluid,  and  are  identic&l  with  ihe  »*called  Charcot's  crystals  (Hg.  144,  r.  and  |  *$$)• 
prostatic  fluid  is  thin,  milky,  omphotenc,  or  of  slightly  acid  rcoction,  oiid  is  poMCSMd  <^  the  souMi 
odor.  The  phosphoric  ncid  necessary  for  the  formation  of  the  crystals  ia  o^iuined  from  the  icwiaal 
fluid.  A  aomewnat  similar  odor  occurs  in  the  albumin  of  egf^s  not  nuite  fruh.  The  KtrtAam  td 
the  vesiculo!  scminalc!>  of  the  guinea  pig  contains  much  fibrinogea  {ihnsfn  anJ  I.anJutJkr). 

The  spermatozoa  are  50  /i  long,  and  consist  of  a  flattened,  pc-ar-shafied  bead 
(Fig.  549,  I  and  a,  k)^  which  is  followed  by  a  rod-shaped  middle  piece,  m 

{Schweigger-S^iiif}),  and  a  long  tail-like 
Fic-  548.  prolongation  or  ciliunif  /     The  whole 

spermatozoon  is  propelled  forward  by  the 
lo-and-fro  movements  of  the  tail  at  the 
rale  of  0.05  to  0.5  mm.  i>er  second ;  the 
movement  is  most  rapid  immediately 
after  the  fluid  is  shed,  but  it  gradually 
becomes  feebltr. 

Finer  Structure. — Tl)e  obMrvationa  of  JcttKfi 

have  shown  that  the  middle  piece  and  bold  an 

still  more  complex,  although  this  is  not  the  case  n 

0      .^$^IK  ^^  \    l*"<""'i  spcnnatoxoa  and  thoKof  the  bull  {C.  Jttl- 

tius).     These  consist  of  a  flattened.  Ion)*,  itamrw* 

^  transparent,  protoplasmic  macs,  with  a  fibre  oa»* 

<T^  ^"^^^S.  Jfm  ^    J^h^  */       P"!*"  of  miny  dchcaie  thread*  in  both  RMt^inL 

At  the  lip  of  the  tail  both  filrrct  unite  into  omt. 

The  fibre  of  the  one  margin  (•^  gcn^rilly  straight: 

the  other  is  thrown  into  wave-like  fuhK  of  vindt 

in  a  spiral    manner   round  the  otiiei  (  II'  Krttwf. 

Cii>hei).     it.  KctziuE  describes  a  spetial  terminiLt 

filament  (Fig.  549.  t).      An    axial    :h(cad.  »ur- 

rounded  by  an  envelope  of  protoplasm,  Ira^-rna 

the  middle  piece  and  the  tail  {Kimtr,  v.  Snawm). 

[Leydig  showed  that  in  the  salamanticr  there  is  a  delicate  memliraiie  attached  lo  the  tail,  and  Gifabo 

has  described  a  spiral  thread  attached  to  the  bead  (newt)  and  connected  with  the  roiddJe  piece  by  a 

hyaline  membrane.] 

Motion  of  the  Spermatoaoa. — [After  the  di»chargc  of  the  Kmtnal  fluid,  the  spermatozoa  ea- 
hibit  spontaneous  rnoveaicitts  fur  imtny  hour^  or  d.tys.']  The  movements  ire  due  to  the  lathing 
movements  of  the  tail,  which  moves  in  a  circle  or  ruintes  on  its  long  axi^,  the  impulse  to  movcmcnl 
proceeding  from  the  protoplasm  of  the  middle  piece  and  the  tail,  which  seem  to  be  capable  of  mot- 
ing  when  they  are  detached  [Eimcr).  These  mm'emcnt'*  are  cnmjwrable  to  tho»e  that  occur  ia 
cilia  (3  392),  and  there  are  tran.Miion  forms  between  ciliary  and  amo-boid  movements,  as  in  the 
Moncra.  Reagents. — Within  the  testis  they  do  not  exhibit  movement,  as  the  fluid  is  not  sulKcitnlly 
dilute  to  permit  them  lo  move.  Their  movements  are  specially  lively  in  the  normal  secrelkin  of 
Ihe  female  sexual  organs  {fiiitkoff),  arxi  ihey  move  pretty  freely,  and  for  a  long  tinte,  in  all  anniu] 
animal  M:crotion!i  cxce|-i(  saliva.  Their  movements  are  [Miralyjie*!  by  water,  alcnhol,  ethci,  chK«ra- 
form,  creosote,  gum.  dextrin,  vegetable  mucin,  syrup  of  grape  sugar,  or  very  alkaline  or  acid  uterine 
orvaginal  mucus  (Z^riNi'),  acids  and  metallic  salts,  and  a  too  high  or  too  low  tcmpcntnre.  The 
narcotics,  as  long  as  they  arc  chemically  iiidifTcicnt.  behave  as  Indifferent  fluiils,  arid  su  ilo  mednuu 
solutions  of  area,  sugar,  albumin,  common  salt*  glycerin,  amygdaltn,  etc. ;  but  if  these  lie  loo  dihuc 
or  too  conccntr3le<l.  they  alter  the  amount  of  water  in  the  spermatozoa  and  paralyxe  them.  TW 
qaiescence  prtxiuccd  by  water  may  be  set  aside  by  d'ttuie  alkalies  ( llrehorv\,  as  with  cilia  (p.  491!. 
Engelmann  fmds  that  minute  traces  of  acids,  alcohol,  and  ether  excite  movement*  The  itm— • 
tozoa  of  the  frog  may  V»e  frozen  four  times  in  succession  without  liillmg  ibcm.  They  bearalwaCof 
•t.l7S°  '-*-  ^"^  ihey  will  live  for  70  days  when  placed  in  the  abdominal  cavrtj  of  anotbcr  frv^ 

ReaiBtance. — Owing  to  the  large  amount  of  earthy  salts  which  the)-  contain,  when  dried  opoa 
a  microscopical  slide  they  still  retain  their  form  (  Vultnlin,.  Their  form  is  not  destroyed  by  niirk, 
sulphuric,  hydrochloric,  or  boiling  acetic  aciil,  or  b)-  caustic  alkalies;  solutions  of  Na<.'l  and  «aU- 
petre  (10  to  15  per  cem.)  change  them  into  amorphous  maascs.  Their  organic  baais  resemblea  iIk 
semi-sotid  albumin  of  epithelium. 

Seminal  fluid,  besides  spermatozoa,  also  contains  aeminal  cells,  a  few  efiiihcltal  ccUt  froa  ibf 
seminal  pansagcs.  numerous  lecithin  granules,  stratified  amyloi<l  todies  <  inconstant  |,  grannittr  yellow 
pigmeni,  especially  in  old  age.  leucocytes,  and  sperma  crystals  \Fiirhimgtr\. 

Devetopment  of  Spermatozoa. — The  walls  of  the  seminal  tubules,  ir,  which 
are  made  up  of  spindle-shaped  cells,  are  lined  by  a  nucleated,  protoplasmic  laytf 


Scnt-diunoiiniitlc  ki>«rn)ato|onc*lft;  1.  tran«verut«c(iotiuf  SMmlnalnibiilc — •!,  membninc  :  i$,  protoplnttnlc  Inner 
Umng  :  c,  ipcrmaioblut;  i,  leromal  celli.  II,  Unripe  ipcrmatoblui— y^,  rounded  cleavaic  lobiiln  .-  /,  Mmn.al 
cclk.  IV,  tpcTTBAtoblAtt,  with  dpc  •pcruilonua  (•r)  not  yet  dciachcd ;  tail,  r ;  m,  wftll  of  the  tcmiohl  tubule  : 
A,  iu  pruiopbumic  layer.     Ill,  ipermaivblaii  with  a  ftpermaloioon  free,  /. 

matoblast  elongates  into  a  tail  (IV,  r),  while  the  deeper  part  forms  Che  head  and 
middle  piece  of  the  future  spermatozoon  (IV,  i).    At  this  stage  the  spermatoblast 
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is  like  a  greatly  enlarged,  irregular,  cylindrical,  epithelial  cell.  When  develop- 
ment is  complete,  the  head  and  middle  piece  are  detached  (III,  t\  and  ultimaieJjr 
the  remaining  part  of  the  sj>ermatoblast  undergoes  fatty  degeneration.  Not  un- 
frequently  in  spermatozoa  we  may  observe  a  small  mass  of  protoplasm  adhcriog  to 
the  tail  and  the  middle  piece  (III,  /).  Between  the  spermatoblasts  are  nurocroui 
ruund  amtuboid  cells  devoid  of  an  envelojK;,  and  connected  to  each  other  by  pro- 
cesses. They  seem  to  secrete  the  Jiuiti  part  of  the  semen,  and  ihey  may,  ihercfofC, 
be  called  seminal  cells  (I,  s,  II,  III,  IV,  p).  \  spermatozoon,  thereforf, 
is  a  detached,  independently  mobile  cilium  of  an  enlarged  epithelial  cell.  Some 
observers  adhere  to  the  view  that  the  spermatozoa  are,  in  part,  at  least,  formed 
within  round  cells,  by  a  process  of  endogenous  development. 

Shape. — The  spcnnatoioa  of  mast  nnim.il$  arc  like  cilia  with  larger  or  unaller  headL  The  hr»d 
is  elliptical  (mammals),  (ir  pear-shftpefl  (mammals),  or  cylinilrical  (birds,  amphtbiaTui,fuh}.or  cork- 
screw (»ingin);  birds,  paluUinat,  or  merely  tike  hairs  (insects — Pig.  549).  Imaiobtle  ftemintl  cclli, 
quite  difTereni  Trom  ihe  ordinary  funns,  occur  in  mynapoda  and  the  oytfcr. 

433.  THE  OVARY— OVUM-UTERUS.— [Structure  of  the  Ovary  1  Fig.  551).— The 

ovary  cunsibts  of  a  connective-tissue  framework,  with  hlcHjd  vessels,  nerves,  lymphatics,  and  numer- 
ous Dun  <4ripcd  miiMTulur  fibres.  Ttie  ova  are  embccl>le<i  in  this  matrix.  The  surface  of  ibc  ovary 
is  covered  with  a  layer  of  columnar  epithelium  (Fig.  552,  t),  the  remains  of  the  germ  cpitheUuia. 

FiC.  S5>. 
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Section  of  a  cat's  ovary.     The  place  ol  ■tlachmcm  vr  hilum  U  belnw.    Ou  the  kft  is  •  cocpvi  lulcma. 


The  most  superficial  layer  is  called  the  ilbuginea ;  it  does  not  contain  any  ova.  Below  it  is  the 
cortical  layer  uf  Schrdn,  which  contains  the  smallest  GraaBan  follicles  {^^  inch — Fig  551),  while 
deeper  down  are  the  latter  follicle*  ( j^g  to  j\^  inch).  There  are  40.000  to  yojxto  follicles  in  ihe 
ovary  of  a  female  infant.     Each  ovum  lies  wiihin  its  follicle  or  Graafian  vesicle.] 

Structure  of  an  Ovum.— The  human  ovum  (T.  £.  v.  Baer,  iSij)  is  o  |3  to  o.a  mm.  [ylfi'i'] 
in  diameter,  and  is  a  spherical,  cellular  body  with  a  thick,  solid,  elastic  envelope,  the  aoo«  pcUu- 
cida,  with  radiating  strirx.  The  zona  pellncida  encloses  the  cell  contents,  repreiientcd  by  the  [av- 
toplasmic,  cn^nuUr,  cootradilc  vitellua  on  yelk,  which  in  turn  contains  the  ccceutrieally -placed 
spherical  nucleus  or  germinal  vesicle  (40-50 //—/'«r*i>i/>,  tSiS  •'  Cottts  iSs4)-  The  gtrmlnal 
vehicle  contains  the  nucleolus  or  germinal  spot  (5-7  fi — H.  IVagner,  /Sjj).  The  ehtmifi am. 
petition  is  given  in  \  232. 

[Ovum.  Cell. 

Zona  pcllucida  corresponds  to  the  Cell  wall. 

Vitellus  •'  "      Cell  contents, 

Germinal  v&ide        ^  "       Nticleus. 

Germinal  s)Kit  *'  **      Nucleolus.] 

[This  anangemeni  shows  the  corresponding  parts  in  a  celt  and  the  ovum,  and  in  fact  the  ol 
represents  a  typical  cell  1 

The  aona  pellucida  (tig.  553.  V.  Z),  to  which  cells  of  the  Graafian  follicle  are  oftea  adhcivnC 
is  a  cuiicuUr  membrane  formed  secondarily  by  the  follicle  1  fytUger).  AccQn.ling  to  van  BrscdcB, 
it  is  lined  by  a  thin  membrane  next  the  vitellus,  and  he  rci^ards  the  ihua  membrane  as  the  origtaid 
cell  membrane  of  the  ovum.     The  Bae  radiating  atrtse  in  the  aotia  are  said  to  be  dtte  10  ibc  eaWt- 
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ence  of  numerous  canals  {ICNUier,  v.  SfhUn).     It  is  still  undecided  whether  there  U  a  special 
mUrt>pyU  or  hole  for  the  entrance  of  the  spermatozoa. 

A  micropyle  has  been  observed  in  some  ova  (holothurians,  many  fiBbes,  muaacls).  The  ova  of 
some  animals  (many  insects,  f.,^.,  the  flea)  have  ])orous  canals  in  some  pan  of  their  lona,  and  thcK 
serve  both  for  the  entrance  of  ihe  sjicnnatoKoa  and  for  the  respiratory  exchanges  in  the  ovum. 

The  development  of  the  ova  takes  place  in  the  following  manner:  The 
surface  of  the  ovary  is  covered  with  a  layer  of  cylindrical  epithelium — the  so- 
called  *'  germ  epithelium" — and  between  these  cells  lie.  somewhat  spherical, 
*'  primordial  ova"  (Fig.  553,  I,  a,  a).  The  cpilhelimn  covering  the  surface 
dips  into  the  ovary  at  various  places  to  form  "ovarian  tubes"  i^Waideyer), 
These  tubes,  from  and  in  which  the  ova  are  developed  (  WaMeyer)^  become  deeper 
and  deeper,  and  ihey  contain,  in  their  interior,  large,  single  spherical  cells  with 
a  nucleus  and  a  nucleolus,  and  other  smaller  and  more  numerous  cells  lining  the 
lube.  The  large  cells  are  the  cells  (primordial  ova)  that  are  to  develop  into 
ova,  While  the  smaller  cells  arc  the  epithelium  of  the  tube,  and  are  direct  con- 
tinuations of  the  cylindrical  epithelium  on  the  surface  of  the  ovary.  The  upper 
extremities  of  the  tubes  become  closed,  while  the  tube  ilself  is  divided  into  a 
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MCtEoa  of  an  oviry.    /,  g«nn  evltheliuin  ;  i,  Urgc-^lfcd  foilUlc^  ,  ■>,  i,  miJiile-fited,  and  3,  3,  souUerniiicd  fotlidet; 
9,  ovuca  wltltin  a  OrxaAan  fulUdc;  t>,  v,  blood  vetacti  af  the  lUoma;  ^,  cells  of  the  memhrana  granulosa. 

number  of  rounded  compartments — snared  off,  as  it  were,  by  the  ingrowth  of  the 
ovarian  stroma  (I,  c).  Each  compartment  so  snared  off  usually  contains  one, or, 
at  most,  two,  ova  (IV,  o^  o),  and  becomes  developed  into  a  Graafian  follicle. 
The  embryonic  follicle  enlarges,  and  fluid  appears  within  it;  while  its  lateral 
small  cells  become  changed  into  the  epithelium  lining  the  Graafian  follicle  itself, 
or  those  of  the  membrana  granulosa.  The  cells  of  the  membrana  granulosa  form 
an  elevation  at  one  part — the  discus  proUgerus — by  which  the  ovum  is  attached 
to  the  membrana  granulosa.  The  follicles  are  at  first  only  0.03  mm.  in  diameter, 
but  they  become  larger,  especially  at  puberty.  [The  smaller  ova  are  near  the 
surface  of  the  ovary,  the  larger  ones  deeper  in  its  substance  (Fig.  551).  When  a 
Graafian  follicle  with  its  ovum  is  about  to  ripen  (IV),  it  sinks  or  passes  down- 
ward into  the  substance  of  the  ovary,  and  enlarges  at  the  same  time  by  the  accu- 
mulation of  fluid — the  liquor  folliculi — between  the  tunica  and  membrana 
granulosa.  It  is  covered  by  a  vascular  outer  membrane — the  theca  folliculi — 
which  is  lined  by  the  epithelium  constituting  the  membrana  granulosa  (IV, 
f).     When  a  GraaBan  follicle  is  about  to  burst,  it  again  rises  to  the  surface  ol 
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the  ovary,  and  attains  a  diameter  of  i.o  to  1.5  mm.,  and  is  now  ready  to  bnr«t 
and  discharge  its  ovum.  [The  tissue  between  the  enlarged  Graafian  follicle  and 
the  surface  of  the  ovary  gradually  becomes  thinner  and  thinner  and  less  vawiubr, 
and  at  last  gives  way,  when  the  ovum  is  discharged  and  caught  by  the  fimbriated 
extremity  of  the  Fallopian  IuIm;  embracing  the  ovary,  so  that  the  ovum  is  shed 
into  the  Fallopian  tube  itself.]  Only  a  small  number  of  the  Graafian  follicle* 
undergo  development  normally,  by  far  the  greatest  number  atrophy  and  never 
ripen.  (The  study  of  the  development  of  the  ova  and  ovary  was  advanced  par- 
ticularly by  Martin  Barry,  PflOger,  Billroth,  Schrdn,  His,  Waldeyer,  KdlUkcr, 
Koster,  Lindgren,  Schulin,  Foulis,  Balfour  and  oihere.) 

According  to  Waldeyer,  the  maininaHan  ovum  is  not  t  Minple  cell,  but  t  cofn(Mund  ttroctt 
The  original  primitive  ovum  it,  according  to  him,  formed  only  of  the  germiDaJ  vdicle  an  ' 

Fig.  553. 
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aa  ovariMt  tuba  In  procci*  of  devclopmcni  (new-boin  girl),  a,  a,  yumiit  "^ 
surface  of  cbc  ovary  :  fi,  ihc  ovarian  tub«  with  ova  and  cplthtlial  celU  c, 
an  ovum.     II,  Open  ovarian  tube  frota  a  bltcb.     II),  Uolalcd  ptimorvlidl  uvuni  t^Jiiianj 
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n'.4il  TilUcIc  cut  off  aikd  cntloitaal 
IV.  OklOTfeOMlcvMEl 


Iwo  ova  iff,  tf)  and  lh«  luntca  granuloma  {ri  of  a  bitch.     V,  Part  of  ilia  aurfaca^ol  a  fi(>«  omn  uf  a  r>btU— a. 

:eTl»  of  ill 


lona  pellucida ;  tt,  vltcUus  ,  /,  adherent  eel 
Farmatlon  of  the  second  polar  globule  (A«/). 


the  membrana  graniiloaa.    VI,  Flr«l  polar  glutnUe  famod-    VII, 


minal  »pot,  n-ith  the  lurrounding  membranous  clear  part  of  the  ritelliu  (Fig.  5^3,  ITIV  Th« 
remainder  of  the  vitellus  is  developed  by  ihe  tranaformation  of  grmnuloaa  cclla,  which  alao  torn  the 
tona  pellucida. 

HotobUstlc  and  MerobUatIc  Ova.— The  ova  of  frogs  and  cyclostomatm  are  built  on  the 
type  as  mammaUan  ova;  they  are  called  holoblastic  ova,  because  all  their  coniciita  go  to 
cells  which  take  pail  in  the  rormaiion  of  the  embryo.     In  contrut  with  Ihete,  the  birds,  the 
tremes  alone  among  the  mammaU  [CaUhttfU),  the  reptiles,  and  the  other  lishes  have  mi 
ova  [H/icktrt).     Tlie  laiicr,  in  addition  to  the  white  or  formative  yelk,  which  correspoads  to 
yelk  of  the  bolobloAiJc  v^iS^,  and  gives  rise  to  the  embryonic  cclU,  cuntain»  the  food  yelk  (yelloi 
birds),  and  which  during  development  is  a  reserve  store  of  food  for  the  developing  embryo. 

Hen's   Egg. — The  small,  white,  round,  6nely  granular  ipeclc,  the  cicatricula,  blaatodcrni.  oc 
tread,  which  u  2.5-3.5  ^^^  broad  and  0.28-0.37  thick,  lying  upon  the  surface  of  the  yetWw  wlh^. 
correapondi  10  the  contents  of  the  mammalian  ovum,  and  is,  therefore,  (he  formative  yelk.     (T 
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cicatricttla  in  an  unincubated  egg  is  always  uppermost  whatever  the  position  of  the  egg,  provided 
ihe  conieots  can  rotnte  freely,  and  this  is  due  to  the  lijihter  ispecific  gravity  of  thai  part  of  the  yelk 
in  connection  with  the  cicatricula.  In  a  fecundated  egg  the  cicairicula  ha«*  a  wliite  margin  (the 
area  opaca).  surrounding  a  clear.tninsparent  area,  the  beginning  of  the  area  pellucida*  containing 
an  opa^iuc  spot  in  its  centre.  If  an  egg  he  boiled  very  hard  and  a  lection  mad^  of  the  yelk,  it  will 
be  found  to  con-isi  of  altemaiing  layers  of  while  and  yellow  yelk.  The  outermost  layer  is  a  thin 
layer  of  white  yelk,  which  is  slightly  thicker  at  the  margin  of  the  cicatricula.  Within  the  centre  of 
the  yelk  is  a  flask-shaped  mass  of  white  yelk,  the  neck  of  the  flask  being  connected  with  the  white 
yelk  outside.  This  ftask-shapcd  m.ass  docs  not  Iwcomc  so  hard  on  being  boiled,  and  its  upper, 
expanded  end  is  known  as  the  **  nucleus  of  Pander  "  The  great  masji  of  the  yelk  is  made  up, 
however,  of  yellow  yelk.]  Microscopically,  the  yellow  yelk  consists  of  soft,  yellow  spheres,  of 
from  23-100  u  in  diameter,  and  ihcy  are  often  polyhedral  from  mutual  pressure.  [They  are  very 
delicate  aitd  non-nucteated.  hut  filled  with  fine  granules,  which  are,  perhaps,  proteid  in  their  nature, 
as  they  are  insoluble  in  ether  or  alcohol.  Thcv  are  developed  by  the  pToltferation  of  the  granulosa 
cells  of  the  Clraafiao  follicle,  which  also  seem  ultimately  to  form  the  granulo-fibrous  double  envelope 
Of  the  vitelline  membrane  (AVw/*-).     The  whole  yelk  of  the  hen's  e^  is  regarded  by  some  ob- 
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servers  as  equivalent  to  the  mammalian  ovum  j^us  the  corpus  luieum.  Microscopically,  (he  white 
yrik  consists  of  small  vc^icl«s  (5-75  /*)  containing  a  refractive  sulmance,  and  larger  spheres  con- 
taining several  smaller  spherules.  The  whole  yelk  is  enveloped  Ijy  the  vitelline  membrane,  which 
is  transparent,  bat  posses«s  a  fine  fibrous  srructure,  and  it  seems  to  be  allied  to  elaf;ttc  tissue.] 
When  the  yelk  is  fully  developed  within  the  Graafian  follicle  of  the  hen's  ovarium,  the  follicle  bunts 
ind  discharges  the  yelk,  which  passes  into  the  oviduct,  where  in  its  passage  it  rotates,  owing  to  the 
direction  of  the  folds  of  ihe  mucous  membrane  of  the  oviduct.  T  he  numerous  glands  of  the  oviduct 
secrete  the  albumin,  or  white  of  the  egg,  which  is  deposited  in  layerii  around  the  yelk  in  its  passage 
along  the  duct,  and  forms  at  the  anterior  and  posterior  poles  the  chalazae.  [The  chalazae  are 
two  twisted  cords  composed  of  twisted  layers  of  the  outer,  denser  part  of  the  albumin.  They  extend 
from  the  poles  of  the  yelk  not  quite  to  the  outer  part  of  the  albumin.]  [The  albumin  is  invested 
by  the  membrana  testacea.  or  shell  membrane,  which  is  composed  of  two  layers — an  outer 
thicker  and  an  inner  thinner  one.  (_)ver  the  greaier  part  of  the  albumin  these  two  layers  arc  united, 
but  at  the  broad  end  of  the  hen's  egg  they  tend  to  separate,  and  air  passing  through  the  porous  shell 
separates  them  more  and  more  as  the  fluid  of  the  egg  evaporates.  This  air  space  is  not  found  in 
fresh-laid  eggs.]     The  layers  consist  of  spontaneously  coagulated  kerarin-like  fibres  arranged  in  a 

55 


I'UBERTV. 

• 

kpiral  manner  amuDil  the  albumin  {IJndvall  and  Hanianten).  [Exlema]  to  thin  is  the  te*t,  or 
shell,  which  consius  of  nn  organic  matrix  impregnated  with  lime  ulls.1  The  shell  oonmstsof 
albumin  impregniled  with  lime  sails,  which  form  a  very  porous  monar.  [The  shell  is  poroiu,  aod 
its  inner  layer  is  perforalcd  by  vertical  canals,  through  which  the  respiratory  cxchattge  of  the  gaM» 
Can  take  place.]  In  the  eg^s  of  some  birds  there  is  au  outer  struciurelesa,  poruus,  Uimy,  or  iiJty 
cuticula.  The  shell  is  secreted  in  the  lower  pan  of  the  oviduct.  The  shell  is  partly  used  up  ior 
the  develapment  of  the  bones  of  the  chick  \^Pre%U„  Gruwf,  alihough  thu  is  denied  by  Putt  amd 
Prtyer).  The  piijmcni  which  often  occurs  in  many  layers  on  the  surface  of  the  eix*  **f  some  birds 
appears  to  be  a  derivative  of  hremoglohm  and  biliverdin. 

Chemical  Compoaition, —  The  yellow  yelk  is  alkaline  and  colored  yellow,  owing  to  iW 
presence  of  lutein,  which  contains  iron.  It  contains  several  ptoleids  [including  a  globulin  bo<3f 
caMcd  vitellin  (p.  409/],  a  twdy  resembling  nucletn,  lecithin,  vitcilin.  glycerir-phosphoric  uid, 
cholesterin,  otein,  palmitm,  dextrose,  potasstc  chloride,  irun,  earthy  pliosplutcs.  fluoric  and  sOidc 
adds.  The  presence  of  ccrebrin,  glyct^en,  and  starch  is  uncertain.  [Darc!fte  states  that  staich  ii 
present.] 

I^The  albumin  of  egg  contains — water,  S6  |>er  cent.;  proleids,  12;  fai  and  cxtnctiret,  1*5; 
aahne  mailer,  including  sodic  and  poinsxic  chlorides,  phosphates,  and  sulphates,   5  per  cent] 

[The  uterus,  n  lliick,  holU}^^,  muscular  organ,  is  covered  externally  by  a  serous  coat,  and  Uficd 
inlcrnally  by  a  mucous  membrane,  while  between  the  two  is  the  thick  muscular  cost  cgmpcspJ 
of  smooth  muscular  fibres  arranged  in  a  great  number  of  layers  and  in  different  directions.    Tte 
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mucous  membrane  of  the  body  of  the  uterus  in  the  unimpregnated  condition  has  no  folds,  whik  the 
muscularis  mucosor  is  very  well  developed  and  forms  a  great  part  of  uterine  niusculai  wall  Ibe 
mucous  membrane  is  lined  by  a  single  layer  oi  columnar  cihalefl  epitheliom.  A  venical  »ectM» 
shows  the  mucous  membrane  to  contain  numerous  tubular  glands  (Fig.  554) — the  uterine  gUnds 
—which  branch  toward  their  lower  ends.  They  have  a  membnuia  proj^ia,  and  are  lined  liy  a  siBgle 
layer  of  ciliated  epithelium,  a  small  lumen  being  left  in  the  centre.  The  utncular  glands  are  (wl 
formed  during  intra  nterine  life  f  Turner),  nor  are  there  .iny  glands  in  the  human  Menu  as  btffa 
{G.J.  Engelmttnn).  There  are  numerous  slu-tike  lymphatic  s|)accs  in  the  mucous  ntflfeUsiBe 
{Leopold),  which  communicate  with  well-marked  lymphatic  vessels  existing  in  this  and  the  «lba 
layers  of  the  organ.  In  the  cervix  the  mucous  membrane  is  folded,  presenting  in  the  nrfu  tbt 
appearance  known  as  the  arbor  vitsc.  The  external  surface  of  the  T&ginal  part  of  the  neck  is  oovocd 
by  stratified  squamous  epithelium,  like  the  vagina.] 

[The  Fallopian  tubes  are  really  the  ducts  of  the  ovaries  (Fig.  555).  They  constat  of  smusi, 
muscular  (an  external,  longitudinal  and  an  intemal  circular  Uyer  of  non  slnped  musdc),  Hirf  a 
mucous  layer  thrown  into  many  folds  and  lined  by  a  single  layer  of  ciliated  colamnar  «p|tit*tT*. 
but  no  glands  (Fig.  556).] 

434.  PUBERTY. — The  term  puberty  is  applied  to  the  period  at  whirh  a 
human  being  becomes  capable  of  procreating,  which  occurs  from  the  13th  to  I5tii 
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years  in  the  female  and  the  14th  to  r6lh  in  the  male.  In  warm  climates,  puberty 
Diay  occur  in  girls  even  at  8  years  of  age.  Toward  the  40th  to  50th  year  the 
procreative  faculty  ceases  in  the  female  with  the  cessation  of  the  menses;  this 
constitutes  the  menopause  or  grand  climacteric,  while  in  man  procreation 
has  been  observed  up  to  any  age.  From  the  age  of  puberty  onward,  the  sexual 
appetite  occurs,  and  the  ripe  ova  are  discharged  from  the  ovary.  [It  seems,  how- 
ever, that  ova  are  discharged  even  before  puberty  or  menstruation  has  occurred.] 
At  puberty  the  internal  and  external  generative  organs  and  their  annexes  become 
more  vascular  and  undergo  development ;  the  f»elvis  of  the  female  assumes  the 
characteristic  female  shape.  For  the  changes  in  the  mamra?e,  see  §  230.  At  the 
same  time  hair  is  developed  on  the  pubes  and  axilla,  and  in  the  male  on  the  face, 
while  the  sebaceous  glands  become  larger  and  more  active. 

Other  changes  occur,  especially  in  the  larynx.  In  the  boy  the  larynx  elongates  in  its  antero- 
pofttehor  diameter,  the  thyroid,  or  Adam's  apple,  becomes  more  prominent,  while  the  vocal  cords 
lengthen,  so  that  the  voice  is  hoarse,  or  husky,  01  **  breaks,"  the  voice  being  lowered  at  least  aa 
octave.  Ill  the  female  the  larynx  becomes  lunger,  while  the  compass  of  the  voice  i&  increased. 
The  vital  capacity  {\  loS),  corres^iondin^  10  the  increase  in  the  size  of  the  chest,  undergoes  a  con- 
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siderable  increase;  the  whole  form  and  expression  assume  the  characteristic  sexual  appearance, 
while  the  psychical  energies  also  receive  an  impulse. 

435.  MENSTRUATION.— External  Signs.— At  regular  intcnals  of 
lime,  of  3714-28  days,  in  a  mature  female,  there  is  a  rupture  of  one  or  more  ripe 
Graafian  follicles,  while  at  the  same  time  there  is  a  discharge  of  blood  from  the 
external  genitals.  This  is  known  as  the  process  o{  menstruation  (or  menses,  cata- 
menia  or  periods).  Most  women  menstruate  during  the  first  quarter  of  the  moon, 
and  only  a  few  at  new  and  full  moon  (Strohf).  In  mammals,  the  analogous  con- 
dition is  spoken  of  as  the  period  of  heat  [or  the  "  rut "  in  deer].  There  i^  a 
slightly  bloody  discharge  from  the  external  genitals  in  camivora,  the  mare  and 
cow  (An'sttft/e),  while  apes  in  their  wild  condition  have  a  well-marked  menstrual 
discharge  {^Neubert),  [Observations  on  cases  where  abdominal  section  has  been 
performed  have  shown  that  the  Graafian  follicles  mature  and  burst  at  any  time 
iLaioson  Tait,  Leopold^.'\ 

The  oniet  of  mcnstruatiop  is  usually  heralded  by  conxtilutional  and  local  phenomena — there  is 
an  increased  feeling  of  congestion  in  the  iniemal  generative  organs,  pain  in  the  back  and  Uiins.  ten- 
sion in  the  region  of  the  uterus  and  ovaries,  which  are  sensiUve  to  pressure,  fatigue  in  the  limbs, 
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tU«rnate  feeling  of  lieat  and  cold,  and  even  a  alight  increaic  of  the  temperalnre  of  the  aliia 
{^Kfrseft],  There  may  be  rcivdation  of  the  process  of  dige»tion  and  vuiujotu  in  the  evacnauoa 
of  (he  fxccs  aud  urine,  and  in  the  secretion  of  sweat.  The  discharge  is  i/imy  at  firit,  anJ  ibea 
becomes  blv^y^  lasting  three  to  fuur  <)ajrs;  the  blood  ti  vcaous,  and  shows  little  lendencr  to  coagti* 
laie,  provided  it  is  mixed  with  much  alUaline  mucus  from  the  genital  patfAges;  but  if  the  henwr- 
rfa^e  be  free,  the  blood  may  be  clotted.  Ilie  quantity  of  blood  is  100  to  300  crms.  [Tb<  blood 
contains  many  white  blood  corpuscles  and  cpiihclial  cells.]  After  cessation  of  the  diicha^  «( 
blood  there  is  a  modemie  amount  of  mucus  given  aSH. 

The  characterUtic  internal  phenomena  which  accompany  menstruation  are: 

Ci)  The  changes  in  the  uterine  mucous  membrane;  and  (a)  the  rupture  of  ihe 

Graafian  follicle. 

I,  Changes  in  the  Uterine  Mucous  Membrane. — The  uterine  mucous 

membrane  w  the  chief  source  of  the  blood.     The  ciliated  epithelium  of  the  con- 

gestedt  swollen,  and  folded,  soft,  thick  (5 
to  6  mm.)  mucous  membrane  is  shed.  Ilw 
orifices  of  the  numerous  mucous  glands  of 
-the  mucous  membrane  are  distinct,  the 
glands  enlarge,  and  the  cells  undergo /i:/y^ 
degeneration y  and  so  do  the  tissue  and  the 
blood  vessels  lying  between  the  glands.  The 
tissue  contains  more  leucocytes  than  normal. 
Thib  fatty  degeneration  and  the  excretion  of 
the  degenerated  tissue  occur,  however,  only 
in  the  superlicial  layers  of  the  mucosa, 
whose  blood  vessels,  when  torn  acrroGE,  yield 
the  blood.  The  deeper  layers  remain  in- 
tact, and  from  them,  after  menstruation  is 
over,  the  new  mucous  membrane  is  devcl- 
oi>ed  {^Kundrat  and  G.  J.  JEnge/tnann). 
[i^opold  denies  the  existence  of  thU  fatty 
degeneration,  .\ccording  to  Williams^  the 
entire  mucous  membrane  is  removed  at  each 
menstrual  period,  and  it  is  regenerated  from 
the  muscular  coat  (Fig.  55S).  The  mucL>ut 
membrane  of  the  cervix  remains  free  from 
these  changes.] 

fto.  ssr-Dbgnm  of  ttie  uterui  juft  before  own-      3.  Ovuiation. — The  sccond   tm]iortan( 
•imaUoo.    Tbe^  .h.dri  portion_rc^rc^nu  Ac  imcrnal  phenomenon  is  ffvulatian,  in  which 
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rti.  iSowini  Ihe  caWnr  proccss  tlic  ovary  becomes  more  va»cuUu 

.uwyu.  membrane  kJ   j,^^.  ^.^  foUide   is    lurgid  with    iluid,  and    W 

part  projects  above  the  surface  of  thcorary. 
The  follicle  ultimately  bursts,  its  membranes  and  the  epithelium  covering  ot  the 
ovary  being  torn  or  give  way  under  the  pressure,  the  bursting  being  accompanied 
by  the  discharge  of  a  small  amount  of  blood.  At  the  same  time,  the  congested. 
turgid,  and  erected  fimbriated  extremity  of  the  Fallopian  tube  (Fig.  555^1  is  applied 
to  the  ovary,  so  that  the  discharged  ovum,  with  its  adherent  granulosa  cells  and  (he 
liquor  folliculi,  are  caught  by  the  funnel-shaped  extremity  of  the  tube.  The  ovum, 
when  discharged,  is  carried  toward  the  uterus  by  the  ciliated  epithelium  (§  4^1) 
of  the  tube,  and  perhaps,  also,  partly  by  the  contraction  of  its  muscular  coau. 
Dncalliez  and  Kilas  found  that,  by  fully  injecting  the  blood  vessels,  they  cooJd 
imitate  the  erection  of  the  Fallopian  tube.  Rouget  ix>inis  out  that  the  non-stiipcd 
muscle  of  the  broad  ligaments  may  cause  constriction  of  the  vessels,  and  thm 
secure  the  necessary  injection  of  the  blood  vessels  of  the  Fallopian  tube. 

PflUger'a  Theory.— There  are  two  ibeories  as  to  the  connection  tietwecn  ovutailon  or  tfat  ^»- 
charge  of  an  ovum  and  the  escape  of  blood  from  the  uterine  mucous  membrane.  POOcer  iifiJs 
the  bloody  discharge  from  the  superficial  lajrcn  of  the  utenne  mucous  membrane  as  a  iiiij^iolwrinl 
preparation  or  •*  fretheolng  "  of  the  tiMue  (in  the  surgical  sensej,  b^  which  it  vlU  be  pmmrul  » 
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Teccive  rhe  ovum  when  \ht  latter  reaches  the  uterus,  so  that  union  can  laVc  place  between  the  ovum 
and  the  freshly  •exposed  surface  of  the  mucous  membrane,  and  thus  the  ovum  will  receive  nourish- 
ment from  a  new  surface. 

Reicbert's  Theory.— This  \-iew  is  opposed  to  that  of  Reichen,  Eogelmann,  Williams,  and 
others.  According;  to  Keichert's  theory,  t>efore  an  ovum  is  dischnr(;cd  at  all  there  is  a  sympathetic 
■  change  in  the  uterine  mucous  mcmbrnne,  whereby  it  Iwcomes  more  vii5cul'3r,  more  spongy,  and 
swollen  up.  The  muotis  membrane  so  altered  i^  s|x>l(en  of  as  the  r/n'mfirntiti  dfci^ua  menslruaiit^ 
and  from  its  nature  it  is  in  a  proper  condition  to  receive,  retain,  and  nourish  a  fertilized  ovum  which 
may  come  into  contact  with  It.  If  the  ovum,  however,  be  not  fertilized,  and  escapes  from  the  gen- 
ital passages,  then  the  uienne  mucous  membrane  det;encraies  and  blood  is  shed  as  above  described. 
According  to  Ihia  view,  the  hemnrrhage  from  the  uterine  mucous  membrane  is  a  siign  of  the  non- 
occurrence of  pregnancy;  the  mucous  membrane  depcnerntes  l»ecausc  it  is  not  rc'iuired  for  this 
occasion ;  the  menstrual  blood  is  an  external  si^i  that  ihe  ovum  has  not  been  impregnated.  So  that 
prej^nancy,  i.  <■.,  the  development  of  the  embr>'o  in  utcro,  is  to  be  calculated,  not  from  the  last  men- 
struation, but  from  some  time  hetttccn  the  last  menstruation  and  the  period  which  does  not  occur. 

In  MJtne  caM.-'  the  ovulation  and  the  foimalion  of  the  decidua  menstrualis  occur  separately,  so 
that  there  may  be  menstruation  without  ovulation,  and  ovulation  without  menstruation. 

Corpus  Luteum.— When  a  Graafian  follicle  hursts,  it  dischargees  its  contents  and  collapses:  in 
the  interior  ore  the  remains  of  the  membrana  ^riiiulosa  and  a  small  en~usian  of  blood,  which  soon 
coagulates.     The  small  rupture  soon  heals,  after  the  serum  is  a)>sorbed.     The  vascular  wait  of  the 
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follicle  swells  up.  Villous  prolongations  or  granulations  of  young  connective  tissue,  rich  in  capil- 
larieH  and  cells,  grow  int  J  the  interior  of  the  follicle.  Colorless  blood  corpuscles  also  wander  into 
the  inlerior.  Atlhewme  lime  the  cells  of  the  granulosa  proliferate,  and  form  several  layers  of 
cells,  which  nltimately,  after  the  dtsappeorance  of  a  number  of  blood  vessels,  undergo  fatty  degen- 
eration, lutein  nx\A/aUy  matter  ttcing  formed, and  it  is  this  mass  which  gives  the  corpus  luteum  iti 
yellow  color.  The  capsule  becomes  more  and  more  fused  with  the  ovarian  struma.  If  pregnancy 
dors  not  take  place  after  the  menstruation,  then  the  fatty  matter  Is  rapidly  absorbed,  and  the  eH'used 
f'blood  is  chaiiged  into  h.vmatoidin  (|  20)  and  other  derivatives  of  harmoglobin,  while  there  Is  a 
gradii.il  i^Iirivclling  of  the  whole  mass,  which  is  complete  in  about  four  weeks,  only  a  very  small 
remainder  being  left.  Such  a  corpus  luteum,  i.e..  one  not  accompanied  by  pregnancv,  is  called  a 
false  corpus  luteum.  If,  however,  pregnancy  occurs,  then  the  corpus  luteum.  instead  uf  shrivel- 
ling, grows  and  becomes  a  larce  body.cspccia'ly  at  ihc  third  and  fourth  month,  the  walls  .ire  thicker, 
the  color  deeper,  so  that  the  corpus  luteum  at  tlic  period  of  delivery  may  be  6  to  lii  mm.  m  diam* 
eler,  aud  its  remains  ru.ay  be  found  in  the  ovary  i«»r  a  very  long  time  thereafter  (Fig  551).  This 
form  is  sfimetimes  spoken  of  as  a  true  corpus  luteum  (Bischoff').  [We  cannot  draw  too  sharp  a 
distinction  between  these  two  forms.]  Only  a  very  small  numBcr  of  the  ova  in  the  ovary  undergo 
development  and  are  discharged  ;  by  far  the  greater  number  degenerates  {SiirvJaMsky), 

436.  PENIS  ERECTION —Penis.— [The  penis  i«!  comprised  of  two  long  cylindrical  corpora 
cavernosa,  the  corpus  spongiosum,  which  lies  between  and  below  them,  and  surrounds  the 
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urethra;  ihrsc  are  held  tncether  by  tibrous  »nd  muscular  fthenihs,  and  are  comp^nrH  of 
tissue.]  Our  knowle(li;c  of  tlic  disiribulion  of  the  blood  within  the  (>cnis  if  chielly  due  («  C 
Lan[|;er*&  rcicarches.  The  albuy'mca  of  the  corpus  sponi^icsurn  conMSis  of  tendinous  ««nncctMt 
liuue,  cohiaiiUQg  thickly-woven  ela&iic  ti'^.tue  and  amooili  muscular  fibres,  which  together  form  i 
solid  fibrous  envelope,  frum  which  numerous  itiLerlacini;  trabecule  pass  into  the  interior,  *o  ihai  Ibc 
corpus  spoii(;iosum  comes  (o  resemble  a  sponge  The  anastomositif*  spaces  Iwunded  b;'  tbe*c  tn- 
beculx  form  a  series  of  inter- communicating;  venous  spacL*s,  or  sinuses,  filled  with  blood  and  lifted 
by  a  layer  of  cudolhclium  constituting  erectile  tissue  (Fie-  5S9)>  The  lar^eV  sinuses  lie  tn  the 
lower  and  external  part  of  the  corpus  cavcmoi^Qm,  while  they  are  less  numerous  and  smaller  in  the 
upper  pan.  Ihe  small  arteries  arise  from  the  A.  profunda  penb,  which  ruas  siong  the  Mftam^ 
and  pa&a  lo  the  trabccuht-  after  followini;;  a  very  sinuous  course.  At  the  ouier  part  of  tbc  <arpu 
spon)jio^m  some  of  the  small  arteries  become  directly  continuous  witli  the  lar);er  veooos  iiav»ci; 
some  of  them,  however,  lermmnte  in  capillaries  both  in  the  outer  part  and  within  the  oorpos  spongi- 
osuni,  the  (npiUarits  ultimately  lerminaiing  in  the  venous  <»inuses.  The  heticine  aneties  of  itic 
penis  described  by  Joh.  Milller  are  merely  much  twisted  arteries.  The  Urrf-  vHhi  of  the  penis  ariie 
Ly  (tnc  vcmlcts  within  the  body  of  the  organ,  while  the  vcin«  pracecdinij  from  the  cavernous  sfioce 
pass  lo  the  dorsum  of  the  penis  to  form  the  tvna  tivrsafij  fntit.  As  these  «esseU  have  lo  trvver«c 
the  meshes  of  the  vascular  network  in  the  cortex  of  the  corpora  cavernosa  penis,  it  is  evident  that, 
when  the  network  is  con|;cvcd  by  being  filled  with  blood,  it  must  compress  the  outgoing  vrnuoi 
trunks.  The  corpus  cavernowm  urethr.v  consists,  for  the  most  )>ari,  of  an  external  layer  of  cl'>%ely- 
packed  anastomosing  veins,  which  surround  the  longitudinally-directed  blood  vessel*  of  the  urethra. 
In  tbc  dog  all  the  arteries  of  the  penis  ran  at  first  tuwanl  the  surface,  where  they  divide  into 
penicilli.  The  veins  arise  from  the  capillary  locijjs  in  the  papilhi.',  and  ihey  empty  ihcir  IiIm"!  tffli 
the  cavernous  .<tf>aces.  Only  a  small  part  of  the  blood  jiasses  to  the  cavernous  spaces  through  tbr 
internal  capillaries  and  veins,  but  arterial  blood  never  flow»  directly  into  these  5pACca  [M,  v.  /V/r). 

Mechanism  of  Erection. — Erection  is  due  to  the  overfilling  of  the  blood 

vessels  of  the  penis  with  bluod»  whereby  the  volume  of  the  organ  is  increawd  four 
or  five  times,  while  at  the  same  time  there  are  also  a  higher  temperature,  increased 
blood  presstire  (to  1  of  that  in  the  carotid — Eikhard)^  with  at  first  a  ptUsaiile 
movement,  increased  consistence,  and  erection  of  the  organ. 

Repicr  de  Groaf  obtained  complete  erection  of  the  penis  by  forcibly  injecting  Its  blood  vcacfa 
(1668). 

The  preliminary  phenomena  consist  in  a  considerable  increase  of  the  arte- 
rial blood  supply,  the  arteries  being  dilated  and  puRiting  strongly.  The  arterie* 
are  controlled  by  the  nervi  erigentes.  The  nervi  erigentes  [called  by  (iaskeU 
the  pelvic  splanchnics  (p.  649)]  arise  chiefly  from  the  second  (more  rarely  the 
third)  sacral  nerves  (dog),  and  have  ganglionic  cells  in  their  coune  (Z^tv**, 
NikoUky).  These  nerves  contain  vaso-dilator  fibres,  which  can  be  excited  uj 
part  retiexly  from  the  sensory  ner\'es  of  the  penis,  the  transference  centre  being 
in  the  centre  for  erection  In  the  spinal  cord  (§362,  4).  Sensory  impressions  pro- 
duced by  volimtary  movements  of  the  genital  apparatus  (by  the  ischio-  and  bulbo- 
cavernosi  and  cremaster  muscles)  can  also  discharge  this  reflex  ;  while  the  thoagtii 
of  sexual  impulses,  referable  to  the  penis,  tends  to  induce  erection.  The  ncrri 
erigentes  also  supply  the  longitudinal  fibres  of  the  rectum  (/>//«rr). 

The  centre  for  erection  in  the  spiiul  cord  (§362,  2)  is,  however,  controlted 
by  the  domm^iting  va:>0'dilator  centre  in  the  medulla  oblongata  (§372),  aod  the 
two  centres  are  connected  by  fibres  within  the  cord;  hence  stimulation  of  the 
upper  part  of  the  cord,  as  by  asphyxiated  blood  (§362,  5)  or  rouscann,  may  abo 
be  followed  by  erection  iNikolsky),  [The  seminal  fluid  is  frequently  found  dis- 
charged in  persons  who  have  been  hanged.] 

The  psychicai  activity  of  thf  cerebrum  has  a  decided  influence  on  the  genital 
vaso-dilator  nerves,  just  as  the  psychical  disturbance  which  accompanies  anger 
or  shame  is  followed  by  dilatation  of  the  blood  vessels  of  the  head,  owiag  to 
stimulation  of  the  vaso-dilator  fibres;  so  when  the  attention  is  directed  to  tbc 
sexual  centres,  there  is  an  action  upon  the  nervi  erigentes.  This  action  of  ihe 
brain  is  more  comprehensible,  since  we  know  that  the  diameter  of  ihc  blood 
vessels  is  affected  by  the  cortex  cerebri  (§  377).  The  fibres  probably  piua  from 
the  cerebrum  through  the  peduncles  of  the  cerebrum  and  the  pons  ;  as  a  matter 
of  fact,  if  these  parts  be  stimulated,  erection  may  take  place  (§  36a,  4)  (EekJUrJ). 


MECHANISM   OF  ERECTION, 


871 


When  the  impulse  to  erection  is  obtained  by  the  increased  supply  of  arterial 
blood,  \\\*ifull complfiion  of  the  act  is  brought  about  by  the  atuvity  of  the  follow- 
ing transversely  striped  muscles:  (i)  The  ischio-cavernosus  (Fig,  i64'»  arises 
from  the  coccyx,  and  by  its  tendinous  union  surrounds  the  root  of  the  penis. 
"Whfn  it  contracts  it  compresses  the  root  of  the  penis  from  above  and  laterally,  so 
that  the  outflow  of  blood  from  the  penis  is  hindered.  It  has  no  action  on  the 
dorsal  vein  of  the  penis,  as  this  vessel  lies  in  a  groove  on  the  dorsum  of  tht  penis, 
and  is,  therefore,  protected  from  compression  by  the  tendon,  (a)  The  deep 
transversus  perinei  \%  perforated  by  the  venoe  profundre  penis,  which  come  from 
the  corpora  cavernosa,  so  that  when  it  contracts  it  must  compress  these  veins  be- 
tween the  tense  horizontal  fibres  ( Fig.  560,  6).  The  deep  veins  of  the  jienis  join 
the  common  pudendal  vein  and  the  plexus  Santorini.  (3)  Lastly,  the  bulbo  cav- 
ernosus  is  concerned  in  the  hardening  of  the  urethral  corpus  spongiosum,  as  it  com- 
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presses  the  bulb  of  the  urethra  (Figs.  560,  5,  1G4).  AU  these  muscles  are  partly 
under  the  control  of  the  will,  whereby  the  erection  may  be  increased.  Normally, 
however,  their  contraction  is  excited  reflexly  by  stimulation  of  the  sensory  nerves 
of  the  penis  (§  362,  4). 

The  congestion  of  blood  is  ont  complete,  eUe,  in  p.-Khological  caites,  continuuu$  erection,  as  in 
sttlyriftsis,  would  give  rise  to  gangrene.  The  accumulation  of  the  blood  in  the  penis  is  favored  by 
ihc  fact  that  the  nrtgins  of  the  veins  of  the  penis  lie  in  the  corpus  cavrmostim,  whicti,  when  it  en- 
larges, must  compress  ihem.  There  are  also  trabecular,  smooth,  muscular  fibres  which  compress  the 
large  venous  {>Icxus  of  Santorini. 

That  erection  is  a  complex  motor  act  depending  on  the  nervous  system,  is  proved  by  an  ex|>ert> 
ment  of  ILiusmann,  who  found  that  section  of  the  nerves  of  the  penis  prevented  erection  in  a  stal- 
lion. Tlie  imperfect  erection  which  occurs  in  the  female  is  coniined  to  the  corpora  cavcrn<7sa  clito- 
ririis  and  the  buibi  vcstibuli.  During  erection,  the  passage  from  the  urethra  to  the  bladder  is  closed, 
partly  by  the  swelling  of  the  caput  galKnaginis,  and  panly  by  the  action  of  the  sphincter  urethra, 
which  is  connected  with  the  deep  transvcrtus  pcrinci. 
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437.  EJACULATION— RECEPTION  OF  THE  SEMEN.— In  con- 
ncction  wUh  the  ejaculation  of  the  seminal  fluid,  we  must  distinguish  two  differ- 
ent factors — (i)  its  jwssage  from  the  testicles  to  the  vesiculae  serainalcs ;  (2)  the 
act  of  ejaculation  itself.  The  former  is  caused  by  the  newly-secreted  fluid  forcing 
on  that  in  front  of  it,  by  the  action  of  the  ciliated  epithelium  (which  lines  the 
epididymis  to  the  beginning  of  the  vas  deferens),  and  also  by  the  peristaJtic 
movements  of  the  smooth  muscular  fibres  of  the  vas  deferens.  Ejaculation^  how- 
ever, requires  strong  peristaltic  contractions  of  the  vasa  defercntia  and  the  vesiculc 
seminales,  which  are  brought  about  by  the  reflex  stimulation  of  the  ejaculation 
centre  in  the  *-pinal  cord  (§  362,  5).  As  soon  as  the  seminal  fluid  reaches  the  ure- 
thra, there  is  a  rhythmical  contraction  of  the  bulbo-cavernosus  muscle  (produced 
by  the  mechanical  dilatation  nf  the  urethra),  whereby  the  fluid  is  forcibly  ejected 
from  the  urethra.  Both  vasa  defcrenlia  and  vesiculae  do  not  always  eject  their 
contents  into  the  urethra  simultaneously.  With  moderate  excitement  the  cooteots 
of  only  one  may  lie  discharged.  The  ischio-cavernosus  and  deep  iransversus  pcr- 
inei  contract  at  the  same  time  as  the  l)uIbo-cavcmosi:s,  although  the  former  have 
no  effect  on  the  act  of  ejaculation.  In  the  female  also,  under  normal  circum- 
stances, at  the  height  of  the  sexual  excitement  there  is  a  reflex  movement  corre- 
sponding to  ejaculation.  It  consists  of  a  movement  analogous  to  that  in  nisto.  At 
first  there  is  a  reflex  peristaltic  movement  of  the  Fallopian  tube  and  uterus,  pro- 
ceeding from  the  end  of  the  tube  toward  the  vagina,  and  produced  rcflexly  by  the 
stimulation  of  the  genital  ner%'es.  Dembo  observed  that  stimulation  of  the  ante- 
rior upper  wall  of  the  vagina  in  animals  caused  a  gradual  contraction  of  the  uterus. 
By  this  movement,  corresponding  to  that  of  the  vasa  deferentia  in  man,  a  certain 
amount  of  the  mucus  normally  lining  the  uterus  is  forced  into  the  vagina. 

This  is  followed  by  the  rhythmical  contraction  of  the  sphincter  cunni  (analo- 
gous to  the  bulbo-cavemosus),  also  of  the  ischio<avernosus,  and  deep  transversus 
perinei.  The  uterus  is  erected  by  the  powerful  contraction  of  its  muscular  fibres 
and  round  ligaments,  while  at  the  same  time  it  descends  toward  the  vagina,  its 
cavity  is  more  and  more  diminished,  and  its  mucous  contents  are  forced  out.  When 
the  uterus  relaxes  after  the  stage  of  excitement,  it  as]>irates  into  its  cavity  the  sem- 
inal fluid  injected  into  the  vestibule  {Arisiotift  Bischoff^, 

But  the  auction  of  the  greatly  excited  uterus  U  not  necessary  for  the  reception  of  the  semen  \Arii- 
tofle).  11ie  spcnnalotoa  may  wriggle  by  iheir  own  muveuicnls  from  the  vagina  into  the  ohMe  of 
the  uterus  { Kritttlitr).  The  cases  of  pregnancy  where,  from  some  patholc^cal  caasei  (putial 
closure  of  the  vagina  or  vulva),  the  penis  has  oot  passed  into  the  vagina  during  coition*  prove  ihiC 
the  spermatozoa  can  traverse  the  whole  length  of  the  vagina,  and  pass  into  the  uterus. 

438.  FERTILIZATION  OF  THE  OVUM.— The  ovum  is  fcrtiliied 
by  a  spermatozoon  passing  into  it. 

Swammerdam  (f  1685)  proved  that  contact  of  the  semen  with  the  ovum  was  necessary  Ibr  firr* 
tihzalion.  Spallan/.aiii  {17O8)  proved  that  the  fcriiluing  a(;ent  was  the  spenn4lozott<  and  oot  tbe 
clear,  filtered  Huid  part  of  the  semen,  and  that  the  spennato^oa.  even  after  ticing  enonnotuly  dilated, 
were  still  capable  of  action.  Martin  Barry  (1850')  was  the  first  to  ol>serve  tbe  entrance  erf  ■  sperma- 
tozoon into  the  ovum  of  tlic  rabtiit.  This  occurs  pretty  rapidly,  tiy  a  boring  movement  Ihrtrtifh  the 
vitelline  meml^rane  {Ln$<kkart).  Tbe  entrance  is  elTecled  either  throngh  the  pomtu  csnaU  «  the 
micropylc  ( A>^/r,  p.  S63). 

Theories. — As  tu  the  manner  in  which  the  spermaloioon  affects  the  ovum,  there  are  great  daffcr- 
encci  of  opinion.  Aristotle  compared  it  to  an  action  like  that  of  rennet  on  milk  ;  Bischctff,  in  tliac 
of  yeast  on  a  fermentable  mass,  i.  e.,  to  a  catalytic  action.     These  theories,  however,  -  '  '    <ia- 

sattsiiicloryt  as  we  know  that  the  unfenili/ed  ova  of  the  hen,  rabbit  {lifHitn),  pig  (A.  ;■* 

{Ktiftpfer),  (but  not  the  Uog—Z^iigtr)  can  undergo  the  initial  stages  of  developnieui  b»  lar  u  the 
stage  of  cleavage,  and  the  star  lubes  even  as  far  as  ilic  larval  form  {Grref). 

place  of  Fertilization. — The  place  where  fertilization  occurs  is  either  the 
07!ar\\  as  indicated  by  the  occurrence  of  abdominal  pregnancy,  or  the  Fa//^am 
tube^  and  the  numerous  recesses  in  the  latter  aflbrd  a  good  temporary  nidus  for  the 
sijermatozoa.  This  view  is  supported  by  the  occurrence  of  tubal  pregnancy.  Thus 
the  spermatozoa  must  be  able  to  pass  through  the  Fallopian  tube  to  the  OTiry. 
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which  is  probably  brought  about  chiefly  by  the  movements  proper  to  ihe  sperma- 
tozoa themselves.  It  is  uncertain  whether  the  peristaltic  movements  of  the  uterus 
and  Fallopian  tube  are  concerned  in  this  process;  certainly  ciliary  movement  is 
not  concerned,  as  the  cilia  of  the  Fallopian  tube  act  from  above  downward. 
When  once  the  ovum  has  passed  unfertilized  into  the  uterus,  it  is  not  fertiliEed  in 
the  uterus.  It  is  assumed  that  the  ovum  reaches  the  uterus  within  two  to  three 
week<i  (in  the  bitch,  8  to  14  days). 

Twins  occur  in  1  in  87  pregnancies,  but  oftener  in  warm  climates;  triplets, 
I  :  7600;  four  at  a  birth,  i  :  330,000.  More  than  six  at  a  birth  have  not  been 
observed.     The  average  number  of  pregnancies  in  a  woman  is  4}^. 

Superfecundation. — By  this  term  is  anderstrtod  the  fertilization  of  two  ova  at  the  samf  men' 
struatton,  by  two  difiereni  acts  of  coition.  Thus,  a  mare  may  throw  a  foal  and  a  mule,  after  being 
covered  fir&t  by  a  stallion  and  then  by  an  ass.  .\  white  and  a  black  child  have  been  born  as  twins 
bj  a  woman, 

Superfcxtation  is  when  a  second  impregnation  lakes  place  at  a  later  |>eriod  of  pregnancy,  ns  in 
the  second  or  tliird  mooUi.  This,  however,  is  only  possible  In  a  double  urerns,  or  when  menstrua- 
tion |M!n;i-M5  until  the  time  of  the  second  impregnation.     It  is  said  to  occur  frequently  in  the  hare. 

Hybrids  are  produced  when  there  is  a  cross  between  differeHt  s/>etifs  (horse,  ass,  zebra — dog, 
jacka],  wolf — Koai.  ibex— goat,  sheep— species  of  llama^canicl,  dromedary — liger,  lion— sjiecies 
of  pheasant— goose,  swan — caqi,  crucian— species  of  butterflies).  Most  hybrids  are  sterile,  espe- 
cially as  regards  the  fumiation  of  properly  fonned  spermatozoa;  while  ihe  hybrid  females  are  for 
the  most  pnrt  fertile  with  the  male  of  both  parenis,  d.  ^.,  the  mule ;  but  the  charaaers  of  the  off- 
spring tend  to  return  to  those  of  the  species  of  the  parents.  Very  few  hybrids  are  fertile  when 
crossed  by  hybrids.  In  many  species  of  frogs  the  absence  of  hybrids  is  accounted  for  by  the  me- 
chanical obiMacles  to  feriUization  of  the  ova. 

.  Tubal  Migration  of  the  Ovum. — Under  exceptional  circumstances,  the 
ovum  discharged  from  a  ruptured  Graafian  follicle  passes  into  the  Fallopian  tube 
of  the  other  side,  as  is  proved  by  the  occurrence  of  tubal  pregnancy  and  preg- 
nancy of  an  abnormal  rudimentary  horn  of  the  uterus,  in  which  case  the  true 
corpus  lutetim  is  found  on  the  other  sidf  of  the  ovary.  This  is  spoken  of  as  "  ex- 
ternal migration"  {Kussmaul,  LeopoU).  This  observation  coincides  with 
experiment,  as  granular  fluids,  e,  ^.,  China  ink,  when  injected  into  the  jjcriloneal 
cavity,  pass  into  both  Fallopian  tubes,  and  are  carried  by  the  ciliated  epithelium  to 
the  uterus  {Pinner),  In  animals,  with  a  double  uterus  with  two  orifices,  the  ova 
may  migrate  through  the  os  of  the  one  into  the  other  uterus,  a  condition  which 
is  spoken  of  as  "  internal  migration.** 

439.  IMPREGNATION  OF  THE  OVUM— CLEAVAGE— LAY- 
ERS AND  POSITION  OF  THE  EMBRYO.—Maturation  of  the 
Ovum. — In  birds  and  mammals  important  changes  occur  in  the  ovum  Uefore  im- 
pregnation. The  germinal  vesicle  comes  to  the  surface  and  disappears  from  view, 
while  the  germinal  spot  also  disappears  {Rein).  In  place  of  the  germinal  vesicle, 
a  spindle-shaped  body  appears.  The  granular  elements  of  the  protoplasmic  vitellus 
arrange  themselves  around  each  of  the  two  poles  of  the  spindle,  in  the  form  of  a 
star,  the  double  star,  or  diaster  of  Fol — nuclear  spindle.  When  this  takes  place 
\.\\^  peripheral pok  of  the  nucleus  or  altered  germinal  vesicle,  along  with  some  of 
the  cellular  substance  of  the  ovum,  protrudes  upon  the  surface  of  the  vitellus, 
where  they  are  nipped  off  from  the  ovum  in  the  form  of  small  corpuscles  just  like 
an  excretory  product  (Fig.  553).  These  bodies,  which  are  not  made  use  of  in  the 
further  development  and  growth  of  the  ovum,  are  called  polar  or  directing 
globules  (/'i'/,  Buischli^  O.  /ffrtiaig)^  although  the  elimination  e»f  small  bodies 
from  the  yelk  was  known  to  Dumortier  [1837],  Bischoff,  P.  J.  van  Beneden,  Fritz 
Miiller  [1848],  Rathke,  and  others.  The  remaining  part  of  the  germinal  vesicle 
stays  within  the  vitellus  and  travels  back  toward  the  centre  of  the  ovum,  to  form 
the  female  pronucleus  {O.  Hertii*ig,  Foi^  Seienka,  E,  van  Beneden).  [Before, 
however,  the  altered  germinal  vesicle  travels  downward  again  into  the  substance 
of  the  ovum,  it  divides  again  as  before,  and  from  it  is  given  off  the  second  polar 
globule,  and  then  the  remainder  of  the  germinal  vesicle  forms  the  female  pro- 
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nucleus.     At  the  same  time  the  vitellus  shrinks  somewhat  within   the  viteUine 
membrane.] 

Impregnation. — Asa  rule,  only  one  spermatozoon  penetrates  the  ovum,  and 
as  it  does  so  it  move?  toward  the  female  pronucleus,  while  its  head  becomes  sur- 
rounded with  a  star;  it  then  loses  its  head  and  cilium  or  tail,  the  latter  only 
serving  as  a  motor  or^an,  while  the  remaining  mUMe  pitce  swells  up  to  form  a 
second  new  nucleus,  the  male  pronucleus  \  Foi^  SeUnka^.  According  to  Flcm- 
ming,  it  is  the  anterior  ixirt  of  the  ht-ad,  and  according  lo  Rein  and  Ebcrth,  it  is 
the  head  which  is  so  changed.  Thereafter,  the  male  and  female  pronuclctw 
unite,  undergoing  amteboid  movements  at  the  same  time,  to  form  the  new  nu- 
cleus of  \\\\t  fertilized mmm.  The  female  pronucleus  receives  the  male  pronucleus 
in  a  little  depression  on  its  surface.  Thereafter  the  yelk  assumes  a  radiate  ap|iear- 
ance  {Hrin).  [The  union  of  the  representatives  of  the  male  and  female  elements 
forms  the  first  emhryonic  sepnentaiion  sphere  or  blastosphere.] 

In  Echinodcrtns,  O.  Hertwig  and  Fol  ol^served  (hat  icvcnU  embryos  were  formed  when,  onder 
alHiarniat  conditions,  several  Afwrmaioioa  [wnetraled  an  ovum.  The  mate  prunuclei,  rurmrtl  fruni 
the  several  spermalnzoa,  then  fused  each  with  a  fnignieni  of  the  female  |m)nuclrus.  Uwirr 
similar  circumuaoccs,  Born  observed  in  amphibians  abnurmol  cleavage,  hut  no  further  develop* 
mcnt. 

Cleavage  of  the  Yelk. — In  an  ovum  so  fertilized  the  yelk  contracts  some- 
what around  the  newly-formed  nucleus* 
^'«-  5^'-  so  that    it    becomes   slightly  separated 

from  the  vitelline  membrane^  and  for 
the  first  lime  the  nucleus  and  the  yelk 
divides  into  two  nucleated  spheres. 
This  process  is  spoken  of  a.s  complete 
cleavage  or  fission,  tUch  of  thoe 
two  cells  a^ain  divides  into  two,  and 
the  process  is  repeated,  so  that  4»  8,  t6, 
52,  and  so  on,  spheres  are  formed  ( Fig. 
561).  This  constitutes  the  cleavage  of 
the  yelk,  and  the  process  goes  on  until  the  whole  yelk  is  suUiivided  into  numer- 
ous small,  nucleated  spheres,  the  "mulberry  mass**  or  **  segmentation 
spheres  "  or  *'  morula,"  or  the  protoplasmic  primordial  sphere.s  (20  to  25  n) 
which  are  devoid  of  an  envelope. 

Variation  of  Lines  of  Cleavage.— According  lo  the  otiservations  of  PflQgfr,  the  ova  of  the 
frog  can  be  made  to  undergo  cleavage  in  very  dilTerent  directions,  according  to  ihe  on^le  l«ct*r<a 
the  axis  of  the  egg  and  the  line  of  gravitation.  This,  of  course,  we  can  alter  as  we  plcaK-.  hy 
placing  the  eggx  at  any  angle  to  the  line  of  gravitation.  By  the  axis  of  the  ov«m  it  meant  11  hne 
connecting  the  centre  of  the  black  surface  and  the  middle  of  the  while  pan,  which,  in  the  fcrtilibrd 
ovum,  is  always  vertical.  In  such  cases  of  almomial  cleavage  the  deposition  of  ihc  organs  take* 
place  from  other  constituents  of  the  egg  than  those  from  which  they  are  formed  under  normal  coo- 
ditions.  Under  normal  circumstances,  according  to  Koax,  ihe  first  line  of  cleavB(>c  in  the  frog  n  in 
the  same  direction  as  the  central  nervous  system.  The  second  intersects  the  first  at  a  r^ghl  angle, 
io  ai  to  divide  the  mass  of  the  ovum  into  two  kh/^wW  parts,  the  larger  of  which  fonitt  the  Ottlcb'f 
part  of  the  embryo. 

Blastoderm. — During  this  time  the  ovum  is  enlarging  by  absorption  of  fluid 
into  its  interior.  All  the  cells,  from  mutual  pressure  against  each  other,  lierome 
polyhedral,  and  arc  so  arranged  as  to  form  a  cellular  envelope  or  bladder,  the 
blastoderm,  which  lies  on  the  internal  surface  of  the  vitelline  membrane  yPe 
Graaf,  v.  Baer^  Bischoff,  Cosfe).  A  small  part  of  the  cells  not  usi-d  in  (he  for- 
mation of  the  blasioderm  is  found  on  some  jxirt  of  the  tatter.  [In  the  oviim  of 
the  bird,  where  there  is  only  partial  segmentation,  the  blastoderm  is  a  nnall 
round  body  resting  on  the  surface  of  the  yelk,  under  the  vitelline  membn*ne.  so 
that  it  does  not  completely  surround  the  yelk,  or  a  hollow  cavity,  as  in  mammals,  ] 
The  hollow  sphere,  composed  of  cells,  is  called  the  blastodermic  vesicle  by 
Reichert,  and  in  the  human  embryo  it  is  formed  at  the  10th  (o  nth  day,  in  tbc 
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Fig.  56a. 
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rabbit  at  the   4th,  the  guinea  pig  at  the  3*^,  the  rat  yth^  dog  nth,  fox  i4lh, 
ruminaniia  at  the  loth  to  12th  day,  and  the  deer  at  the  6oih  day. 

When  the  blastoderm  grow^  to  2  mm.  (rabbit),  whereby  the  vitelline  membrane 
is  distended  to  a  very  thin,  delicate  membrane,  then  at  one  part  of  it  there 
appears  the  germinal  area,  the  area  gerrainativa,  or  the  embryonal  shield  f  CosU^ 
KoUiker)^  as  a  round  white  spot,  in  which  the  blastoderm,  owing  to  proliferation 
of  its  cells,  becomes  douhie.  The  upper  layer  is  called  the  ectoderm  or  epi- 
blast,  and  in  some  animals  it  consists  of  several  layers  of  cells,  while  the  lower 
layer  is  the  endoderm  or  hypoblast.  The  hypoblast  continues  to  grow  at  its 
edges,  so  that  it  ultimately  forms  a  completely  closed  sack»  on  which  the  epiblast 
is  applied  concenirically.  The  embryonal  area  soon  becomes  more  pear-shaped, 
and  afterward  biscuilshaijed.  At  the  same  time  the  surface  of  the  zona  i>enu- 
cida  develops  numerous  small,  hollow,  structureless  villi,  and  is  called  the  primi- 
tive chorion. 

At  the  posterior  part  of  the  embryonic  shield,  the  primitive  streak  (Fig. 
56a,  I,  Pt^  appears  at  first  as  an  elongated  circular  thickening  {Hensen),  and 
later  as  a  longer  streak  or  groove,  the  primitive  groove.  This  thickening, 
however,  is  confined  10  the  epiblast,  while  the  hypoblast  is  completely  unchanged 
in  the  region  of  the  streak,  and  the  former  consists  of  three  layers  of  cells.  At 
the  same  time  a  new  layer  of  cells  is  developed  between  the  epiblast  and  hypo- 
blast, the  mesoderm  or  raesoblast  (Fig.  563,  1),  which  soon  extends  over  the 
embryonai  area,  and  into  the  blastoderm.  Blood  vessels  are  formed  within  the 
mesoblast,  and  are  distributed  over  the  blastoderm  to  form  the  area  vasculosa. 

Medullary  Groove. — A  longitudinal  groove,  the  medullary  groove,  is  formed 
at  the  anterior  f>art  of  ilie  embryonal  shield, 
but  it  gradually  extends  posteriorly,  embrac- 
ing the  anterior  part  of  the  primitive  streak 
with  its  divided  j^osterior  end,  while  the 
primitive  streak  itself  gradually  becomes 
relatively  and  absolutely  smaller  and  less  dis- 
tinct, until  it  disapftears  altogether  (Fig. 
562.  I  and  II,  Pr—Koiliker), 

The  position  of  the  embryo  is  indicated 
by  the  central  )>art  hemming  more  trans- 
parent,— the  area  pellucida, — which  is 
surrounded  by  a  more  opaque  part — the  area 
Opaca.  [The  area  opaca  rests  directly  upon 
the  white  yelk  in  the  fowl,  and  it  takes  no 
share  in  the  formation  of  the  embryo,  but 
gives  rise  to  structures  which  are  temporary,  and  are  connected  with  the  nutrition 
of  the  embryo.     The  embryo  is  formed  in  the  area  pellucida  alone.] 

From  the  epiblast  [neuro-epiiirrmai  iayer'\  are  developed  the  central  nervous 
system  and  epidermal  tissues,  mcluding  the  epithelium  of  the  sense  organs. 

From  the  mesoblast  are  formed  most  of  the  organs  of  the  body  [including 
the  vascular,  muscular,  and  skeletal  systems,  and,  according  to  some,  the  connect- 
ive tissue.     It  also  j^ives  rise  to  the  generative  glands  and  excretory  organs]. 

From  the  hypoblast,  epithtlio-glandular  layer  [which  is  the  secretory  layer]^ 
arise  the  intestinal  epithelium,  and  that  of  the  glands  which  open  into  the  intestine. 
[The  mouth  and  anus  being  formed  by  an  inpushing  of  the  epiblast,  arc  lined  by 
epiblast,  and  are  sometimes  called  the  stomodoeum  and  protodoeum  respect- 
ively.] 

[Structure  of  the  Blastoderm,— Originally  it  is  composed  of  only  two 
layers,  and  in  a  vertiral  section  of  it  the  epiblast  consists  of  a  single  row  of 
nucleated  granular  cells  arranged  side  by  side,  with  their  long  axes  placed  verti- 
cally. The  hypoblast  consists  of  larger  cells  than  the  foregoing,  although  they 
vary  in  size.     They  are  spherical  and  very  granular,  so  that  no  nucleus  is  visible 
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in  them.  The  cells  form  a  kind  of  network,  and  occur  in  more  than  one  layer, 
especially  at  the  periphery.  It  rests  on  white  ytlk,  and  under  it  are  large  spher- 
ical refractive  cells,  spoken  of  as  formative  cells.] 

Tlie  cclU  of  the  epiblasl,  ond  especially  those  of  the  hypoblast,  nourish  themselves  by  the  direct 
absorpiion  nnd  incorporauon  of  the  consiiiuenis  of  the  yelk  into  ihenuclvcs.  The  amaboid  move- 
ments of  these  cells  play  a  part  in  the  pruccss  of  absorption.  The  absorbed  panicle*  are  changed, 
or,  OS  it  were,  digei-ted  within  the  cells,  aod  the  product  used  in  the  processes  of  growth  and  de- 
velopment [A'otimuHM). 

440.  STRUCTURES  FORMED  FROM  THE  EPIBLAST.— 
Lamin&e  Dorsales. — The  medullary  groove  upon  the  epiblast  (also  called 
outer,  serous,  sensorial,  corneal,  or  animal  layer)  becomes  deeper  (Fig.  563,  IIj. 
The  two  longitudinal  elevations  or  lamina  dorsaies  consist  of  a  thickening  of  the 
epiblast,  and  grow  up  over  the  medullary  groove,  to  meet  each  other  and  coalesce 
by  their  free  edges  iti  the  middle  line  posteriorly.  Thus  the  open  groove  is 
changed  into  a  closed  tube — ihe  medullary  or  neural  tube  (III).  The  cells 
next  the  lumen  of  the  tube  ultimately  become  the  ciliated  epithelium  lining  the 
central  canal  of  the  spinal  cord,  while  the  other  cells  of  the  nipped-off  portion  of 
the  epiblast  form  the  ganglionic  part  of  the  central  nervous  system  and  its  pro- 
cesses. 

Primary  Cerebral  Vesicles.— [The  laminE  dorsales  unite  first  in  the  region 
of  the  neck  of  the  embryo,  and  soon  this  is  followed  by  the  union  of  iho^e  over 
the  future  head.]  The  medullary  lube  is  not  of  uniform  diameter,  for  at  the 
anterior  end  it  becomes  dilated  and  mapped  out  by  constrictions  into  the  primary 
vesicles  of  the  brain,  which  at  first  are  arranged,  one  behind  the  other,  in  the 
following  order :  Each  one  being  smaller  than  the  one  in  frout  of  it ;  the  fore- 
brain  (representing  the  structures  from  which  the  cerebral  hemispheres  are  devel- 
oped); the  mid-brain  (corpora  quadrigemina) ;  the  hind-brain  (cerebellum) ; 
and  the  after-brain  (medulla  oblongata),  which  is  gradually  continued  into  the 
spinal  cord  (IV'and  V).  The  posterior  part  of  the  medullary  tube  has  a  dilatation 
at  the  lumbar  enlargement.  In  birds,  the  medullary  groove  remains  open  in  this 
situation  10  form  a  lo7:enge-sha})ed  dilatation,  the  sinus  rhomboidalis. 

Cranial  Flexures. — The  anterior  part  of  the  medullary  tube  curves  on  itself, 
especially  at  the  junction  of  the  spinal  cord  and  oblongata,  between  the  mid-brain 
and  hind-brain,  and  again  almost  at  right  angles  Ixilwcen  the  fore-brain  and  mid- 
brain. [Thus  is  produced  a  displacement  of  the  primary  vesicles,  and  the  head 
of  the  future  embryo  is  mapped  off]  At  first  all  the  cerebral  vesicles  are  devoid 
of  convolutions  and  sulci.  On  each  side  of  the  lore-brain  there  grows  out  a 
stalked,  hollow  vesicle  (VI),  the  primary  optic  vesicle.  The  remainder  of 
the  epiblast  forms  the  epidermal  covering  of  the  body.  At  an  early  period  we 
can  distinguish  the  stratum  corncum  and  the  Malpighian  layer  of  the  skin  (§  283)  ; 
from  the  former  are  developed  the  hairs,  nails,  feathers,  etc. 

Partial  Cleavage. — Only  a  partial  cleavage  takes  pLice  in  the  eggs  of  birds  and  in  mesoblaslic 
ova,  I,  f.,  only  the  wMii^  yelk  in  the  neighlwrhood  of  the  cicatiicnla  di\idcs  into  numerous  segmen- 
tation spheres  {tostt,  iS^S).  The  cells  arraoKC  thetnsclvcs  in  tw o  layers,  lying  one  over  (he  other. 
The  upper  layer  or  epibtail  is  the  larger,  and  contains  small,  pale  cells ;  the  lower  layer,  or  hypC' 
biastf  which  at  Hrst  is  not  a  coiilitiuouii  Uycr,  ultimately  furnis  u  cuntmuaus  layer,  but  its  periphery 
is  smaller  than  the  upper  layer,  while  its  cells  are  larger  and  more  granular. 

Between  the  epiblast  and  hypoblast,  from  the  primitive  streak  outward,  is  formed  the  mesoblast, 
which  is  said  by  ICaililter  tu  be  due  to  the  divtsiun  uf  the  cells  of  the  epiblast.  It  graitualty  extends 
in  a  peripheral  direction  between  the  two  other  layers,  AH  the  three  layers  grow  at  their  peripliery. 
In  the  mcsotytast  blood  vessels  arc  developed.  All  the  three  layers,  as  they  ^row,  come  ultimately 
10  ciicIum:  the  yelk,  bO  thul  their  margins  come  together  al  ttie  uppobite  pule  of  the  yelk. 

STRUCTURES  FORMED  FROM  THE  MESOBLAST 
AND  HYPOBLAST.— The  mesoblast  (vascular  layer  or  middle  layer; 
forms,  immediately  under  the  medullary  groove,  a  cylindrical,  cellular  cord,  the 
chorda  dorsalis,  or  notochord,  which  is  thicker  at  the  tail  than  at  the  cephalic 
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end  (Fig.  563,  II,  III,  c).  It  is  present  in  all  vertcbrata,  and  also  in  the  lan-al 
form  of  the  ascidians,  but  in  the  latter  it  disappears  in  the  adult  form  I  A'ittfM- 
tewsky").  In  man  it  is  relatively  small.  It  forms  the  basis  of  the  bodies  of  the 
vertebraj,  and  around  it,  as  a  central  core,  the  substance  of  the  bodies  of  the 
vertebrae  is  deposited,  so  that  they  arc  strung  on  it,  as  it  were,  like  beads  on  a 
string.  After  it  is  formed  it  becomes  surrounded  by  a  double  sheath-Iikc  covering 
( Gegenlniur^  Kolliker). 

The  recent  Dl».<rrvaiions  of  L.  Gerlach  and  Stmhl  ascribe  the  origin  of  the  chorda  to  tbe  hypobl 
It  does  ikX  coniatn  chnndnn  or  glutin,  but  allmmtn  {/^ftuus). 

Protovertebrae. — The  cells  of  the  mesoblast,  on  each  side  of  the  chorda, 
arrange  thetn^elvcb  into  cubical  masses,  always  disposed  in  pairs  behind  each  other, 
the  protovertebrae  (U  andw).  The  first  i>air  correspond  to  the  atlas.  At  a 
later  period  each  protovertebra  shows  a  marginal,  cellular  area  and  J  nuclear  area. 
Only  part  of  it  goes  to  form  a  future  vertebra.  The  part  of  the  mesoblast  lying 
external  to  the  protovertebrae,  the  lateral  plates  (II,  j),  splits  into  two  layers 
{^Woiff^  ^768)1  an  upper  one  and  a  lower  one,  which,  however,  are  united  by  a 
median  plate  at  the  protoverlebrie.  The  space  between  the  two  layers  of  the 
mesoblast  is  called  the  pleuro-peritoneal  cavity,  or  the  coelom  (III,  K)  of 
Haeckel.  The  upi>er  layer  of  the  lateral  plate  becomes  united  to  the  epihlast, 
and  forms  the  cutaneo-muscular  plate  of  German  authors,  or  the  somatopleure 
(HI,  a:),  while  the  inner  one  unites  with  the  hypoblast  to  form  the  intestinal  plate 
of  German  authors,  or  the  splanchnopleure  (III,  /).  On  the  surfaces  of  these 
plates,  which  are  directed  tuward  each  other,  the  endothelium  lining  the  pleuro- 
peritoneal  cavity  is  developed.  On  the  surface  of  the  median  plate,  directed 
toward  the  coelom,  some  cybndrical  cells,  the  "germ  epithelium"  of  Waldcycr, 
remain,  which  form  the  ovarian  tubes  and  the  ova  (^  433). 

According  to  Kcmak,  the  skin,  the  muscles  of  the  trunk,  and  the  blood  vessels,  aod  accordiag  to 
Hi5,  only  the  muMiulaturc  of  tlic  trunk,  are  derived  frooi  the  Minatopleure.  Both  obaervco  agree 
tbut  the  ftptanchnopleure  furnUhes  the  musculature  of  the  intisiinal  tract. 

Parablastic  and  Archiblastic  Cells. — According  to  His  the  blood  ves^ls, 
blood,  and  connective  tissue  are  not  developed  from  true  mesoblastic  cells,  but  he 
asserts  that  for  this  purpose  certain  cells  wander  in  from  the  margins  of  the  blasto* 
derm  Ijetween  the  epiblast  and  hypoblast,  these  cells  t)cing  derived  from  outside  th^ 
position  of  the  embryo,  from  the  elements  of  the  white  yelk.  His  calls  thi 
structures />an7^/(jj^//V,  in  opposition  to  the  archiblastic,  which  belong  to  the  three 
layers  of  the  embryo.  Waldeyer  also  adheres  to  the  parablastic  structure  of  blood 
and  connective  tissue,  but  he  assumes  that  the  material  from  which  the  latter  is 
formed  is  continuous  protoplasm,  and  of  equal  value  with  the  elements  of  the 
blastoderm. 

The  hypoblast  does  not  undergo  any  change  at  this  time ;  it  applies  itself  to 
the  inner  layer  of  tbe  mesoblast,  as  a  single  layer  of  cells  to  form  the  splanchno- 
pleure. 

44a.  FORMATION  OF  EMBRYO,  HEART,  PRIMITIVE  CIR- 
CULATION.—Head-  and  Tail-Folds.— Up  10  this  time  the  embryo  lu 
with  Its  three  layers  in  the  plane  uf  ihc  layers  themselves.  The  cephalic  end 
the  future  embryo  is  first  raised  above  the  level  of  this  plane  (Fig.  563,  V).  In 
front  of,  and  under  the  head,  there  is  an  inflection  or  lucking  in  of  the  layen^ 
which  is  spoken  of  as  the  head-fold  (^V,  r).  [It  gradually  travels  backward, 
that  the  embryo  is  raised  above  the  level  of  us  surroundings.]  The  raised  cepbali 
end  is  hollow,  and  it  communicates  with  the  space  in  the  interior  of  the  ucabilical 
vesicle.  The  cavity  in  the  head  is  sjKikcn  of  as  the  head-gut  or  fore-gut  (V, 
D).  The  formation  of  the  fore-gut,  by  the  elevation  of  the  head  from  the  plane 
of  the  three  layers,  occurs  on  the  second  day  in  the  chick,  and  in  the  dog  on  the 
aad  day.  The  tail-fold  is  formed  in  precisely  the  same  way  in  the  chick  on  ibe 
3d  day,  and  in  the  dog  on  the  22d  day.     The  caudal  elevation,  S,  also  is  hoUoW| 
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and  the  space  within  it  is  the  hind-gut,  //.  Thus  the  body  of  the  embryo  is  sup- 
ported or  T&sts  on  a  hollow  stalk,  which  at  first  is  wide,  and  communicates  with  the 
cavity  of  the  umbilical  vesicle.  This  duct  or  communication  is  called  the  om- 
phalo-mesenteric  duct,  or  the  vitello-intestinal  or  vitelline  duct.  The 
saccular  vesicle  attached  to  it  in  mammals  is  called  the  umbilical  vesicle  (VII, 
N),  while  the  analogous  much  larger  sack  in  birds,  which  contains  the  yellow  nutri- 
tive yelk,  is  called  the  yelk-sack.  The  omphalo- mesenteric  or  vitelline  duct  in 
course  of  time  becomes  narrower,  and  is  ultimately  obliterated  in  the  chick  on  the 
5th  day.  The  point  where  it  is  continuous  with  the  abdominal  wall  is  the  abdom- 
inal umbilicus,  and  where  it  is  inserted  into  the  primitive  intestine,  the  intestinal 
umbilicus. 

rSometinics  port  of  the  vitelline  duct  remain!)  attached  tu  the  iutestinc,  and  majr  prove  dangerous 
by  becoming  sodispUced  as  to  conatrici  a  loop  of  intestine, and  thus  cauve  ittrangulation  of  the  f;ut.] 

Heart.— Before  this  process  of  constriction  is  complete,  some  cells  are  mapped 
off  from  that  part  of  the  splanchnopleiirc  which  lies  immediately  under  the  head- 
gut  ;  this  indicates  ihc  position  0/ the  heart,  which  appears  in  the  chick  at  the  end 
of  the  first  day,  as  a  small,  bright  red,  rhythmically  contracting  point,  the pumtum 
saiiens,  or  the  Tnj'/iij  t^yuuithr^  of  Aristotle.     In  mammals  it  appears  much  laler. 

The  heart,  VI,  begins  first  as  a  mass  of  cells,  some  of  which  in  the  centre  dis- 
appear to  form  a  central  cavity,  so  that  the  whole  looks  like  a  pale  hollow  bud 
(originally  a  pair)  of  the  splachnopleure.  The  central  cavity  soon  dilates  ;  it 
grows,  and  becomes  suspended  in  the  coclom  by  a  dupiicature  like  a  mesentery 
(meso-cardium),  while  the  space  which  it  occupies  is  spoken  of  as  "(h^  fovea  car- 
dica.  The  heart  now  assumes  an  elongated  tubular  form  with  its  aortic  portion 
directed  forward  and  its  venous  end  backward  ;  it  then  undergoes  a  slight/-shaped 
curve  (Fig.  5  70,  i ).  From  the  middle  of  the  ad  day  the  heart  begins  to  beat  in  the 
chick  at  the  rate  of  about  40  beats  per  minute.  [It  is  very  important  to  note  that 
at  first,  although  the  heart  beats  rhythmically,  it  does  not  contain  any  nerve  cells.] 

From  the  anterior  end  of  the  hciirt  there  proceeds  from  the  bulbus  aortic  the 
aorta,  which  passes  forward  and  divides  into  two  arches  the  primitive  aortee, 
which  then  curve  and  pass  backward  under  the  cerebral  vesicles,  and  run  in  front 
of  the  protovenebrse.  Opposite  the  omphalo-mcsentcric  duct  each  primitive  aorta 
in  the  chick  sends  off  one,  in  mammals  several  (dog  4  to  5),  omphalo-mesenteric 
arteries  (VI,  A,  0),  which  spread  out  to  form  a  vascular  network  within  the  meso- 
blast  of  the  umbihcal  vesicle.  From  this  network  there  arise  the  omphalo-mesen- 
teric veins,  which  run  backward  on  the  vitelline  duct,  and  end  by  two  trunks  in 
the  venous  end  of  the  tubular  heart.  In  the  chick  these  veins  arise  from  the  sinus 
terminalis  of  the  subsequent  vena  terminals  of  the  area  vasculosa.  Thus  the  first 
or  primitive  circulation  is  a  closed  system,  and  functionally  it  is  concerned  in 
carrying  nutriment  and  oxygen  to  the  embryo.  In  the  bird  the  latter  is  supplied 
through  the  porous  shell,  and  the  iormer  is  supplied  up  to  the  end  of  incubation 
by  the  yelk.  In  mammals  both  are  supplied  by  the  blood  vessels  of  the  uterine 
niucoui}  membrane  to  the  ovum.  In  birds,  owing  lo  the  absorption  of  tlie  con- 
tents of  the  yelk-sack,  the  vast:ular  area  steadily  diminishes,  until  ultimately,  to- 
ward the  end  of  the  incubation  lime,  the  shriveled  yelk-sack  slips  into  the  abdom- 
inal cavity.  In  mammals,  the;circulation  on  the  umbilical  vesicle,  i.e.,  through 
the  omphalo-mcscnteric  vessels,  soon  diminishes,  while  the  umbilical  vesicle  itself 
shrivels  to  a  small  appendix,  and  the  second  circulation  is  formed  to  replace 
the  omphalo-mcscnteric  system.  The  first  blood  vessels  are  formed  in  the  chick, 
in  the  area  vasculosa,  outside  the  position  of  the  embryo,  at  the  last  quarter 
of  the  first  day,  t)efore  any  part  of  the  heart  is  visible.  The  blood  vessels  begin 
in  vaso-formative  cells  [constituting  the  "  blood  islands  **  of  Pander].  At  first 
they  arc  solid,  but  they  soon  become  hollow  (^§  7,  A). 

A  narrow-meshed  plexus  of  lymphntUs  tA  formed  in  the  area  vosculou  of  the  chick  (/ArJ,  and 
it  comman  cates  with  the  amniotic  cavity  [^A.  Budge). 
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443.  FURTHER  FORMATION  OF  THE  BODY.— Body  Wall. 
— (ij  The  coeloin,  or  pleuro-peritoneal  cavity,  becomes  larger  and  larger,  while, 
at  the  same  time,  the  difference  between  the  body  waJl  and  the  wall  of  the  intes- 
tine becomes  more  pronounced.  The  latter  becomes  more  separated  from  the 
protovertebrae,  as  the  middle  plate  begins  to  be  elon^led  to  form  a  mesentery. 
The  body  wall,  or  somatopleure,  composed  of  the  epiblasi  and  the  outer  layer  of 
the  cleft  mesoblast,  becomes  thickened  by  the  ingrowth  into  it  of  the  muscular^ 
layer  from  the  muscle  plate,  and  the  position  of  the  bones  and  the  spinal  nervt 
from  the  protoveriebrse.  These  grow  between  the  epiblast  and  the  outer  layer 
the  mesoblast  {H/^mak).  [The  somatopleure,  or  parietal  lamina,  from  each  si( 
grows  forward  and  toward  the  middle  line,  where  they  meet  to  form  the  bodi 
wall,  while  at  the  same  time  the  splanchnoplcurc,  or  visceral  lamina,  on  each  si( 
also  grow  and  meet  in  the  middle  line,  and  when  they  do  so  they  enclose  ihi 
intestine.  Thus,  there  is  one  tube  within  the  other,  and  the  space  between  is  the* 
pleuro-peritoneal  cavity.] 

(3)  Vertebral  Column.— A  dorsally-placed  structure,  called  the  muscle 
plate  (/femd^),  is  differentiated  from  each  of  the  protovertebrse ;  the  remainder 
of  the  protoveriebra,  the  protovertcbra  proper  i^KdUiker),  coalesces  with  that  on 
the  other  side,  so  that  both  completely  surround  the  chorda,  to  form  the  mem- 
brana  reunipns  inferior  {Reichert)^  in  the  chick  on  the  3d,  and  in  the  rabbit 
on  the  loth  day,  while  at  the  same  lime  they  close  over  the  medullary  tube  dor- 
sally  in  the  chick  at  the  4th  day,  to  form  the  membrana  reuniens  superior. 
Thus,  there  is  a  union  of  the  masses  of  the  proiovertebra  in  front  q{  the  medul- 
lary tube,  which  encloses  the  chorda,  and  represents  the  basis  of  the  bodus  of  alt 
the  vertebra:,  whilst  the  membrana  reuniens  superior,  pushed  between  the  muscle 
plates  and  the  epiblasi  on  the  one  hand  and  the  medullary  tube  on  the  other. 
represents  the  position  of  the  entire  vertebral  lamina  as  well  as  the  intervertebral 
ligaments  between  them.  In  some  rare  cases  the  membrana  reuniens  superior  is 
not  developed,  so  that  the  medullary  tube  iscovercd  only  by  the  epiblast  (epidermis";, 
either  throughout  its  entire  extent  or  at  certain  parts.  This  constitutes  the  coodi*] 
tion  of  spina  bifida,  or,  when  it  occurs  in  the  head,  hemicephalia.  The  vertebral 
column  at  this  membranous  stage  is  in  the  same  condition  as  the  vertebral  column 
of  the  cyclostomata(Pciromyzon).  The  membranes  of  the  spinal  cord,  the  sjuoal 
ganglia,  and  spinal  nerves  are  formed  from  the  membrana  reuniens  superior. 

Lastly,  parts  of  the  somatoplcures  also  grow  toward  the  middle  line  of  the  back, 
and  insinuate  themselves  between  the  muscle  plate  and  the  epiblast;  thus,  the 
dorsal  skin  is  formed  i^Remak). 

In  the  membranous  vertical  column  there  arc  formed  the  several  carfiiagimpti$\ 
vertebrae,  the  one  behind  the  other,  in  man  at  the  6ih  to  7th  week,  although  aC 
first  they  do  not  form  closed  vertebral  arches;  the  latter  are  closed  in  man  about 
the  4th  month.  Each  cartilaginous  vertebra,  however,  is  not  formed  from  a  pair 
of  protovertebra;,  /.  <*.,  the  6th  cervical  vertebra  from  the  6th  pair  of  protover- 
tebrae, but  there  is  a  new  subdivision  of  the  vertebral  column  {Rrmiik),  so  that 
the  lower  half  of  the  preceding  protovertebra  and  the  upper  half  of  the  succeeding 
protovertebra  unite  to  form  the  final  vertebra.  While  the  bodies  are  becoming 
cartilaginous  the  chorda  becomes  smaller,  but  it  still  remains  larger  in  the  inter- 
vertebral disks.  The  body  of  the  first  vertebra  or  atlas  unites  with  that  of  the 
axis  to  form  its  odontoid  process  {Ra/A^^),  and,  in  addition,  it  forms  the  areas 
anterior  ailantis  and  the  transverse  ligament  {Hasse).  The  chorda  can  be  followed 
upward  through  the  ligamentum  suspensorium  dentis  as  far  as  the  posterior  part  of 
the  sphenoid  bone. 

The  hUtogenetic  formation  of  CftrciUK'e   frnm  the  inditfereni  foriDalive  celli  t»kes  pbot  hf\ 
division  and  growth  of  the  cells,  uolil  they  ultimately  form  clear  nucleated  sscka.  The  cetDcol 
Btoncc  i&  probabty  formed  by  ibc  outer  parts  of  the  celU  (parietal  substance)  unilin);  and  Mdl 
the  intercellular  substance.    Ii  is  supposed  by  some  that  the  loiter  contains  fine  caoob,  which  < 
the  pfotoplaaro  of  the  adjoining  cells. 


FORMATION   OF   THE   AMNION    AND    ALLANTOIS. 


881 


jc.  564. 


Embryo  ot  Ihc  melc  ( X  7)> 


"Visceral  Clefts  and  Arches. — Each  side  of  the  cervical  region  contains 
four  slit-like  openiiigs — the  visceral,  clefts  or 
i/ramhial  openings  {Rathke^\  m  the  chick  the 
upper  three  are  formed  at  the  3d,  and  the 
fourth  on  the  4th  day.  Above  the  slits  arc 
thickenings  of  the  lateral  wall,  which  constitute 
the  visceral  or  branchial  arches.  The 
clefts  are  formed  by  a  perforation  from  the  fore- 
gut,  but  which,  perhaps,  does  not  always  occur 
in  the  chick,  mammal  and  man  {Jfis),  and  they 
are  lined  by  the  cells  of  the  hypoblast.  On 
each  side  in  each  visceral  arch,  i.e.j  above  and 
below  each  cleft,  there  runs  an  aortic  arch,  five 
on  each  side  (Fig.  563,  IX).  These  aortic 
arches  persist  in  fishes.  In  man  all  the  slits 
close  except  the  uppermost  one,  from  which  the 
auditory  meatus,  the  tympanic  cavity,  and  the 
Eustachian  tube  are  developed  {/fuschke,  Hathke^ 
Reuhert).  The  four  visceral  arches  are,  for  the 
most  part,  made  use  of  later  for  other  forma' 
tions  Ip.  889). 

Primitive  Mouth  and  Anus. ^Immediately  under  the  fore-brain,  in  the 
middle  line,  is  a  thin  spot,  where  there  is  at  first  a  small  depression,  and  ulti- 
mately a  rupture,  forming  the  primitive  oral  aperture,  which  represents  both 
the  mouth  and  the  nose.  Similarly,  there  is  a  depression  at  the  caudal  end,  and 
the  depression  ultimately  deepens,  thus  communicating  with  the  hind-gut  to  form 
the  anus.  When  the  latter  part  of  the  process  is  incomplete  there  is  atresia  ani, 
or  imperforate  anus.  Several  processes  arc  given  off  from  the  primitive  intestine, 
including  the  hypoblast  and  its  muscular  layers,  to  form  the  hmgs,  the  liver,  the 
pancreas,  the  caecum  (in  birds),  and  the  allantois. 

The  extremities  appear  at  the  sides  of  the  body  as  short,  unjointed  stumps  or 
projections  at  the  3d  or  4th  week  in  the  human  embryo  (Fig.  5O4). 

444.  FORMATION  OF  THE  AMNION  AND  ALLANTOIS.— 
Amnion. — During  the  elevation  of  the  embryo  from  its  surroundings,  imme- 
diately in  front  of  the  head  (at  the  end  of  the  2d  day  in  the  chick),  there  rises  up 
a  fold  consisting  of  the  epiblast  and  the  outer  layer  of  the  mesoblast,  which 
gradually  extends  to  form  a  sort  of  hood  over  the  cephalic  end  of  the  embryo 
(VI,  A).  In  the  same  way,  but  somewhat  later,  a  fold  rises  at  the  caudal  end, 
and  between  both  along  the  lateral  borders  similar  elevations  occur,  the  lateral 
folds  (Fig.  563,  III,  A).  AH  these  folds  grow  over  the  back  of  the  embryo  to 
meet  over  the  middle  line  posteriorly,  where  they  unite  at  the  3d  day  in  the  chick 
to  form  the  amniotic  sack.  Thus,  a  cavity  which  becomes  filled  with  fluid — the 
amniotic  fluid — is  developed  around  the  embryo  [so  that  the  embryo  really 
floats  in  the  fluid  of  the  amniotic  sack].  In  mammals,  also,  the  amnion  is  deveU 
oped  very  early,  just  as  in  birds  (Fig.  563,  VH,  k).  From  the  middle  of  preg- 
nancy onward  the  amnion  is  applied  directly  to  the  chorion,  and  united  to  it  by 
a  gelatinous  layer  of  tissue,  the  tunica  medtca  of  Bischoff. 

Amniotic  Fluid. — The  amnion,  and  ihc  allantois  as  well,  are  formed  only  in  mammals,  birds 
and  reptiles,  wliich  have  hence  been  called  amniod},  while  the  lower  vcrtcbraies,  which  are  devoid 
of  an  amnion,  are  called  anamnia.  Composition. — The  amnitttii  fiuidx^  a  clear,  serous,  alkaline 
fluid,  speciHc  gravity  1007  to  ion,  containing,  besides  epithelium,  lanugo  hair&,  )^  to  2  per  cent, 
of  fixed  solids.  Among  ihc  latter  are  albumin  (]'oto  \^  per  cent.),  mucin,  Klubulin,  a  vitelline  like 
txHijr,  some  grape  sugar,  iirea,  amaionium  carbonate,  very  probably  derived  from  the  decomposi- 
tion of  urea,  loraeiimes  lactic  acid  and  krealiniii,  calcic  sulphate  and  phosphate,  and  common 
salt.  About  the  middle  of  pregnancy  it  amounts  to  about  1-1.5  kilo.  [2.2-3.3  H>s.]>  i^nt^  nt  the 
end  about  0.5  kilo.     The  ammuiic  fluid  is  of  fecial  origin,  as  is  shown  by  its  occurrence  in  birds, 
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and  IK,  perhaps,  .1  tran^iiilation  through  the  ftctal  memliranes.  In  mammal*,  the  UTJnc  '  *^  '*•-  '  ^tut 
forms  pan  of  it  during  the  second  half  of  pregnancy  (Cussffeif).     In  the  palholoK;  on 

of  Hydramnion,  ihc  hlood  vessels  of  the  utennc  mucous  membnine  secrete  k  waters  I  he 

fluifi  prc*erves  the  fuftus,  and  also  ihc  vessels  of  ihe  fnrlnl  memhranes,  frum  mechanical  injunn;  tl 
permi(5  the  limbs  to  move  freely,  and  protects  ihem  from  growing  together;  and,  In&tly,  ii  »»  iniix>rt* 
ant  for  dilating  the  on  uteri  dunng  labor.  The  amnion  is  capable  of  contraciion  at  the  7th  tlay  in 
the  chick;  and  this  is  due  to  the  smooth  muscular  hbres  which  are  devclupcd  in  the  cutaneou 
plfltc  in  its  mesoblastic  portion  {Jiemak),  but  nerves  have  not  been  found. 

AUantois. — From  the  anterior  surface  of  the  caudal  end  of  the  embryo  there 
grows  out  a  small  double  projection,  which  becomes  hollowed  out  to  form  a  sack 
projecting  into  the  cavity  of  the  coelom  or  pleuro-peritoneal  cavity  (VI,  a);  it 
constitutes  the  aOantoiSy  and  is  formed  in  the  chick  before  the  5th  day,  and  in 
man  during  the  2d  week.  Being  a  true  projection  from  the  hind-gut,  the  altan* 
lois  has  two  layers,  one  from  the  hypoblast  and  the  other  from  the  muv:ular  Uytr, 
so  that  it  is  an  offshoot  from  the  splanchnopleure.  From  both  sides  there  pa»  on 
to  the  allantois  the  umbilical  arteries  from  the  hypogastric  arteries,  and  they 
ramify  on  the  surface  of  the  sack.  The  allantois  groH's,  like  a  urinar)'  bUddrr 
gradually  being  distended,  in  front  of  the  hind-gut  in  the  plcuro-peritoneal  cavity 
toward  the  umbilicus  ;  and,  lastly,  it  grows  out  of  the  umbilicus,  and  projects 
beyond  it  alonji^side  the  omphalo-mesenceric  or  vitelline  duct,  its  vessels  growing 
with  it  (VII,  a) ;  but  after  this  stage  it  behaves  differently  in  birds  and  mammaU. 

In  birds,  after  the  ullantois  passes  out  of  the  umbilicus,  it  undergoes  great  develop"'*- -i'  ">  •^'al 
within  a  short  time  it  lines  the  whole  of  the  interior  of  the  shell  ns  a   highly  vaKular  »t 

membrane.     Its  arteries  are  at  first  branches  of  the  primitive  ai:)it».-,  tiut  with  the  devc'^j'  "le 

posterior  extremities  they  apMar  as  branches  of  the  hypogastric  arteries.  Two  allattiutiUt.  vt  um- 
6t/uai  veins,  proceed  from  the  numerous  capil larics  of  the  allantois.  They  pass  backward  ihroogh 
Ihe  umbilicus,  and  al  hrsi  unite  with  the  omphalo- mesenteric  veiris  to  join  the  venous  end  of  im 
heart.  In  birds  this  circulation  on  the  allantois,  or  lectmi^  i^ircKlation,  is  respiratory  in  iunciion, 
as  it>  ves^U  !>ervc  for  the  exdiange  of  gases  through  the  porous  shell.  Thiv  circulattnn  grmdoAUy 
assumes  the  respiratory  functions  of  the  umbilical  vesicle,  as  the  latter  gradually  becomes  anulMr 
and  tmaller,  and  ceases  to  be  a  sufficient  respiratory  organ.  Toward  the  end  ul  the  |)criod  of  tfl' 
cuUilion,  the  chick  may  breathe  anil  crj-  within  the  shell  (Arutelle)—^  proof  that  the  rrsptncorjr 
function  of  the  allantois  is  partly  taken  over  hy  the  lungs.  'I'he  allantois  is  also  the  excretory  ofj^a 
of  the  urinary  constituents.  Into  its  cavity  in  mammaU  the  ducts  of  the  frttnitir't  kit/mej'w  *>r  dbr 
H'i'lffian  ducti,  open,  but  in  birds  and  reptiles,  which  possc»  a  cloaca,  thcic  open  into  the  jwrt^nor 
wairof  the  cloaca.     The   primitive  kidneys,  or  Wolffian   liodies  consist  of  many   t'l*  ^ 

empty  their  secretion  through  the  Wolffian  ducts  into  the  allantois  (in  birds  into  the  4 

the  secretion  passes  through  the  allantois,  per  the  umbilicus,  into  the  peripheral  jwirt  of  litc  imnary 
sack.  Remak  found  ammuniiim  and  v^tium  urate,  atlanioin,  grape  sugar,  and  salts  in  the  conte— 
of  llic  alLintois.  From  the  eighth  ilay  onward,  the  allantois  of  the  chick  is  contractile  ( l'u//mmim 
owing  lu  the  presence  of  smooth  fibres  derived  from  the  splanchnopleore.  Lymphatics  KCom^Wf 
the  branches  of  the  arteries  (.  f.  fiuti:;c). 

Allantois  in  Mammals. — In  mammals  and  man  Ihe  relation  of  the  illAntoii 
is  somewliat  different.  The  first  part  or  its  origin  forms  the  urinary  bladder, 
and  from  the  vertex  of  the  latter  there  proceeds  through  the  umbilicus  a  (ul>c,  the 
urachus,  which  is  open  at  first  (VIII,  a).  The  blind  part  of  the  sack  of  the  al- 
lantois outside  the  abdomen  is  in  some  animals  filled  with  a  fluid  like  urine.  In 
man,  however,  this  sack  disappears  during  the  second  month,  so  that  titere  remaint 
only  the  vessels  which  lie  in  the  muscular  part  of  the  allantois.  In  some  aniuiah, 
however,  the  allantois  grows  larger,  does  not  shrivel,  but  obtains  through  ihe 
urachus  from  the  bladder  an  alkaline  turbid  fluid,  which  contains  some  albumin, 
sugar,  urea,  and  allantoin.  The  relations  of  the  umbiliad  vessels  will  be  described 
in  connection  with  the  fjelal  membranes. 

445.  FCETAL  MEMBRANES,  PLACENTA.  FCETAL  CIRCU- 
LATION,—Decidua. — When  a  fecundated  ovum  reaches  the  uterus  it  then 
bo  ome>  surruLiiHicd  by  a  special  covering,  which  William  Hunter  ( 1775) described 
as  the  membrana  decidua,  because  it  was  shed  at  birth.  We  distmguisli  the 
decidua  vera  ( Fig.  563,  VIII,/),  which  is  merely  the  thickened,  very  vascuUr, 
softened,  more  spongy,  and  somewhat  altered  mucous  membrane  of  the  uicnii. 


STRUCTURE   OF  THE  DECIDUA  VERA. 


883 


[Sometimes  in  a  diseased  condition,  as  in  dysmenorrhoea,  the  superficial  layer  of 
the  uterine  mucous  membrane  is  thrown  off  nearly  en  masse  in  a  triangular  form 
(Fig.  565).  This  serves  to  show  the  shape  of  the  decidua,  which  is  that  of  the 
uterus.]  When  the  ovum  reaches  the  uterus  it  is  caught  in  a  crypt  or  fold  of  the 
decidua,  and  from  the  latter  there  §row  up  elevations  around  the  ovum  ;  but  these 
elevations  are  thin,  and  soon  meet  over  the  back  of  the  ovum  to  form  the  de- 
cidua reflexa  i  VIII,  r).  At  the  second  to  third  month  there  is  still  a  space  in 
the  uterus  outside  the  reflexa  ;  in  the  fourth  month  the  whole  cavity  is  filled  by 
the  ovum.  At  one  part  the  ovum  lies  directly  upon  the  d.  vera  [and  that  part  is 
spolcen  of  as  the  decidua  serotina].  but  by  far  the  greatest  part  of  the  surface 
of  the  ovum  is  in  contact  with  the  rctlexa.  In  the  region  of  the  d.  serotina  the 
placenta  is  ultimately  formed. 

Structure  of  the  Decidua  Vera. — The  d.  vera  at  the  third  mooih  is  4  10  7  mm.  thkk^  and  at 
the  fourth  only  i  to  3  mm.,  ami  it  no  longer  has  any  epithelium  ;  but  it  is  very  vascular,  and  is 
poueased  of  lymphatics  aroatid  the  glands  and  bto(H)  ves&eli  {Ltop9!d\,  and  in  iti  loose  substance 
arc  Urge  round  cells  (decidua  cells — ICSiiiker),  which  in  the  deeper  parts  become  changed  into 
fibre  celts— there  are  also  lymphoid  cells.     The  uicrine  glaudK,  which  become  greatly  developed  at 

Fig.  565. 
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the  commencemenl  of  pregnancy,  at  the  third  to  the  tourth  month  form  non-cellular,  wide,  bulging 
tubes,  which  become  indistinct  in  the  later  months,  and  in  which  the  epithelium  disappears  more 
and  more.  The  reflcxa,  much  thinner  than  the  vera  from  the  middle  of  pregnancy,  is  devoid  of 
epitheliam,  and  is  without  vessels  ai»d  glands.     Toward  the  end  of  pregnancy  both  decidmc  unite. 

The  ovum,  covered  at  first  with  small  hollow  villi,  is  surrounded  by  the  decidua- 
From  the  formaUon  of  the  amnion  it  follows  that,  after  it  is  closed,  a  completely 
closed  sack  passes  away  from  the  embryo  to  lie  next  the  primitive  chorion.  This 
membrane  is  the  "serous  covering  "  of  v.  Baer  (Fig.  563,  VII,  j),  or  the  false 
amnion.  It  becomes  closely  applied  to  the  inner  surface  of  the  chorion,  and 
extends  even  into  its  villi.  The  allanlois  proceeding  from  the  umbilicus  comes 
to  lie  dirrctly  in  contact  with  the  ftetal  membrane  ;  its  sack  disappears  about  the 
second  month  in  man,  but  its  vascular  layer  grows  rapidly  and  lines  the  whole  of 
the  inner  surface  of  the  chorion,  where  it  is  found  on  the  eighteenth  day  (Cos/e). 
From  the  fourth  week  the  blood  vessels,  along  with  a  covering  of  connective 
tissue,  branch  and  penetrate  into  the  hollow  cavities  of  the  villi,  and  completely 
fill  them.     At  this  time  the  primitive  chorion  disappears.     Thus  we  have  a  stage 
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of  general  vascularization  of  ihe  chorion.  In  the  place  of  ihe  derivative  of  the 
zona  pellucida  we  have  the  vascular  villi  of  the  allantois,  which  are  covered  bf 
the  epiblastic  cells  derived  from  the  false  amnion.  This  stage  lasts  only  until  tbe 
third  month  ;  when  the  chorionic  villi  disapfwar  all  over  the  surface  of  the  ovum 
in  contact  with  the  decidua  reflexa.  On  the  other  hand,  the  villi  of  the  chorioni 
where  they  lie  in  direct  contact  with  the  decidua  serotina,  become  larger  and  more 
branched.     Thus  there  is  distinguished  the  chorion  laeve  and  c.  frondosum. 

The  chorion  laeve,  which  consists  of  a  connective  •tissue  matrix  covcre<J  exiernalty  t>y  uvml 
layers  of  cells,  has  a  few  isolated  villi  at  wide  intervals.  Between  the  chorion  and  the  axnnioa  It 
A  geUiinous  sutMtance  (roembrana  intermedia)  or  undevclaped  conncaive  tissue. 

Placenta. — The  large  villi  of  the  chorion  frondosum  penetrate  into  the  tissae 
of  the  decidua  serotina  of  the  uterine  mucous  membrane.  [It  was  formerly  sup- 
posed that  the  chorionic  villi  entered  the  mouths  of  the  uterine  glands,  but  the 
researches  of  Ercolani  and  Turner  have  shown  that,  although  the  uterine  glands 
enlarge  during  the  early  months  of  utero-gestation,  the  villi  do  not  enter  the 

Fig.  566. 
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glands.  The  villi  enter  the  crypts  of  the  uterine  mucous  membrane.  The  glands 
of  the  inner  layer  of  the  decidua  serotina  soon  disappear.]  As  the  villi  grow  mio 
the  decidua  serotina  they  push  against  the  walls  of  the  large  blood  vessels,  which 
are  similar  to  capillaries  in  structure,  so  that  the  villi  come  to  be  bathed  by  the 
blood  of  the  mother  in  the  uterine  sinuses,  or  they  float  in  the  colossal  decidual 
capillaries  (VIII,  6).  The  villi  do  not  float  naked  in  the  maternal  blood,  but 
tb^y  are  covered  by  a  layer  of  cells  derived  from  the  decidua.  Some  villi,  with 
bulbous  ends,  unite  firmly  with  the  tissue  of  the  uterine  part  of  the  placenta  to 
form  a  firm  bond  of  connection.  [The  placenta  is  formed  by  the  mutual  inter- 
growth  of  the  chorionic  villi  and  the  decidua  serotina]  Thus,  it  consists  of  a 
foetal  part,  including  all  the  villi,  and  a  maternal  or  uterine  part,  which  is 
the  very  vascular  decidua  serotina.  At  the  time  of  birth,  both  parts  are  so  firmly 
united  that  they  cannot  be  separated.  Around  the  margin  of  the  placenta  i*  a 
large  venous  vessel,  the  tnar^nal  sinus  of  the  placenta.  [Friediandcr  found  tbe 
uterine  sinuses  below  the  placental  site  blocked  by  giant  cclli  after  the  Sth  month 
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of  pregnancy.  Leopold  confirms  this,  and  found  the  same  in  the  serotina!  veins.] 
Functions. — The  placenta  is  the  nutritive,  excretory,  and  respiratory  organ  of 
ihe  f<:ttu.s  (§  368) ;  the  latter  receives  its  necessary  pahulum  by  endosmosis  fron\ 
the  maternal  sinuses  through  the  coverings  and  vascular  wall  of  the  villi  in  which 
the  ftetal  blood  circulates.     [  I'hc  placenta  also  contains  j(^/)r(?f^«.] 

[Structure. — If  a  piece  of  a  fre^h  placerita  be  teased  in  normaJ  saline  solution,  one  sees  the 
MnicEure  at  once.  The  villi  arc  provided  with  lateral  olTshools,  and  consist  of  a  connective-tissue 
framework,  containing  a  capillary  network  with  arteries  and  veins  (Fig-  566),  while  Ihe  villi  them- 
selves are  cuvcred  by  a  layer  of  somewhat  cubical  epithelium.] 

Uterine  Milk. — Between  the  villi  of  the  placenta  there  is  a  clear  fluid  which 
contains  numerous  small  albuminous  globules,  and  this  fluid,  which  is  abundant 
in  the  cow,  is  spoken  of  as  the  uterine  milk.  It  seems  to  be  formed  by  the  break- 
ing up  of  the  decidual  cells.  It  has  been  supposed  to  be  nutritive  in  function, 
[The  maternal  placenta,  therefore,  seems  to  be  a  secreting  structure,  while  the 
fcetal  part  has  an  absorbing  function.  The  uterine  milk  has  been  analyzed  by 
Gamgec,  who  found  that  it  contained  fatty,  albuminous,  and  saline  constituents, 
while  sugar  and  casein  were  absent.] 

The  investigations  of  Walter  show  that  after  poisoning  pregnant  animals  with  strychnin,  morphia, 
veratrin,  curara,  and  ergotin,  these  substances  arc  not  found  in  the  ftctus,  although  many  other 
chemical  Bub<4ances  pass  into  it. 

[Savory  found  that  strychnin  injected  into  a  frrlus  in  atero  caused  tetanic  convnlsioos  in  (he 
mother  (bitch),  while  syphilis  may  be  communicated  from  the  father  to  the  mother  through  the 
medium  of  the  fietus  {//u/r^iawn).  A.  Harvey's  record  of  observations  on  the  crossing  of  breeds 
of  animals— chiefly  of  horses  and  allied  specieg— show  that  materials  can  pass  from  the  foelufi  to 
the  mother.] 

On  looking  at  a.  placenta,  it  is  seen  thai  its  villi  are  distribute:!  on  large  areas  separated  from  each 
other  l)y  dcpressiotis.  This  complex  arrangement  mi(;ht  be  comiNired  with  the  cotyledons  of  some 
animals. 

The  position  of  the  placenta  i«,  as  a  rale,  on  the  anterior  or  posterior  wall  of  the  uteras,  more 
rare'y  on  the  fundus  uteri,  or  laterally  from  the  opening  of  the  Fallo]>ian  tube,  or  over  the  internal 
orifice  of  the  cervix,  the  last  c-:instituiiag  (he  condition  of  placenta  praevia,  which  is  a  very  dan- 
gerous form  of  placental  insert!  >ii,  as  the  placenta  has  to  be  ruptured  }>efure  birth  can  lake  place, 
su  that  the  mother  often  dies  from  hemorrhage.  The  umbilical  cord  may  be  inserted  in  the  centre 
of  the  placenta  {tnsertio  eentralis),  or  more  toward  the  margin  [ins.  mar^na/ij),  or  the  cord  may 
be  fued  to  the  chorion  laeve.  Snmetimiis,  though  rarely,  there  are  small  subsi'Iiary  placentse  {fi/. 
su<eenfuriaiii),  in  addilisn  to  l)ic  lar^^e  one  {//rrf/].  When  the  placenta  consists  of  two  halves,  it 
is  called  duplex  or  bipartite,  a  coiidiiion  said  by  llyrtl  to  be  consiaut  in  the  apes  of  the  old  world. 

Structure  of  the  Cord. — The  umbilical  cord  (48  to  60  cm.  [20  to  24  inches] 
long,  It  to  13  mm.  thick)  is  covered  by  a  sheath  from  the  amnion.  The  blood 
vessels  make  about  forty  spiral  turns,  and  they  begin  to  appear  about  the  2d 
month.  [Fhe  cause  of  the  twisting  is  not  well  understood,  but  Virchow  has 
shown  that  capillaries  pass  from  the  skin  for  a  short  distance  on  the  cord,  and 
they  do  so  unequally,  and  it  may  be  that  this  may  aid  in  the  production  of  the 
torsion.]  It  contains  two  strongly  muscular  and  contrat;tile  arteries,  and  one 
umbilical  vein.  The  two  arteries  anastomose  in  the  placenta  {Hyrii).  In  addi- 
tion, the  cord  contains  the  continuation  of  the  urachus.  the  hypoblastic  portion 
of  the  allantois  (VIII,  a\,  which  remains  until  the  second  month,  but  afterward 
is  much  shrivelled.  The  omphalo-mesenteric  d-irt  of  the  umbilical  vesicle  (N)  is 
reduced  to  a  thread-like  stalk  (VJII,  D).  Wharton's  jelly  surrounds  the 
umbilical  blood  vessels.  Wharton's  jelly  is  a  gelatinous-like  connective  tissue, 
consisting  of  branched  corpuscles,  lymphoid  cells,  some  connective-tissue  fibrils, 
and  even  elastic  fibres.  It  yields  mucin.  It  is  traversed  by  numerous  juice 
canals  lined  by  endothelial  cells,  but  other  blood  and  lymphatic  vessels  are  absent. 
Nerves  occur  3-8-1 1  cm.  from  the  uml)ilicus  (Schott^  l^aknfin). 

The  foetal  circulation,  which  is  established  after  the  development  of  the 
allantois,  has  the  following  course  :  The  blood  of  the  fnetus  pa.sses  from  the  hypo- 
gastric arteries  through  the  two  umbilical  arteries,  through  the  umbilical  cord  to 
the  placenta,  where  the  arteries  split  up  into  capillaries.     The  blood  is  returned 
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from  the  plarenta  by  (he  umbilical  vein,  aUhougb  the  color  of  the  blood  cannot 
be  distinguished  from  the  venous  or  impure  blood  in  the  umbilical  arteries.  The 
umbilioit  vein  (Kig.  573,  j,  «),  returns  to  the  umbilicus,  passes  upward  under  the 
margin  of  the  liver,  givesa  branch  to  the  vena  |K)rt.T  (a),  and  runs  as  the  ductus 
venosus  into  the  inferior  vena  cava,  which  carries  the  blood  into  the  right 
auricle.     Directed  by  the  Eustachian  valve  and  the  tulwrcle  of  Lower  (Fig.  570, 

6,  /,  L),  the  great  mass  of  the  blood  passes  through  the  foramen  ovale  into  the 
left  auricle,  from  which  it  cannot  pass  backward  into  the  right  auricle,  owing  10 
the  presence  of  the  valve  of  the  foramen  ovale.  From  the  left  auricle  it  pMMa 
into  the  left  ventricle,  aorta  and  hypogastric  arteries,  to  the  umbilical  aitericL. 
The  blood  of  the  superior  vena  cava  of  the  f<etus  passes  from  the  right  auricle 
into  the  right  ventricle  (Fig.  570,  6,  Cs).  From  the  right  ventricle  it  pasacs  into 
the  pulmonary  artery  (Fig.  570,  7, /»),  and  through  the  ductus  arteriosus  of 
Botalli  (H)  into  the  aorta.  There  are,  therefore,  two  streams  of  blood  in  the 
right  auricle  which  cross  each  other,  the  descending  one  from  the  head  through 
the  superior  vena  cava,  passing  in  front  of  the  transverse  one  from  the  inferior 
vena  cava  to  the  foramen  ovale.]  Only  a  small  amount  of  the  blood  passo 
through  the  as  yet  small  branches  of  the  pulmonary  artery  to  the  lungs  ( Fig.  570, 

7,  /,  J).  The  course  of  the  blood  makes  it  evident  that  the  head  and  upper 
limbs  of  the  fifitus  are  nourished  by  purer  blood  than  the  remainder  of  the  tmnk, 
which  is  supplied  with  blood  mixed  with  the  blood  of  the  su|>erior  vena  cava. 
Afterbirth  the  umbilical  arteries  are  obliterated,  and  become  the  lateral  liga- 
ments of  the  bladder,  while  their  lower  jxirts  remain  as  the  superior  vesical  arte- 
ries. The  umbilical  vein  is  obliterated,  and  remains  as  the  ligamentum  tcre»,  or 
round  ligament  of  the  liver,  and  so  is  the  ductus  venosus  Arantii.  I.aslly,  ibe 
foramen  ovale  is  closed,  and  the  ductus  arteriosus  is  obliterated,  the  latter  form- 
ing the  lig.  arteriosus. 

The  condition  of  the  membranes  where  there  are  more  frrtuteK  than  one  :  (1)  With  twtbt 
there  are  two  completely  separated  ova,  with  two  placenta  and  two  dccidua;  rcflexic.  (t)  Two 
completely  separate  ova  may  have  only  ohc  rctlexa,  whereby  the  placcnln;  grow  together,  while 
their  blood  vessels  remain  ditfinct.  The  chorion  is  actually  dnulde,  but  cannot  be  »r|mni(rd  in»« 
two  lamellar  at  the  point  of  union.  (3}  One  reflexa,  one  chorion,  one  placenta,  two  ambibcft) 
cords  and  two  amnia.  The  vessels  anastomose  in  the  placenta.  In  this  case  (here  t«  one  nvmm 
with  a  double  yclW,  or  with  two  gcrminnt  vesicles  in  one  yelk.     (4)  An  in  (  3),  but  onI\  m, 

caused  by  the  formation  of  two  embryos  in  the  same  blastoderm  of  the  wmc  germin.ii 

Formation  of  the  foetal  membranes  in  animals. — The  oldest  mammals  have  iiu  ['latcm*  or 
umbihcal  vcucls;  th cue  arc  the  Mammalia  implacentalia  <  ^>:r>/w),  includtng  the  (noJtolfnMta 
and  marsupials.  The  second  group  includes  the  Mammalia  placentalia.  Amonc  ^Ur^r  a  iht 
non-deciduata  possess  only  churiomc  villi  supplied  by  the  umbilical  vessels,  which  p'  lie 

deprenions  of  the  uterine  mucouh  memliranc,  and  from  which  they  are  pulled  out  at  ;  ut. 

fosa, /^„  pachydermata,  cetacea,  solidungula.  camelidiic).  In  the  ruminantt  the  vdli  ait;  *mu^fd 
in  groups  or  cotyledons,  which  grow  into  the  uterine  mucous  aiembrmne,  frvmi  which  the<r  uc 
pulled  out  at  birth,     (b)   In  the  deciduata  there  is  such  a  hrm  union  between  the  i !  .  !ti 

with  the  uterine  mucous  membrane,  thai  the  uterine  \At\  of  the  placenta  cuwc»  away  v-  ^i 

pan  at  birth.  In  this  case  the  placenta  is  cither  xonary  (camivora,  piDni(>e<iia,  ckpii«iu;.  ui  dia- 
coid  (apes,  ioMctivora,  edentata,  rodcntia). 

446.  CHRONOLOGY  OF  HUMAN  DEVELOPMENT.— Development  durinc  the 

I8t  Month. — At  the  r2th-t3th  day  the  ovum  is  saccular  (5.5  mm.  and  3  mm.  in  diameter) ;  there  is 
simply  the  bliutadermic  vesicle,  with  the  blaModerm  at  one  pari,  consisting  of  two  layers;  ibe  luAa 
pellucida  l>c^et  with  small  villi  (AWrArr/).  At  the  I5th-i6th  day  the  ovum  ($-6  mm.l  is  covert^ 
with  simple  cylindrical  villi.  The  eona  pellucida  consists  of  embryonic  connective  tissue  coveted 
with  a  layer  of  flaUened  epithelium.  The  primitive  groove  and  the  lominn.-  dorules  ap{>caf .  Theft 
follows  the  stage  when  the  allantois  is  Rnt  formed.  At  the  isth-lSth  day  Coste  tnvc^ti;;Atr.1  an 
ovum.     U  was  13.2  mm.  long,  with  small  branched  villi;  the  embryo  itself  was  2.2  m  i  a 

curved  fonn,  and  with  a  moderately  enlarged  cephalic  end.     The  amnion,  umbilical   >  ::  % 

wide  vitelline  duct,  and  the  allantois  were  developed,  the  last  already  unitetl  10  the  ta^T  amtiioo* 
The  S-shaped  heart  lies  in  the  cardiac  cavity,  shows  a  cavity  and  a  bulbus  aorliv.  but  ncitbtff 
auricles  nor  ventricles,  llic  visceral  arches  and  clefts  are  indicated,  but  they  are  nc4  perfofaic4. 
The  omphalomesentenc  vessels  forming  the  first  circulation  on  the  umlilical  vesicle  are  developtd. 
the  duct  (vitelline)  is  still  quite  open,  and  two  primitive  aonw  run  in  front  of  the  protoverletine. 
The  alUntots  attached  to  the  fixtal  membranea  is  piorided  with  blood  vends.    The  i¥ro  omphalu 
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mesenteric  veins  unite  with  the  two  umbilical  veins,  and  past  (o  the  venous  cnH  of  the  hearr.  The 
mouth  is  in  process  of  formation.  The  limbs  and  sense  organs  absent;  the  Wolffian  bodies  pro- 
bably pre^nt. 

At  tiic  2olh  day  all  the  visceral  arches  are  formed,  and  the  cleftn  nrc  perforated.  The  mii)-br»in 
forms  the  highest  pan  of  the  brain,  while  the  two  auricles  appear  in  the  heart.  The  connection  with 
the  umbilical  vesicle  is  ^till  moderately  wide.  The  embryo  is  2.6-3.3-4  mm.  long,  uhile  the  head 
is  turned  to  one  side  (//is).  At  a  slightly  later  period  the  lemporftl  and  ccr\'ical  flexures  take  place, 
and  the  hemispheres  appear  more  prominently ;  the  viielliuc  duct  is  narrowed,  the  position  of  the 
liver  ii  indicated,  while  tlic  limbs  are  still  absent  \Ifis\, 

At  the  2ist  day  the  ovum  is  13  mm.  long  and  the  embryo  4-4.5  mm. ;  the  umbilical  vesicle  3.2 
mm.,  and  the  intestine  almost  closed.  Three  branchial  clefts,  WolfHan  liodies  laid  down,  and  the 
first  appearance  of  th(  limbs,  three  cerebral  vesicles,  auditory  capsules  present  (^.  IVagntr).  Coste 
also  observed,  in  addition,  the  nasal  pit«,  eye,  the  opening  for  the  mouth,  with  the  frontal  and  supe- 
rior maxilUry  proces<M;s,  the  heart  with  two  ventricles  and  two  auricles. 

End  of  the  iBt  Month.— The  embryos  of  35-2S  days  are  characteri»d  by  the  distinctly  stalked 
condition  of  the  umbilical  vesicle  nn^l  the  di>tinct  presence  of  limbs.  Size  of  the  ovum,  17.6  mm,; 
embryn,  13  mm.  ;   umbilical  veMcIe,  4.5  mm.,  with   bloud  vessels. 

2d  Month.— The  embryos  of  28-35  days  are  more  elongated,  and  nil  the  branchial  clefts  are 
closed  except  the  first.  The  allantoic  has  now  only  three  vessels,  as  the  right  umbilical  vein  is  ob- 
Uteraled.  .^t  the  5th  week  the  nasal  pits  arc  united  b)*  furrows  with  the  angle  of  the  mouth,  which 
close  to  form  canals  at  the  6th  week  (  T&ldfs.  At  35-42  days  the  nasal  and  oral  orifices  are  sepa- 
rated, the  face  is  flat,  the  limbs  show  three  divisions,  the  toes  are  not  so  sharply  defined  x«  the  tingere. 
The  cuter  ear  appears  as  a  low  projection  at  the  7th  week.  The  WoIGian  bodies  arc  much  reduced 
in  si/e. 

End  of  the  2d  Month.— Ovum,  6|^  cm.;  villi,  1.3  mm.  long:  the  circulation  on  the  umbilical 
vesicle  has  disappeared ;  embryo,  26  mm.  long,  and  weighs  4  grammes.  Eyelids  and  nose  prc<<ent, 
umbilical  curd  8  mm.  long,  ab  lominal  cavity  closed,  o*isit)cation  beginning  in  the  lower  jaw,  clavicle, 
ribs,  Ixidies  of  the  vcrtcbrx  ;  sex  Indistinct,  kidneys  laid  down. 

3d  Month. — Ovum  as  large  as  a  goose's  egg,  beginning  of  the  placenta,  embryu  7-9  cm.,  weigh- 
ing 20  gr.imiiies,  and  is  now  spoken  of  as  n/arus.  External  ear  well  formed,  umbilical  cord  7  cm. 
long.  Beginning  of  the  dilTcTencc  between  the  sexes  in  the  external  genitals,  umbdicus  in  the  lower 
fuurth  of  the  Itiiea  alba. 

4th  Month. — Ktetus,  17  cm.  long,  weighing  120  grammes,  sex  distinct,  hair  and  nails  beginning 
to  be  formed,  placenta  weighs  So  grammes,  umbilical  cord  19  cm,  long,  umbilicus  al>ovc  the  lowest 
founh  of  the  linea  alba,  coiilractioat  or  movements  of  the  limbs,  meconium  in  the  intestine,  skin 
with  hiood  vessels  sliining  through  it,  eyelids  closed. 

5th  Month. — pLctui,  iS  tu  27  cm.,  weigliing  284.  grammes ;  hair  on  the  head  and  lanugo  dis- 
tinct ;  skin  still  somewhat  red  and  thin,  and  covered  with  vernix  caseosa  ({  287,  2),  is  less  trans- 
parent ;  weight  of  placenta.  178  grammes  ;  umbilical  cord.  31  cm.  long. 

Gth  Month. — Fielus,  2S  to  34  cm.,  weighing  634  grammes:  lanugo  more  abundant;  vemix  more 
abundant;  testicles  in  the  abdomen  ;  pupillary  membrane  and  cyelasbes  present;  meconium  in  the 
large  intestine. 

7th  Month. — FckIus,  2S.34  cm.  long,  weighing  1218  grammes,  the  descent  of  the  testicles  begins 
— c/K' testicle  in  the  inguinal  caiml,  the  eyes  open,  the  pupillary  membrane  often  absorbed  at  its 
Centre  in  the  28th  week.  In  ttie  brain  other  hssures  are  formed  ticsldes  the  primary  ones,  llie 
ffctus  i-4  capable  of  living  independently.  At  the  beginning  of  this  month  there  is  a  centre  of  ossi* 
ficatioi)  in  the  os  calcis. 

8ih  Month.^Frctus,  42  cm.,  weighing  1.5  to  2  kilos.  (3.3  to  44.  lbs.),  hair  of  the  head  abun- 
daiti,  1.3  cm.  long,  nails  with  a  small  mai^in,  umbilicus  below  the  middle  of  the  linca  alba,  one 
testicle  in  the  scrotum. 

gth  Month.— F<etus,  47  cm.,  weighing  2%  kilos.  (5,5  lbs.),  and  is  not  distinguishable  from  the 
ctnul  al  ihc  full    period. 

Foetus  at  the  Full  Period. —Length  of  body,  51  cm,  [20  inches'],  weight  3'^  kilos.  [7  lbs.], 
lanugo  present  only  on  the  shoulders,  skin  white.  I'he  nails  of  the  fingers  project  Iteyond  the  tips 
of  the  fingers,  umbilicus  slightly  below  the  middle  of  the  linea  alba.  The  i:cnttc  of  ossiBcatioD  in 
ibe  lower  epiphysis  of  the  femur  is  4  to  S  mm.  broad. 
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M7-  FORMATION  OF  THE  OSSEOUS  SYSTEM.— Vertebral  Column.— Tbc  an- 

ficaiion  of  the  vfrifbne  licgms  .It  the  Sth  to  ihe  9th  week,  and  first  of  all  there  is  %  ccnue  in  each 
vertebral  arch,  then  a  centre  U  fonned  tn  the  body  behind  the  chorda  [/lo^in),  which,  hovrvcr,  ift 
compoifrd  of  two  cloMly  apposed  centres.  At  the  51!)  month  the  o^^seous  matter  has  reached  the 
surface,  the  chorda  within  the  body  of  the  vertebra  \%  compressed  :  the  three  jHuts  unite  in  the  m 
year.  The  atlas  has  one  centre  in  the  anterior  arch  and  two  in  the  posterior ;  they  untr<-  m  •i^'-  ^H 
year.     The  epistropheus  has  a  centre  at  the  1st  year.     The  three  points  of  the  lacral  %  le 

or  nnchylose  between  the  2d  ai]d  the  6th  year,  and  all  the  venehnr  (sacral)  become  tn   "  rm 

one  body  between  the  i8ih  and  25tb  years.  Each  of  the  faor  coccygeal  vertebne  has  a  centre  Uvm 
tbc  1st  to  loth  year.  The  vcrtcbnt:  in  later  years  |iri>«1uce  i  to  2  centres  in  each  process;  I  to  a 
centres  in  each  transverse  process;  1  in  the  m-immitlary  pruccsx  of  the  lumbar  vericiir;r ;  and  mw 
in  each  aiticular  process  (S  to  15  years).  Of  the  upper  and  under  surfaces  of  the  body  of  a  Tmtfeo 
each  fot-nis  an  epipliysial,  thin  otseous  plate,  wtiich  may  still  be  visible  at  the  20ih  year.  Groups  of 
the  cells  of  the  chorda  arc  still  to  be  found  within  the  intervertebral  disks.  As  long  as  the  coccy- 
geal vertebra-,  the  oduniuid  process,  and  the  ba^e  of  the  skull  arc  cartilaginous,  they  Aill  contaan 
the  remains  of  the  chorda  {//  Miilffr).  'Hie  coccygeal  vertcbrx  form  the  tail,  and  they  oriftuallf 
project  in  man  like  a  tall  (Fig.  563.  IX,  T),  which  is  ultimately  covered  over  by  the  growth  of  the 
soft  pons  {//is). 

The  ribs  bud  out  from  the  protovenebr:?,  and  are  represented  on  each  vertebra.  The  iborack 
ribs  become  cartilaginous  in  the  2d  month  and  grow  forward  into  the  wall  of  the  chest,  whereby  the 
se>'en  upper  ones  are  united  by  a  median  portion  {ffa/kie),  which  represents  the  position  of  one* 
half  of  the  sternum,  and  when  the  two  halves  meet  in  the  middle  line  the  sternum  is  formed.  When 
this  docs  not  occur  we  have  the  condition  of  cleft  sternum.  \\  the  6ih  month  there  is  a  ccntne 
of  ossificalion  in  the  manubnum,  then  4  to  13  in  paiis  in  the  body,  and  1  in  the  ciisirorm  proco*. 
Each  rib  has  a  centre  of  os.Mfication  in  its  body  at  the  2d  nionih,  and  at  the  Sth  to  l4lh  one  in  the 
tubercle  aod  another  in  the  head.  These  ancbylosc  at  the  ulh  to  25th  year.  Sometimes  cervical 
ribs  arc  procni  in  man,  and  they  ate  largely  developed  in  birds. 

Tlie  skull. — The  chorda  exietuts  forward  into  ihe  axial  part  of  the  base  to  the  spheooid  banc 
The  skull  at  first  is  inembranouB.  or  the  primordial  cranium ;  at  the  second  month  the  baial 
portion  becomes  cartilaginous,  including  the  occipital  bone.  eiice)4  the  upper  half,  the  anfcnor 
and  posterior  imrt  and  win^^  of  the  !i|>henoid  l)one,  the  petrous  [larT  and  mastoid  process  of  the  tern* 
poral  bone,  the  cthnoid  with  the  na«a]  septum,  and  the  cartilaginous  part  of  the  nose.  Tbe  other 
parts  of  the  skull  remain  membranous,  so  that  there  is  a  cartilaginous  and  a  membranous  pcimor- 
dial  cranium. 

I.  The  occipital  bone  has  a  centre  of  ossification  in  the  basilar  part  of  the  3d  month,  aad  ooc 
in  the  condyloid  part  and  another  in  the  fossa  cerebelli,  while  llicre  are  twti  centres  in  the  mem- 
branous cerebral  fossx.  The  four  centres  of  the  body  unite  during  intrauterine  life.  All  the  other 
parts  unite  at  the  1st  to  3d  year. 

II.  The  post -sphenoid. — From  the  jd  month  it  has  two  centres  in  the  iclla  turcica,  two  la  the 
sulcus  caroticus,  two  in  both  great  wiugn,  which  also  form  the  lamina  cxlcrrui  of  the  [ilcryjroiil  pro* 
cess,  while  the  non  cartilaginous  and  previously  formed  inner  lamina  arises  from  the  superior  maa- 
illary  process  of  the  first  branchial  arch.  During  the  lir>t  half  of  f<et.\l  life  these  centres  uaila  ai 
far  as  the  great  wingi ;  the  dor>utii  kILc  and  the  ctinoid  process,  as  far  as  the  synchundrocis  ^>hww- 
occipiuUs,  are  »till  cant  login':)  us,  but  they  ossify  at  the  13th  year. 

III.  The  pre-Bphenoid  at  the  8th  month  has  two  centres  in  the  sn)all  wings  bikI  two  in  the 
body.     At  the  6th  month  they  unite,  but  cartilage  is  still  found  within  them  even  at  the  ijih  yrar, 

IV.  1'he  ethmoid  has  a  centre  in  the  labyrinth  at  the  5th  mouth,  then  in  the  IM  foa  a  cenln 
in  the  central  lamina.     They  tinitc  ahont  the  5th  or  6th  year. 

V.  Among  the  membranous  bones  are  the  inner  lamina  of  the  pterygoid  ptoceaa  fone  evnrre), 
the  upper  half  of  the  tabular  plaie  of  the  occipital  (two  points),  the  parietal  bone  (one  ceoue  la 
the  parietal  eminence),  the  fronlnl  lv>nr  (one  double  centre  in  the  frontal  eminence),  three  acnall 
centres  in  the  oosol  spine,  ^pina  trochlcaris  and  zygomatic  pruccss.  nasal  |onc  centre),  the  ed^  o£ 
the  parietal  bones  (one  centre),  the  tympanic  ring  (one  centre),  the  lachrymal,  vomer,  aad  lato- 
maxillary  bone. 

Ilie  facial  bones  are  intimately  related  to  the  transformations  of  the  fran^hial  arria  awl 
hranikiai ele/is.  The  median  end  of  the  first  branchial  arch  projects  inwani  from  each  side 
towani  the  large  oral  aperture.  It  has  two  proccsiic:^.  the  superior  maxillary  process,  wh>ch 
grows  more  laterally  toward  the  side  of  the  mouth,  and  the  inferior  maxillary  proceaa,  which 
lurroundi  the  lower  margin  of  the  mouth  (Fig.  563,  IX).  From  above  downward  there  grows  la 
an  elongation  of  the  t>8sis  cranii  the  frontal  process  (j),  a  broad  process  with  a  |»oini  [y)  at  its 
lower  and  outer  angle,  the  inner  nasal  process.  The  frontal  and  Ihc  4U]»erior  maxilUry  procenes 
(r)  unite  with  each  other  in  such  a  way  that  the  former  projects  l>etween  the  two  latter.  Al  the 
same  time  there  is  anchylosed  with  the  superior  maxillary  process  the  small  external  nasal  process 
(n),  a  prolongation  of  the  lateral  part  of  the  skull,  and  lying  above  the  superior  mai.illar«  ^iriKcss, 
Between  the  latter  and  the  outer  nasal  process  is  a  slit  leading  to  the  eye  (d).  Thuv  the  mo«th 
cut  off  from  the  naial  a|)crturcs  which  lie  above  it.  But  tbe  sepamiion  is  continued  also  within  tl 
mouth;  the  superior  maxillary  process  produces  Ihc  upper  jaw,  the  nasal  process,  and  the  iotcrmaa- 
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illory  process  {Goethf) — the  latter  is  presenl  in  mnn,  hui  is  united  lo  the  upper  jaw.  The  inter- 
niaxillary  bone,  which  in  many  anim^iU  remains  as  a  Be[>aralc  bone  (oi  incisivum),  carries  ihe 
incisor  teeth.  At  the  9th  week  the  hard  palate  is  closed,  and  un  it  rests  the  .septum  of  the  no«i;, 
descending  vertically  from  the  frontal  proccAS.  The  lower  jan-  is  formed  Irom  the  inferior  maxil- 
lary process.  At  the  circumference  of  the  oral  aperture  the  lips  and  the  alveolar  walU  are  formed. 
The  tongue  is  formed  behind  the  point  of  the  union  of  the  second  and  third  branchial  arches  {//is) ; 
while,  according  to  Uorn,  it  is  formed  by  an  inlcrmedialc  part  between  the  inferior  maxillary  pro- 
cesses. 

These  traneformotions  nay  be  interrupted.  If  the  frontal  process  remains  sepamte  from  the 
superior  maxillary  processes,  then  the  mouth  is  not  separated  from  the  nose.  This  sei>aralion  may 
occur  only  in  the  fir<ft  parts,  canstitutinj;  bair-lip  {Fig.  567);  or  it  may  involve  the  hard  palate,  con- 
stituting cleft  palate.  Both  conditions  mny  occur  on  one  or  both  sides.  From  the  po»Ccrior  part 
of  the  6rst  branchial  arch  are  formed  the  mathus  (ossiBed  at  the  4th  month),  and  Meckel's  carti- 
lage (Fig.  56S),  which  i^rocccds  from  the  latter  behind  the  tympanic  ring  as  a  long  cartilaginous 
process,  extending  along  the  inner  side  of  the  lower  jaw,  almost  to  its  middle.  It  disappears  after 
the  6th  month  ;  still  its  poMerior  pirt  forms  the  interual  lateral  ligament  of  the  maxillary  articula- 
tion. Near  where  it  leaves  the  malleus  is  the  processus  Folii  [  B'iumuUer\.  A  part  of  its  me<lian 
end  ossifies,  and  unites  with  the  lower  jaw.  The  lower  jaw  is  laid  down  in  membrane  from  the 
first  branchial  arch,  while  the  angle  and  condyle  arc  formed  from  a  cartilaginous  process.  The 
union  of  both  bones  to  form  the  chin  occurs  at  the  1st  year.  From  the  superior  maxillary  process 
are  formed  the  inner  lamella  of  the  pterygoid  process,  the  palatine  process  of  the  upper  jaw,  and 
the  palatine  bone  at  the  end  of  the  2d  month,  and,  lastly,  the  malar  Ixjne. 

The  secoDd  arch  [/iivi./].  arising  from  the  temporal  bone,  and  running  parallel  with  the  firFl 
arch,  gives  rise  to  the  stapes  1  although,  according  to  .Salcnsky.  this  is  derived  from  the  first  arch  I. 
the  eminentia  pyramidalis,  with  the  siapt:dius  muscle,  the  incus,  the  styloid  process  of  the  temporal 


Fig.  567. 


Fic.  568. 


Fig,  567. — K»re-Up  on  ihe  left  side.  Fm.  568. — Inner  view  of  th«  lower  jaw  of  an  emhryo  ptg  3  inches  long  (X  3MI. 
Mr4,  Meckel')  cirnla^e  ;  ■/.  denury  bone;  ^#-,  coronald  process;  a/',  articular  process  (condyle} ;  «i^,  angular 
process:  m/,  aiiiUeut:  wi^,  manubrium. 


bone,  the  (formerly  cartilaginous)  stylo-hyoid  ligament,  the  smaller  comu  of  the  hyoid  bone,  and, 
lastly,  the  glosso- palatine  arch  (//ij). 

The  third  arcb  \thyro-kyoid\  forms  the  greater  cornu  and  body  of  the  byoid  bone  and  the 
pharyngo  palaline  .irch  (//is). 

The  fourth  arch  give*  rise  to  the  thyroid  cartilage  (//is). 

Branchial  Clefts. — The  /irj/  branchial  or  visceral  is  represented  by  the  external  auditory  meatus, 
the  tymp.inic  cavity,  and  the  Kustachian  lulie ;  all  the  other  clefts  close.  Should  one  or  other  of 
the  clefts  remain  ap?n,  a  cmdition  that  is  sometimes  hereditary  in  some  families,  a  cervical  fistula 
results,  and  it  may  be  firmed  either  from  without  or  within.  Sometimes  only  a  blind  diverticulum 
remains,     liranchingenic  turn  ir«  and  cysts  depend  upon  the  branchial  arches  [/?,   yoikmoHH). 

[Relation  of  Branchial  Clefts  to  Nerves. — It  is  imponanl  to  note  that  the  clefts  in  front  of 
the  mouth  (i*r-^-fl/-tf/),  and  those  behind  it  {post- oral  ).hA\K  a  relation  lo  certain  nerves.  The 
Itichrymti/ s\\X  between  the  frontal  and  nasal  processes  is  supplied  by  the  ^rs/  t/tvititm  i'/ fk^  fn'. 
^eminus.  The  nasai  slit  between  the  superior  maxillary  process  and  the  nasal  process  is  supplied  by 
the  bifurcation  of  the  thin/  ntrve.  The  oral  cU/i,  between  the  superior  maxillary  processes  and  the 
mandibular  arch,  is  supplied  by  the  sfccHii  am/  third  t/iviiiotts  of  the  trigeminHn.  The  first  posi- 
oral  or  tymiianic-Eustachian  cleft,  between  ihc  mandibular  arch  (ist)  and  the  hyoid  arch,  Ls  sup- 
plied by  (be/nrft(i  ,/tira.  The  nett  cleft  is  supplied  by  itxe  g/oiso-pkaryngea/t  and  the  succeeding 
clefts  by  branches  of  the  vni^us.'] 

The  thymus  and  thyroid  glands  are  formed  as  paired  diverticula  from  the  epithelium  covering 
[he  branchial  arches.  The  epithelium  of  the  last  two  clefts  docs  not  disappear  fpig).  but  proliferates 
and  pushes  inward  cylindrical  processes,  which  develop  into  two  epithelial  vesicles,  the  paired  com- 
mencement of  the  thyroid  glands.  These  vesicles  have  at  first  a  central  slit,  which  communicates 
with  the  pharynx  (  Wo/^r).     According  to  His,  the  thyroid  gland  appears  as  an  epithelial  vesicle 
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in  the  region  of  the  ad  pair  of  vUccnl  arches  ia  front  of  (be  lon|;u« — tn  msn  at  the  4lh  mcfc.  SolU 
buds,  which  ultimately  become  holloiv,  are  given  of7  from  the  cavity  in  the  ccnuc  of  Uie  tmbryooic 
thyroid  ^land.  The  two  glamli  ulliniatcly  unite  together.  The  only  cpilhcitat  jmlii  u(  the  ikjrmMt 
which  remain^  is  the  so-called  cunccniric  corpuscles  tp.  17S1.  Accordinj;  to  Born,  ihis  rlwiil  i»  a 
divenicutum  from  the  3d  cleft,  while  Kit  ascrit>es  tis  ori(;in  to  the  4ih  and  5th  aortic  ardwa 
in  man  at  the  4th  week.  The  carotid  gland  is  of  e|iiihclial  urigin,  hcW}^  a  T^nctjr  of  ibe 
thyroid  {StirJii). 

The  Extremitiea. — The  ori^n  and  course  of  the  nerves  of  the  brachial  pleius  show  tlut  ibc 
upper  ex^remi/y  wai  originally  placed  much  nearer  to  the  cranium,  while  the  ncwUitm  of  Ihv/MrtV^ 
rior  pair  corresponds  to  the  last  tumUar  and  the  jd  or  4th  sacral  vertebrit!  {fUt). 

The  clavicle,  according  10  Itnich,  Ls  not  a  memlirane  tione.  but  is  formed  in  canila^e  like  tbc 
furculum  of  birds  ( Gt/^etthaur).  At  the  2d  month  it  is  f(*ur  limes  as  lar^e  as  the  utipcr  timt> ;  it  it 
the  Bist  bone  to  os!>ify  at  the  7th  week.  At  puberty  a  sternal  epiphysis  is  funned.  Episicmal  bonct 
musi  be  referred  to  ihc  clavicles  (  Ca/fe).  Kuge  regards  pieces  of  cartilages  exisiing  betweeft  Um 
clavicle  and  the  Mernum,  as  the  anahigucs  of  the  epistemum  of  aiiinidU.  The  clavicle  u  atiMiM  in 
many  mammals  (carnivora) ;  it  is  ttry  large  in  tlying  animals,  and  in  the  rabbit  is  half  mcnbrntoM. 
The  furculum  of  binls  represents  the  united  clavicles. 

The  scapula  ai  first  is  united  with  tlie  clavicle  {Xa/AMf,  GWt)^  and  at  tJie  cod  of  the  sd  ■walk 

Fig.  569. 


Cealrat  of  OMlftcatlon  of  the  InnoMinati  bone. 


tl  has  a  median  centre  of  ouification,  which  rapidly  extends.    Moq:)boIogically,  the  ac^.^ 

in  the  coracuid  process  is  interesting ;  Ihc  latter  also  forms  the  up|x:r  )>ari  of  the  ani< 

In  birds  tlie  corresponding  structure  forms  the  coracoid  bone,  and  is  united  with  itic    Mcnium; 

white  in  man  only  a  membranous  liand  stretches  from  the  tip  <>(  the  coracoid  process  to  the  sternuin. 

The  long,  basal,  osseous  &trip  corre»p<jnd$  to  the  suprosnapular  bene  of  many  animals.     The  other 

centresof  oaaiticatinn  are  -one  in  the  lower  angle,  two  or  three  in  the  acionitun,  uoe  in  the  articuUr 

surface,  and  an  inconstant  one  in  the  spme.     Complete  conkolidotifm  occurs  at  pubeny. 

The  bumerua  ossifies  at  the  8th  to  the  9th  week  in  its  shaft.  Tlie  other  centres  are  —one  in  the 
upper  epiphysis,  and  one  tn  the  canitellum  ^ist  year) ;  one  in  the  great  tulviunty  anil  moc  taihe 
small  tuberosity  (2d  year) ;  two  in  the  cnndyles  [jth  to  icttli  year);  one  in  the  trochlea  (ijib  Jtm). 
The  e|iiphyset  unite  with  the  shaft  si  the  i6lh  to  20th  year. 

The  radiua  ossilies  in  the  shaft  at  Ihc  3d  month.  The  other  centres  ar« — one  In  tlie  |ai»«r  epi- 
physis {5th  year),  one  in  the  up]icr  (6tli  year),  and  an  inconstant  one  in  the  tulicrosiiy^,  and  ooa  ca 
the  styloid  (>roces5.     They  unite  at  pul»cny. 

The  ulna  also  ossifies  in  the  ihoit  at  the  3d  month.  There  is  a  centre  in  the  lower  end  (6tii  fcar), 
two  in  the  olecranon  ( I  iih  to  I4tli  year),  and  an  inconstant  one  in  llie  coranoid  pruoeaa,  and  mm  m 
the  styloid  process.     They  coosolidaie  at  puberty, 
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The  carpus  i!«  arningeil  in  mammaU  in  Iwn  rows.  'Ilie  first  row  containi  ihree  bones— the 
radial,  intermediate  aitil  ulnar  bones.  In  man  these  are  represented  by  the  icaphuid,  semilunar 
and  cuneiform  bones ;  (he  piiiit'orm  is  only  a  sesamoid  I'one  in  the  tendon  of  the  Hexor  carpi  ulnaris. 

The  second  row  really  cnrntiM-s  of  as  many  bones  as  there  arc  digits  {f  g-,  salamander).  In  man 
the  common  position  of  the  4th  and  5th  fingers  is  represented  by  the  unciform  bone.  Morphologic- 
ally, it  is  interesting  to  observe  that  an  os  centrale,  corresponding  to  the  os  carpal e  cenlrale  of 
reptiles,  amphibians,  and  lomc  mammals,  is  formed  at  first,  liut  disappears  at  the  end  of  the  3d 
iDDnth,  or  unites  with  the  scaphoid.  Only  in  ver>'  rare  cases  is  it  {wrsistent.  All  the  carpal  bones  are 
cartilaginous  at  birth,  lliey  o&sify as  follows:  CH magnum, unciform  {ist  year). cuneiform  (3d  year), 
trapezium,  semilunar  (5th  year),  scaphoid  (6lh  year(,  trapezoid  (7th  year),  and  pisiform  ( i2th  year). 

The  metacarpal  bones  have  a  centre  in  their  diaphyses  at  the  end  of  the  3d  month,  and  so 
have  the  phalanges.  All  the  phalanges  and  the  first  bone  of  the  thumb  have  their  cartilaginous 
epiphyses  at  the  central  end,  and  the  other  metacarpal  tK>nes  at  the  peripheral  end,  so  that  the  Hrst 
bone  of  the  thumb  is  to  lie  regarded  as  a  phalanx.  The  epiphyses  of  ll»e  metacarpal  hones  ossify  at 
the  3(1,  and  those  of  the  phalanges  at  the  3d  year.     They  conmlidate  at  pubeny. 

The  innominate  bone,  when  cnrtdaginous,  consists  of  two  parts — the  pubis  and  the  ischium 
{/tosenherg).  Ossification  l>egins  with  three  centres-— one  in  the  ilium  (3d  tn4thmonlh^,  one  in  the 
descending  ramus  of  the  ischium  (4tb  to  5th  month),  one  in  the  horizontal  ramus  of  the  pubis  (5th 
to  7th  month).  Between  the  6th  to  the  14th  year  three  centre*  are  formed  where  the  l)odies  of  the 
three  Ix^nes  meet  in  the  acetabulum,  another  in  the  »uperficiex  auricularis,  and  one  in  the  »ymphysift. 
Other  acces!«ry  centres  are:  One  in  the  anterior  inferior  spine,  the  cre&t  of  the  ilium,  the  lul>erosity 
and  the  spine  of  the  ischium,  the  tuberculum  pubis,  eminentia  ileopecunea,  and  Auor  of  the  ace- 
tabulum. At  Brst  the  descending  ramus  of  the  pubis  and  the  ascending  ramus  of  the  ischium  unite 
at  the  7lh  to  Slh  year;  the  V-shaped  suture  in  the  acetabulum  remain^i  until  puberty  (Fig.  569). 

The  femur  has  its  middle  centre  at  (he  end  of  the  2d  month.  At  birth  there  is  a  centre  in  the 
lower  epiphysis;  slightly  later  in  the  head.  !n  addition,  there  is  one  in  the  great  trocliontcr  (3d  to 
1 1th  year),  one  in  the  lesser  trochauler  (i3th  to  I4lh  year),  two  in  the  condyles  {4lh  to  8lh  yearl ; 
all  unite  about  the  time  of  puberty.  The  fnltUa  is  a  sesamoid  bone  in  the  tendon  of  the  (|uadriceps 
femoris.     It  is  cartilaginous  at  the  2d  month,  and  ossifies  from  the  1st  to  the  3d  year. 

The  tarsus  generally  lesembles  the  carpus.  The  os  calcis  ossifies  at  the  beginning  of  the  yih 
month,  the  astragalus  at  the  beginning  of  the  8th  month,  the  cuboid  at  the  end  of  the  loth,  the 
scaphoid  (ut  to  5th  year),  the  I  and  II  cuneiform  (3d  year),  and  the  III  cuneiform  14th  year). 
An  accessory  centre  is  formed  In  the  heel  of  ihe  calcaneum  al  the  5tfa  to  loih  year,  which  consuU- 
dates  at  puberty. 

The  metatarsal  bones  are  formed  Hke  the  metacarpals,  only  later. 

[Histogenesis  of  Bone. — The  great  majority  of  our  hones  are  laid  down  in  cartilage,  or  are 
preceded  by  a  cartilaginous  stage,  including  the  bones  of  the  limbs,  backbone,  base  of  the  skull, 
sternum  and  rtl>s.  These  con*ist  of  solid  mosses  of  hyaline  cartilage  covered  by  a  membrane, 
which  is  identical  with  and  ultimately  becomes  the  periosteum.  The  formation  of  tx^ne,  when 
preceded  by  cartilage,  is  calUd  endochondral  bone.  Some  l>oncs,  such  as  the  tabular  bones  of 
the  vault  of  the  cranium,  the  facial  Uines.  and  part  of  the  lower  jaw,  ore  not  preceded  by  cartilage. 
In  the  latter  there  is  merely  a  membrane  present,  while  from  ami  in  it  the  future  bone  is  formcil. 
It  becomes  the  future  periosteum  as  well.  This  is  calle<:l  the  intra-membranous  or  periosteal 
mode  of  formation.} 

[Endochondral  Formation. — (i)  The  cartilage  has  the  shape  of  the  future  bone,  only  in  minia' 
ture,  and  it  is  covered  with  periosteum.  In  the  cartilage  an  opaque  spot  or  centre  of  ossification 
appears,  due  to  the  deposition  of  lime  salts  in  its  matrix.  The  cartilage  cells  proliferate  in  ibis 
area,  but  the  first  bone  is  formed  under  the  periosteum  in  the  shaft,  so  that  an  osseous  case,  like  a 
muff,  surrounds  the  cartilage.  This  bone  is  formed  by  the  sub  periosteal  osteoblasts,  (a)  Hlood 
vessels,  acoompanied  by  osteoblasts  and  connective  tissue,  grow  into  the  cartiLoge  from  the  osteogenic 
layer  of  the  periosteum  {periosttal  procfisei  of  Virchow),  so  that  the  cartilage  becomes  channelled 
and  vascular.  As  these  channels  extend  they  open  into  the  already  enlarged  cartilage  lacunx, 
absorption  of  the  matrix  taking  place,  while  other  parts  of  the  cartilaginous  matrix  become  calcified. 
Thus,  a  series  of  cavities,  hounded  by  calcified  cartilage — the  primary  mfiMlary  emniiei — are 
forme<l.  They  contain  the  primary  or  eariiiage  marrcno^  cotisisitng  of  blood  vcssiels,  osteoblasts^ 
and  osteoclasts,  carried  in  from  the  osteogenic  layer  of  the  periosteum,  and,  of  course,  the  cartilage 
cell*  that  have  been  liberated  from  their  lacume.  (3)  The  osteoblasts  are  now  in  the  interior  of  the 
cartilage,  where  they  dispose  themselves  on  the  calcillcd  cartilage,  and  secrete  or  funn  around  them 
an  osseou<i  matrix,  thus  enclosing  the  calcified  caniKige,  while  the  astcublahls  themselves  become 
embedded  in  the  products  of  their  own  activity  and  remain  as  bone  corpuscles.  Bone,  therefore, 
is  at  first  spongy  bone,  and  as  the  primary  medullary  spaces  gradually  become  filled  up  by  new 
osseous  matter  it  becomes  denser,  while  the  calcified  cattilage  is  gradually  absorbed,  li  is  to  be 
remembered  that,  pari  passu  with  the  deposition  of  the  new  bone,  bone  and  cartilage  arc  being 
absorbed  by  the  osteoclasts.] 

Chemical  Composition  of  Bone. — Dried  bone  contains  \  of  organic  tnatter  or  ossein,  from 
which  gelatin  can  be  extracted  by  prolonged  boiling:  and  about  )  mineral  matter,  which  consists 
of  neutral  calcic  phosphate,  57  percent.;  calcic  carbonate,  7  per  cent.;  magnesic  phosphate*  i  to  3 
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per  cent. ;  calcic  6uoriHe,  i  per  cent.,  with  traces  of  chlorine ;  snd  wafer,  about  23  i>er  cent.  The 
tnarrow  contains  fluid,  fat,  albumin,  hy|x>xanthin,  cholcsicrin  and  extractives.  The  red  mufrow 
contains  more  iron,  correspond inj;  to  its  larger  proportion  of  h.xinogloljin  yXasst). 

[The  medullary  cavity  of  a  long  bone  is  occapied  by  ytUsm>  roarrow,  which  contain*  about 
per  cent,  of  faL     The  r<ti  marrow  occurs  in  the  cntis  of  long  bones,  in  the  flat  bonet  of  the  »kul 
and  in  some  short  bones.     It  contains  very  little  fat,  and  is  really  lymphoid  in  its  characters, 
in  fact,  a  hlood-forming  titstu  (p.  28).] 

Growth  of  Bones.— Long  bones  grow  in  thicknetv  by  the  depmition  of  new  bone  bom  it 
periosteum,  the  osicohlasts  bccominc  embedded  in  the  osseous  roairix  to  form  the  ^ant  tarfmu' 
Some  of  the  fibre*  of  the  ci>nncctivc  tissue,  which  arc  caught  up,  as  it  were,  in  the  procr*',  "■rv^a^<. 
Sharpey's  fibres,  which  nrc  calcified  fibres  of  white  fibrous  tissue,  bolting  tojfcthcr  tli 
lamellrc.     [MUllcr  and  Schlfer  have  shown  that  there  are  also  fibres  in  the  peripheric  hpi 
parable  to  yellow  elastic  fibres;  they  branch,  stain  deeply  with  magetita,  and  are  beat  developed  in 
the  bones  nf  birds.] 

[At  the  same  lime  that  bone  w  l>eing  deposited  on  the  5urfacc  it  is  being  absorbed  in  the  marroi 
cavity  by  the  action  of  the  osteoclasts,  so  that  a  raetnlllc  ring  placed  round  a  btme  in  a  vt 
animal  uUimatcJy  comes  lo  lie  in  the  medullary  civity  \Dukamd).     The  growth  in  leT:i,T*;  "     ft] 
place  by  the  cominunl  growth  ami  oa-^ificaliun  of  the  epiphysial  cartilsgc.     The  cartih_ 

ally  absorlied  from  lielow,  but  it  proliferates  at  the  same  time,  so  that  what  is  lorsi  m  one  U.i..^; ^ 

more  than  made  up  in  the  other  {J.  {/untir)i\ 

When  the  growth  of  bone  is  al  an  eml,  the  epiphysis  becomes  united  to  the  diiphyMs.  the  epi- 
physial cartilage  itself  becoming  ossified.  It  i<t  n'K  definitely  provetl  whether  there  is  an  imentilu] 
expansion  or  growth  of  the  true  osseous  substance  itself,  as  maintained  by  Wolff  ()  £44.  9l> 

[Howship's  Lacunz. — The  osteoclasts  or  myeloplaxes  are  large  multinucleor  giant  cdb^ 
which  erode  Imnc.  They  can  lie  seen  in  great  numbers  lying  in  small  depressions,  correspomfinc 
to  them — Howship's  Incunx — 00  the  fang  of  a  temporary  tooth,  when  it  is  being  absorbed.  They 
arc  readily  seen  in  a  microscopical  section  of  spongy  bone  with  the  soft  parts  ptewrrvcil.] 

The  form  of  a  bone  is  innuenccd  by  external  conditions.  The  bones  are  stronger  the  (^aiet 
the  activity  of  the  mviscles  acting  on  them.  If  pressure  acting  normally  up<in  a  Ixme  l>e  rcmovrd. 
the  bone  develops  in  the  direaion  of  least  resistance,  and  becomes  thicker  in  that  direction.  Ekme 
develops  more  slowly  on  the  side  of  the  greatest  external  pressure,  and  U  is  corved  by 
pressure  [LfssAa/i), 

448.  DEVELOPMENT  OF  THE  VASCULAR  SYSTEM— Heart.-[The  he«iti 

as  a  solid  mas^t  of  cells  in  the  sphinchnopleure,  at  the  front  end  of  the  embryo,  immediately  &» 
the  "  fore-gut."  Very  soon  a  cavity  appears  in  this  mass  of  cells;  some  of  the  latter  (loal  free 
the  fluid,  while  the  cellular  wall  begins  tu  pulsate  rhylhmicallv.  This  hollow  cellular  strarli 
elongates  into  a  tube,  which  ver)*  soon  assumes  a  shspe  somewhat  like  an  S  (Fig.  ^70,  i),  and  th^e 
are  indications  of  Its  being  suUlividcd  into  (a)  an  upper  aortic  put  with  the  bulbus  arterkMtis  \ 
[b)  a  middle  or  ventricular  part;  and  in  a  lower  venous  or  auricular  part.  The  heart  then 
curves  on  itself  in  the  form  of  a  horseshoe  (2I,  so  (hni  the  venous  end  'A)  comes  lo  lie  above  aad 
slightly  behind  the  arterial  end.  On  the  right  and  left  side,  rcspectivdy,  of  the  venous  i«art  is  a 
blind  hollow  outgruwih,  which  forms  the  Urge  auricle  «n  each  side  (3,  o,  n, ).  The  flexure  of  tht 
body  of  the  heart  corresponding  to  the  great  curvature  (2,  V)  is  divided  into  two  large  compan* 
roents  (3),  the  division  being  indicated  by  a  slight  dcpresuon  on  the  surface.  T)ie  large  tmacos 
venosus  (4,  V),  which  joins  with  the  middle  of  the  )>osterior  wall  of  the  auricular  part,  is  compoasJ 
of  the  superior  and  inferior  vea-v  cwx.  This  common  trunk  is  absorbed  at  a  later  |)criod  talo  tbe 
enlarging  auricle,  ami  thus  arise  the  separate  terminations  of  the  superior  and  inferior  vendr  caw. 
In  man,  the  heart  soon  comes  to  lie  in  a  special  cavity,  which  tn  part  is  bounded  by  a  portion  of 
the  diaphragm  {//is).  At  the  4th-5ih  week  the  heart  logins  lo  be  divided  into  a  right  ami  a  Idfc 
half.  Concsponding  lo  the  position  of  the  vertical  ventricular  furrow,  a  septum  growi  opwmrd 
vertically  in  the  interior  of  the  heart,  and  divides  the  ventricular  part  into  a  right  and  left  wnlricle 
(5,  R,  L).  There  is  a  constriction  in  the  heart  between  the  auricular  and  ventricular  portions. 
forming  the  canalja  auricularis.  It  amtains  a  communication  between  the  auricle  and  tuch 
ventricles,  lying  between  an  anterior  and  posterior  projecting  lip  of  endothelium,  from  which 
aitriculovcnlricular  valve*  arc  formed  (/•'.  Schmii/i).  The  ventricular  icpluiii  j;fnws  upward  toi 
the  canalis  auricularis.  and  is  complete  al  the  Sth  week.  Thus,  the  large  undividciJ  auricle  comi 
nicatci  by  a  right  and  left  auriculo-ventricular  opening  with  the  correspond! nj;  ventricle  (5).  At 
the  same  time  two  se]jta  (4.  /  If)  appear  in  the  interior  of  the  truncus  arteriosua  '4./*),  which 
ultimately  me-t,  and  thus  divide  this  lube  into  two  tubes  (5.  <i  /|.  the  Uner  forming  the  aorta 
pulmonary  artery,  and  are  disposed  toward  each  other  like  the  tubes  in  a  double  iMrrclleiJ  gui 
The  septum  grows  downward  until  it  meets  the  ventricular  septum  1 5),  so  that  the  right  rentrict 
comes  to  be  connected  with  ihe  pulmonvy  artery,  and  the  left  with  the  aorta.  The  division  of  tl 
truncal  arteriMus.  however,  takes  place  only  in  the  fir.<t  part  of  its  course.  The  divuion  does 
Lkke  place  above,  so  that  the  pulin'jnary  artery  and  aorta  unite  in  one  common  trunk  above, 
communication  between  the  pulmonary  artery  and  the  aorta  is  the  ductus  arteriosus 
(7.  B). 
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In  the  auricle  a  septum  grows  from  the  front  and  behind,  ending  inlcmally  with  a  concave 
margin.  The  vena  cava  su^rior  (6,  Ci)  ternilnate^  to  the  right  of  this  fold,  so  that  its  blood  will 
lend  to  fo  toward  the  right  ventricle,  in  the  direction  of  the  arrow  in  6,  jr.  The  cava  inferior,  on 
the  other  band  (6,  Of),  opcni  directly  opposite  the  fold.    On  the  left  of  its  orifice,  the  valve  of  the 
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Development  of  tKc  heart,  i,  Early  appeanuiccoT  the  hearl : — a,  aortic  vart,  with  ihebiilbuH,  A;  r,  vanoiis  ind.  *, 
Hor»ri^m->K)tpc(l  curving  of  tnc  neart— ^i,  kortic  end,  with  the  bulbti«,  i;  I',  ventricle  ;  A,  auricular  pan.  3, 
FomuiLion  of  toe  auricular  appeodagci,  «,  <',,  and  tlic  cxlernal  furniw  in  t)i«  veniHck.  4,  Cummcncinc  divUJon 
of  the  aorla,  /,  into  two  iubc&,  a.  5  View  froio  the  hrhind  of  iti«  opcnnl  »uricV,  v,  f.  into  the  L  and  K  vcn- 
irida,  and  betwcca  the  two  latter  the  pmjccting  ventricular  M^plnni,  while  the  aoru  («)  and  pulmonary  artery 
f  ^)  open  into  their  mpMtivc  ventricle*,  t.  ReUiion  uf  the  nrificcs  of  th«  ftuperlor  iCt)  and  Inferior  vena  cava 
{Ci)  to  the  auri>:le  (schematic  view  from  ab<ivc)— jr,  ijitcctlqn  of  the  bkiod  of  the  superior  vetia  cava  into  the 
right  auricle  ;  v,  that  of  the  Inferior  cava  to  the  lefc  aunrlc  :  //.,  lu^jcrcle  of  I-ower.  7.  Heart  of  the  ripe  foeiuk^ 
A,  ri^ht,  L,  left  ventridc  ;  a,  aorta,  with  the  inrvominaic,  ■;,<-,  carotid,  c,  and  kit  Mibclavian  artery,  4  ;  B,  ductua 
srtvnosus :  /,  pulmuiutry  artery,  with  the  small  bmachck  /  and  ;,  to  the  1uns«. 


Fig.  57i. 
2.        J  1  ,     4. 
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The  aortic  arches.  1,  The  lint  position  of  the  1,  a  and  3  arches;  a,  5,  aortic  arches  ;  /«.  cotnmon  aortic  tniolt;  «^. 
dMCcnding  aorta.  Disappearance  of  (he  upper  two  arches  on  each  side— .V,  subcUivian  artery  ;  v,  vertebral 
artery:  is^,  axilhiry  nnery.  4.  Transition  t<i  the  final  lu^e — P,  pulmonarv  arterv  ;  y|,  aorta;  tfiS,  ductus  arte- 
riosus {Bgtaffi)  ;  S,  right  subclavian,  untied  witli  the  right  common  carotid,  which  divides  into  tlie  lolemal  {Ci) 
and  exierual  carotio  ( Cr) ;  mx,  axillary  ;  p,  vertebral  artery. 


foratnen  ovale  is  romted  bjr  a  fold  growing  towarri  the  auricular  fold,ao  that  Iht  blood  current  from 
the  inferior  vena  cava  gocH  only  to  the  /f/i,  in  the  direction  of  the  arrow,  y :  on  the  right  of  the 
oritice  of  the  cava,  and  opposite  the  fold,  it  the  Eustachian  valve,  which,  in  conjunction  with  the 
tubercle  of  Lower  (/Z.),  directs  the  stream  from  the  inferior  vena  cava  to  the   left  into  the  lelt 
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■uncle,  through  the  previous  foramen  ovale.  Compare  the  fteial  circuluion  (p.  88$).  After 
birth,  the  vaIvc  of  the  forameii  ovale  closes  thai  apenure,  while  ihe  ductus  anertotu*  also  Income* 
impervJouK,  fo  that  the  blood  of  the  pulmonary  artery  is  furcvd  to  ^u  thtnuwb  the  pulmuoary 
branches  proceeding  to  the  expanding  lungs.  Sometimes  the  foramen  ovale  remaini  parviooa, 
giving  rise  to  seriout  symptoms  after  a  time,  and  constituting  morbus  ceruleua. 

Arteries. — With  the  formation  of  the  hranchial  arches  and  clefts,  the  number  of  aortic  archr* 
on  each  side  becomes  increased  to  5  (Fig.  571)1  which  run  alxjve  and  belov  each  branchial  cleft, 
in  a  branchial  arch,  and  then  all  reunite  behind  in  a  common  descending  trunk  (2,  aJ  )  {  fi,tfkit). 
These  blood  vessels  remain  oiiiy  in  nnimalx  that  tn-calhe  l>y  gilU.  In  man,  the  uji)>cr  two  afc)<ea 
disappear  completely  (3).  When  the  iruncus  arteriosus  divides  into  tlie  pulmunary  artery  and  the 
aorta  (4,  /*,  A),  the  lowest  arch  on  the  left  side,  with  its  origin,  formn  the  pulmunary  artery  (41, 
and  it  springs  from  the  right  side  of  the  heart.  Of  these  the  left  Inwcsl  arch  rurmi  Ihe  ductus 
arteriosus  ((^^],  and  from  the  commencement  of  the  l.-iiieT  pn^ecd  the  pulmonary  Inmnches  n( 
the  pulmonary  artery.  Of  the  remaining  arches  which  are  united  with  the  aorta,  the  left  middle 
one  (i>.,  the  fourth  left)  forms  the  permanent  aortic  arch  into  which  the  ductus  aneriosus  oftcns, 
while  the  right  one  (fourth)  forms  the  subclavian  artery:  Ihc  third  arch  forms  on  each  side  the 
origin  of  the  carotids  (Ci,  Ce).  The  arteries  of  the  first  and  second  circulations  have  been  referred 
to  already  (p.  S79J.     When  (he  umbilical  vesicle,  with  its  primary  circulation,  diminishes,  only 
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I.  First  appearance  of  ihc  vcliu  ef  the  cmltryo.     1 1,  Ttaelf  transtbTnutloos  10  fern  th«  thtal  snwt^BcnL 

rH^  omphalo-mesenteric  artery  is  present,  which  gives  a  branch  to  the  intestine.  At  a  later  period 
Ihe  omphalo-mesenteric  arteries  atrophy,  while  the  artery  to  the  intestine — the  Sttperi'>r  mesenteric 
— becomea  the  lar;gc»t  of  all,  it  being  originally  derived  from  oiw  of  the  ompha to- mesenteric 
arteries. 

Veins  of  the  Body, — The  veins  first  formed  in  the  body  of  the  embryo  it<«lf  are  the  t«4 
cardinal  veina  ;  on  each  side  an  anterior  (Fig.  57a,  I,  c  j},  and  a  |»sterior  {^t-i—ft-tikAr),  whi< 
proceed  toward  the  heart  and  unite  on  each  side  to  form  a  Urge  trunk,  the  duct  of  Cuvicr  (  DCl 
which  passes  into  the  venous  part  of  the  heart.  The  anterior  cardinal  veins  give  otT  the  subclavi 
veini  (M)  and  the  common  jugular  veins,  which  divide  into  the  externnl  {!/)  and  internal  (JOj 
jugular  veins.  In  addition,  there  is  a  fmnsi^ertf  itnaiA'mtniiij,'  {ironch  passing  obliiiucly  from  tl 
len  (where  it  divides)  to  the  right,  which  joins  their  trunk  lower  down.  In  the  final  arrangei 
(It),  this  anastomosis  (Ari  becomes  very  large  to  form  the  It/i  inntimtnaU  i-ein^  while  wuh  the 
growth  of  the  arms  Ihe  suhclovian  veins  increase  (W);  and  lastly,  the  calibre  of  Ihe  ju{;;uIa.T  vein 
changes,  the  internal  jugular  (If)  l>ecQming  very  lai^e,  and  the  extemat  jagular  (1/)  smaller.  In 
some  animals,  t.c.,  the  do|;  ana  rabbit,  the  large  embryonic  sixc  is  rrtaine<l.  The  part  of  the  left 
superior  cardinal  vein,  from  the  snastvmosis  downward  to  the  left  duct  of  Cuvier,  disappean. 
The  poitrrior  (arjinat  vfins  divide  in  the  pelvTs  into  the  hypogastric  {\,h)  and  evtemal  iliac  '//'- 
The  inferior  cava  at  first  is  very  small  (I,  W),  divides  at  the  entrance  of  the  i>elris,  and  oa  each 
side  goes  into  the  point  of  division  of  the  cardinal  veins.     Theic  is  also  a  tranavcnc  asc«ttdlliC 
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anastomosis  between  the  right  and  left  cardinal  veins.  For  the  final  amngemcDt,  the  cava  inferior 
(II,  Ci)  dilaies,  nnd  wtih  it  ihe  hypog-viric  and  exierral  iliac  vein  on  each  side.  The  right  car- 
dinal vein  remains  very  ^mall  (  I'rnit  iie^^u,  Af),  and  also  the  lower  pan  from  the  left  one  to  the 
transverse  anaston)o<)is.  The  latter  itself  also  remains  very  smalt  (/Wta  h^miatyg'^^t  Hz).  On  the 
other  hand,  the  m\)\kt  pari  above  the  anastomosis  to  the  duct  of  Cuvier  disappears,  lastly,  the 
common  Urge  venous  trunk  It  so  alisurbed  into  the  wall  of  Ihe  auricle  (V)  that  txith  renu:  cavae 
have  each  a  separate  orifice  tp.  892).     The  embryonic  candilion  of  ihe  veins  persists  In  ri>hes. 

Veins  of  the  First  and  Second  Circulation,  and  Formation  of  the  Portal  Syatem. — The 
two  omphalo-me&entcric  vems  \nm,  ont^ )  open  into  the  jxtnteriur  or  venous  end  of  the  tubular  heart 
{Fig.  573,  I,  H).  The  right  vein,  however,  disappears  very  soon.  As  soon  as  the  allantois  is 
formed,  the  two  umbilical  veins  jnin  the  iruncus  vcnosus  (I,  1/  «, ).  At  fir-.t,  the  om[ihalo-mesen- 
teric  veins  are  larger  than  the  umbilical  veins;  at  a  later  {lenod  this  ix  reversed,  and  the  right 
umbilical  vein  diiiiappears.  As  soon  as  veins  arc  fonned  within  the  body  proper  uf  the  embryo,  the 
inferior  cava  aUo  opens  into  the  truncus  venosus  (3  Ci).  Gradually,  the  umbUical  vein  (2,  u^) 
becomes  the  chief  trunk,  while  the  small  umpliala-mesenteric  {2,  cm,)  carries  little  blood. 

Portal  System. — The  umbilical  and  omphalo- mesenteric  veins  pass  in  part  directly  under  the 
liver  to  reach  the  heart.  They  send  branches— carrying  arterial  hli>od — to  the  liver,  and  the  latter 
grows  round  these  vessels.  These  branches  are  the  venae  advehentes  (2  and  3,  «i).  The  blood 
circulating  through  the  liver  from  the  ven*  (ulvehentcs  is  returned  hy  other  veins,  the  venae  reve- 
hentes  {2  and  3,  r)^  which  reunite  at  the  blunt  margin  of  the  liver  with  the  chief  trunk  of  the 
umbilical  vein.  The  umbilical  vein  (3,  v,]  and  the  omplialu- mesenteric  vein  (3,  om^)  aooAomo^e 
in  the  liver.     \\'hen  the  intestine  develops  (3,  U),  the  mesenteric  vein  («)  opens  into  ihc  omplulo< 
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Development  of  the  velm  and  portal  •yslctn.  H.  heart; 
nescnieric  v«in:  tn-^,  t«ft,  h,  right  umSiUcal  vfita; 
venae  revehcnics:  D,  intestine  ;  m,  mesenteric  vein; 


R  L,  right  Rtid  left  sitJe  of  Ihc  body  ;  «nt,  riicht  omphalo- 
Ni.IcA;  C/,  vena  cava  iaferlor  ;  «,  verue  ulveheotes  ;  r, 
4,  /,  splenic  vela:   a,  t,  Uvcr. 


mesenteric  vein,  and  the  splenic  vein  aa  well  (4,  I),  when  the  spleen  is  formed.  When  the 
ompholo-mcsenteric  vein  (4,  y«,)  at  a  later  period  disappears,  the  vein  from  the  intestine  now 
becomes  the  common  trunk  of  the  previously  united  vessels.  It  unites  in  the  liver  with  the  umbili- 
cal vein  to  form  the  trunk  of  the  vena  porta.  When,  after  birth,  ihc  umbilical  vein  disappears 
(4,  »,),  the  mesenteric  alone  remains  as  the  portal  vein.  As  the  ductus  venosus  is  obliterated, 
the  portal  vein  must  send  its  blood  through  the  liver,  and  thus  the  ]>onal  circulation  is  completed. 

449.  FORMATION  OF  THE  INTESTINAL  CANAL.— The  primitive  intestine,  or 

^tf  consists  of  a  straight  tube  proceeding  from  the  head  to  the  tail.  The  viielline  duct  is  inserted 
at  that  point,  which  at  a  later  period  corresponds  lo  the  lower  part  of  the  ileum.  Al  the  4th  week 
the  tul>c  makes  a  slight  bend  toward  the  umbilicus  (Fig.  574,  I).  As  already  mentioned,  the 
vitelline  duct  is  obliterated,  remaining  only  for  a  time  as  a  thread  attached  to  ihc  intestine,  being 
still  visible  at  the  3d  month,  .Sometimes  it  remains  as  a  shon  blind  tube  communicating  with  the 
intestine.  Thus  is  the  so-called  "  truf  intfstinal  divfriieulum  .•"  occasionally  a  cord — the  obliier- 
ated  omphalo  mesenteric  vessels— passes  from  it  to  the  umbilicus.  In  very  rare  cases  the  duct  may 
remain  open  as  far  as  the  umbilicus,  forming  a  congenita!  fistnla  of  the  ileum,  or  It  may  give  rise  to 
cystic  formations  (4I/.  Roih\.  lu  a  human  foetus  at  ihe  4th  week,  His  distinguished  the  cavity  of 
tht:  mouth,  pharynx,  a.-sophagus,  stomach,  duodenum,  mesenterial  intestine,  and  the  bind-gut,  with 
the  cloaca.  The  intestine  then  forms  the  first  coif  ( Fig.  574,  II )  by  rotating  on  itself  at  Ilie  intes- 
tinal umbilicus,  so  that  (he  lower  part  of  the  intestine  tying  next  the  knee  like  bend  comes  to  he 
above,  while  the  upper  part  lies  below.  From  the  lower  part  of  this  loop  the  coils  of  the  small 
intestine  (III,  /),  which  gradually  grow?  longer.     From  the  upper  limb  of  the  loop,  which  also 
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elongates,  (he  large  intestine  is  romned;  llrst  the  dcMCnding  colon,  then  hy  elongalioD  ihe  trui»- 
ver^  colon,  and  lastly  the  ascending  colon. 

Glflods. — By  diverticula,  or  protruKions  from  the  intestine,  thevarioas  glandi  are  ibnned.  Tht 
cells  of  the  hypoblast  proliferate  and  take  part  in  the  process  as  they  form  the  secretory  cells  of  the 


Fig.  574. 
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Fig.  575. 


Fig.  574.— Development  of  the  intesiine.  v,  stonuch  :  a.  iiucrtioci  of  the  vitelline  duct :  t,  aiiuD  lataitew:  c,  aian  : 
r.  rectum.  Fic  $7$, — Forautinn  of  the  liinn.  A.Llivenicubof  the  UingK  m  double Uidu— 4,  moofatMtlc tsyctu 
/,  hjrpobbstlc  hver ;  m,  stonutch  ;  /,  cciopoAi(u<.  B,  Furtbei  branchlns  of  the  lungi — t,  litcku ;  $,  §,  \niit^; 
/,  projecting  VMiclea. 

glands,  while  the  mesohlastic  part  of  the  splanchnopleure  forms  the  membranes  of  the  glands,  giv- 
ing Ihem  ihcir  fonn.     The  divenicnla  are  as  follows  ; — 

I.  The  salivary  glands,  which  ^row  out  from  the  oral  cavity  at  frrst  as  simple  solid  bads,  bia 
afiei^ard  become  hollow  and  branclied.  [The  salivary  glands  are  developed  from  the  epiblast  lin- 
ing the  mouth  (stomodcrum].] 

a.  The  lungs,  which  arise  as  two  separate  hollow  buds  (Fig.  575,  A.  I),  and  ultimaieljr  have 
only  one  common  duct,  are  protru^ons  from  the  ceaophagus.  The  uj^xr  part  of  the  anited  tracheal 
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Formation  of  the  otnenium.  I  und  II.— V>  BUtro-hcpatfc  liKanent ;  m,  ffm(,  m.  1e«*cr  currsture  of  the  ■ 
/,  pMterlor,  and  (  anterior  fold  or  plate  o<' the  onientun;  m^-,  mesocolon :  f,  colon.  111.— LaDver;  I, 
tcMine ;  &,  nneotery ,  /.  pattcnai ;  4/,  duodenum  ;  r,  ivcium :  N,  (Rat  omentum. 


lube  forms  the  larynx.  The  epiglottis  and  the  thyroid  cartilage  originate  from  the  part  which  fcnM 
the  tongue  {Gan^hojHer).  The  two  hollow  sptheres  grow  and  ramify  like  branched  tububt  gtaadi 
with  hollow  processes  (**»/)•  *"  '^'  ''"*  P«riod  oldcvclopment  there  ts  no  csscDlial  diifcRncc 
between  the  epithelium  ol  the  bronchi  and  tnat  of  the  primitive  air  vesjclcs  {^Stiria),     Tbc  wgitm 
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and  suprarenal  capsules,  however,  are  not  developed  in  this  way.    The  former  arises  in  a  fold  of 
the  mfiogastriutn  (//is)  at  the  second  month;  the  Jalter  are  originally  Itu^tr  than  the  kidneys. 

3.  The  pancreas  arises  in  the  same  way  a&  the  salivary  glands,  but  is  out  visible  at  the  fourth 
week  {//tf}' 

4.  The  liver  begins  very  early,  and  appears  as  a  diverticulum,  with  two  hollow /n'MffVrfv  hepatit 
ductSy  which  branch  and  form  bile  ducts.  At  iheir  periphery  they  penetroie  between  the  solid 
massifs  of  cells — the  liver  cells — which  are  derived  from  the  hypoblast.  At  the  second  month  the 
liver  IF  a  lar^e  organ,  and  i^cretes  at  the  third  month  (^  182). 

5.  In  birxU  two  small  blind  socks  are  formed  from  the  hind-gut. 

6.  The  frttal  respiratory  organ,  the  allantois,  is  treated  of  specially  {\  444). 

Pentoneum  and  Mesentery. — The  inner  surface  of  the  €oelnm,  or  body  cavity,  the  surfocc  of 
the  intcsiiuc,  and  its  mesentery  are  covered  by  a  serous  coat — ihc/iri/ow/wm.  At  first  the  simple 
intestine  is  contained  in  a  fold,  or  dupUcalure  of  the  per  toneum ;  on  the  stomach,  which  is  merely 
at  hist  a  spindle-shaped  dilatation  of  the  tube  placed  vertically,  it  is  cane<l  mesogostrium.  After- 
ward,  the  stomach  turns  on  its  side,  so  that  the  left  surface  is  directed  forward  and  the  right  back- 
ward. Thus,  (he  insertion  of  the  mesogastnum,  which  originally  was  directed  backu-ard  (to  the 
vertebra]  column),  is  directed  to  the  left ;  the  line  of  insertion  forming  the  region  of  the  great  cur- 
vature, which  becomes  still  more  cur\'ed.  From  the  great  curvature  the  mesogastrium  becomes 
clungated  like  a  pouch  ( Kig.  576,  I  and  II,  j,  i),  constituting  the  omental  sack,  which  extends  so  far 
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Development  of  the  internal  cencnttlvc  orgaoi.  (,  UndlfTcrcnttul  cundSttan — D,  TC[)Ttiiliicil\'e  gUnd,  l>-inj{  on  ih« 
{ijt>ulB  ot  the  WLilffian  boJy  .  W,  Wolffian  duct;  Jtl,  Mun«rl»ii  duct :  S,  uro-genital  «iniu.  11,  T^aa^^Jrmdtion<l 
In  the  female— F.  fimbria,  wiili  rhe  hydatiJ,  A',  T,  Faltupian  tube;  U,  utcni»  ;  S.  uru-g^'^'^'  *lnw»  ;  O.nvary  ; 
P,  parot-ariucn.  lit,  Tramformalions  in  the  male — II,  tc4ii>  ,  K,  epididymii,  with  the  hydaltd,  A  ;  «,  vmi  abcr- 
ntnk  ;  V,  v>u  dcfercLis  ;  S,  uro-^cuital  iidiu  ;  m,  mnlc  uicrtu  ;  ^,  1/,  himl-gut .  <i,aUanuuft;  m,  unclius  ;  K, 
cloaca;  5,  M,  rectum;  at,  perineuoi ;  ^,  positloa  of  Iha  blAddar ;  S,  tiro-jjeaJtalainus. 


downward  as  to  pass  over  the  transverse  colon  and  the  loops  of  the  small  intestine  (III.  K).  As 
the  mesogastrium  uriginaHy  consists  of  two  plates,  of  course  the  omentum  must  cortiist  of  four 
plates.  At  the  fuutth  month  the  posterior  surface  of  the  omental  sack  unites  witli  the  surface  of  the 
transverse  colon  (_7*?A.  J/tf/frr). 

450.    DEVELOPMENT   OP   THE  URINARY  AND  GENERATIVE  GROANS. 

— Urinary  Apparatus. — The  first  indication  of  this  apparatus  occurs  in  ihc  chick  at  tht;  second 
day.  and  in  the  rabbit  at  the  r^Jnth,  as  the  ducts  of  the  primitive  kidneys  or  Wolffian  ducts  (Fig. 
537»  '«  W),  which  arc  formed  from  some  cells  mapjicd  off  from  the  lateral  plate  aljove  and  to  the 
side  of  the  protovertebiar,  and  extending  from  the  fifth  io  the  last  vertebra.  The  ducts  are  solid  at 
first,  but  soon  become  hollow,  and  from  their  cavities  there  extend  laterally  a  series  of  small  tulies, 
which  in  the  chick  communicate  freely  with  the  peritoneal  cavity  (^Afl/Ztiter].  Into  one  end  of  each 
of  these  tubes  grows  a  tuft  of  blood  vessels  forming  a  structure  resembling  the  glomeruli  of  the 
kidn^.  The  iul>es  elongate,  form  convolutions,  and  increase  in  numlier.  The  upper  end  of  the 
Wotfhan  duct  is  closed  at  first,  its  lower  end,  which  lies  tn  a  projecting  fold— the  plica  urogcnitalis 
ot  Waldeyer^iii  the  peritoneal  cavity,  opens  into  the  urogenital  sinus.  Close  above  the  orifice  of 
the  Wolffian  tluct  appears  the  ureter  as  the  duct  of  the  kidney.  The  duct  elongates,  and  branches 
at  its  upper  end.  Each  canal  at  its  end  is  like  a  stalked  caoutchouc  sack  (  Tij/i/n,  and  into  it  there 
grows  the  already  formed  glomerutes.  The  dua  of  the  kidney  opens  independently  into  the  uro- 
genital sinus,  and  forms  the  ureter.    The  part  where  the  branching  of  the  duct  stops  forms  the 
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pelvis  of  the  kidney,  and  the  branches  themielves  ihe  renal  labulea.  T»ldt  foond  Malpigbi 
pusclcs  in  the  haman  kidney  at  (he  second  month,  and  Henle's  Ifwps  at  the  Tounh.  'Ihe  first ap^ 
pcaiancc  of  the  urinary  bladder  is  al  the  fourth  week  \J/ii),  and  is  iuutc  distinct  al  the  second 
mnnih,  as  tSe  dilninl  liisi  pnii  of  (he  allantnis  (Fig.  577,  4,  a).  The  upper  part  of  the  nikuMoia 
remains  as  ihe  obliterated  urachus,  in  the  middle  vcMcal  ligament. 

Internal  Reproductive  Organs. — In  fmiit  of  and  inicmal  in  the  WnlfHan  bodies,  (here  ariw 
in  the  tnesoblast  the  etongaicd  reprodaclive  gland  or  mass  of  germ  epithelium  iKig.  577. 1,  D). 
which  in  both  sexes  is  originally  alike.  In  addition,  there  is  formcil  a  canat  or  duct  parallel  lo  the 
Wolffian  duct  (W),  which  aliin  opens  into  the  uro-gcnilal  hhuk  ;  this  \%  MUller'a  duel  (  M  ;,  Hie 
elevation  of  the  future  reproductive  gland  is  covered  onginatly  by  germ  epithelium  ( It'aiJf^r) 
The  upper  end  of  the  Mtlllerian  duct  opens  free  into  the  abdominal  cavity,  while  the  lower  cndk  iif 
both  ducts  unite  for  a  diijancc.  Some  of  the  gcirainal  cellx  covering  ihe  !tuiface  of  tbtr  luture 
ovary  enlarge  to  fnnn  ova,  and  sink  into  the  stroma  to  form  ova  embedded  in  their  t graafian  follickt 
{I  433)-  In  the  female,  the  MUllerian  ducts  form  the  Fallopian  tube  f  II,  T). and  the  lower  united 
ends  the  uterus. 

In  the  male  the  germ  epithetum  is  not  so  tall.  According  to  Waldeyer,  there  are  two  kirvds  of 
lubes  in  ilie  Wolffian  bodies  and  some  of  these  penetrate  the  position  of  the  reprodaciix  glaiML 
These  tubes,  which  arc  connectctl  with  the  \VolHian  duds,  become  the  seminiferous  lulnile*  t> 
tVit/ith)t  and  the  Wolffian  tluct  itself  iKrcnmes  the  vas  deferens,  with  the  vesiculx  »eminale«. 
According  lo  some  other  observers,  however,  tubes  which  become  the  seminiferous  tubules,  arc  de- 
veloped within  the  reproductive  gland  itself,  and  these  tubes  lined  with  their  germ  cpilheliuni  alli- 
mately  form  a  conncclion  with  the  Wolftian  ducts. 

The  Mtlllerian  ducta,  which  are  really  (he  ducts  of  the  reproduaivc  g^ds,  disappear  in  nun, 
all  excciit  the  lowest  part,  which  becomes  the  male  uterus  or  vcsiculaprostatica  (III.h)— the  bomf>- 
logue  of  tlic  uterus.  The  upper  tubules  of  the  Wolf^an  body  untie  at  the  3d  month  with  |b« 
reproductive  gland  (which  has  now  become  the  body  of  the  testis),  and  Iwcome  the  coni  vascitloai 
of  the  epididymis,  which  are  lined  by  ciliated  epithelium  (K);  the  remainder  of  the  WolfHan  body 
dtsapiiears.  S^imc  detached  tubules  form  Ihe  vasa  alicmiiniia  (n)  of  the  testicle  {A'»helt).  Tbe 
hydatid  of  Morgagni  [M],  al  the  head  of  the  epididymis,  according  to  I.uschka  and  others,  is  a  pax 
of  the  epiflidymis — Flei&chl  regards  it  as  the  rudiment  of  the  male  nvary.  The  orgnn  of  (itraldf!* 
is  part  uf  the  WolfHan  body.  The  Wnlfttan  duct  it»clf  becomes  the  vas  deferens  { \'\  from  wbKb 
the  vciicuhe  seminales  are  developed.  The  two  Wolffian  aud  two  MUllerian  duct*,  as  they  enter 
the  ]:elvL<i,  unite  to  form  a  common  corri — the  genital  cord. 

In  the  female  the  tubes  of  the  Wolffian  bodies  disiq^pear,  all  except  a  few  tubules  lined  with 
ciliated  epithelium,  constituting  the  parovarium,  or  organ  of  Ro&emllllcr  (Fig.  5551  and  a  pan 
analogous  to  the  organ  of  (iiraldrf'S  in  the  broad  ligament  of  the  uterus  { H'aldfyrr^)  (Pig.  577,  P). 
The  same  is  the  case  with  the  Wolffian  ducts.  In  some  animals  (ruminants,  pig,  cat.  and  fok)tb<y 
remain  permanently  as  the  ducts  of  Oaertner. 

The  MQllerian  duct  is  frayed  out  al  it.«  upper  end  to  form  the  fimbrise  of  the  Fallopian  tube.  kcA 
it  is  often  provided  with  a  hydatid  (h'').  That  pan  of  the  uro-genital  sinus  into  which  the  four 
ducts  open  grows  above  into  a  hollow  sphere,  which  forms  the  vj^ina  |A'«/M^r).  According  10 
Thiersch  and  I^uckart,  however,  the  two  MQllerian  ducts  unite  at  their  hmer  ends  lo  form  the 
united  uterus  (U)  and  vagina,  vhilc  their  free  upper  ends  fonn  the  Fallopian  tubes  iT).  I'he 
Milllerion  ducts  ot  first  open  into  the  posterior  pari  of  the  urinary  bladder  below  the  ureters  urv»- 
genilal  sinus,  S),  while  ultimately  \\\\s  part  of  the  bladder  Iwcomes  so  elongated  posteriorly  ih,^  < 
vagina  (the  united  MUllerian  ducts)  and  the  urethra  are  united  below  and  deeply  within  the  v  ■■ 
bule  of  Ihe  vagina.  At  the  3d  to  the  ^Ih  month,  the  uterus  and  vagina  arc  nut  separate  from  cxcii 
other,  but  at  the  5th  to  6lh  month  the  uterus  is  delincd  from  the  vagina. 

The  testicles  lie  urigin-illy  in  the  lumljar  region  of  the  abdominal  cavity  ( Fig.  57S,  V  l\, 
are  carried  by  n  futd  of  the  peritoneum — the  mcsorchium  (w).  From  the  hilum  of  the  betticle 
cord,  the  gubcrnaculum  testis,  runs  through  the  inguinal  canal  inio  the  base  of  the 
At  the  some  time  a  seixum-like  process  is  developed  independently  fn^in  (he  pcritotteum  co 
the  base  of  ihe  scrotum  (/.  r).  The  testicle  passes  through  (he  ingutaaJ  caiul  into  the  •cntiiuB, 
but  Ihe  mechanism  and  cause  of  the  descent  are  not  accurately  ascenuited,— [ZV»-na^  0/ 
ttttii,  \  44^-] 

The  ovaries  also  descend  somewhat.  The  round  ligament  of  the  nteniv  corrcv|>onds  lo  the 
gubernaculum  testis,  A  process  of  the  peritoneum  passes  in  the  female  into  tltc  inguinal  cauaJ  as 
Nuck's  canal.     It  is  rare  to  Hnd  the  ovaries  dcscencfing  into  the  lahui  niajora. 

[The  origin  of  tlie  urinary  and  generative  organs  is  undoufncdly  associated  with  the  deceit 
of  the  Wulflian  bodies.  The  researches  of  Semper  and  Balfour  on  elasuiobranch  t'l&hes  shu« 
the  process  is  a  very  complex  one.  There  is  a  mass  of  cells  on  each  side  of  the  vet1cbr»l  colsma, 
which  is  divided  into  three  ports,  the  first  calleil  the  pronephros,  or  head  kidney  of  BaKwvr  ackd 
Sedgwick,  the  middle  one,  the  mesonephros  or  Wolffian  body,  ai>d  the  poiaerior  one  or  iiKla- 
nephrott,  which  is  formed  after  the  other  two,  gives  origin  to  the  pemiancni  kidney  111  the  maniDte. 
Tlie  MUllerian  duct  is  connected  with  the  pronephros,  ihe  Wolffian  dud  with  (he  mesonephros, i 
(be  ureter  to  the  metanephrus.] 

[The  following  table,  modified  from  f^uain,  shows  (he  destiny  of  these  siniciures:— 
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Ftmale. 
Fallnpian  lubes. 

Ilydaiid. 

Uteniit  and  vajritia. 


MULLERIAN  Ducts  (Ducts  of  tlie  Pronephros). 

Male. 
Hydatid  of  Morgagni 
Male  uterus. 


WoLVKiAN  Bodies  (Mesonephros^. 

Vasa  cffcrcDtia,  Com  vascaloaj. 
Organ  of  Uiraldds,  Vasa  aberrantia. 
Gubemacnlum  testis. 
Wolffian  Ducts. 

Convoluted  tube  of  epididymis. 

Vas  deferens  and  vesicuUc  serr.inales. 

MrTANEPHROS. 

Ureter.] 

The  external  penitala  are  at  first  not  distinguishable  in  the  two  sexes  (Fi;;.  578,  I).  At  the  4th 
week  there  is  merely  a  hole  at  the  posterior  extremity  of  the  irMnk,  representing  both  the  anus  and 
the  o(>ening  of  the  urachus.  and  forming  a  cloaca  (Fig.  577,  4,  K).  In  front  of  this  an  elevation — 
the  genital  eminence — appears  about  the  6th  week,  and  on  each  side  of  the  orifice  a  large  cutane- 
ous elevation  (II,  m\.  At  the  end  of  the  ad  month  there  is  a  groove  on  the  under  surface  of  the 
genital  emlDcnce,  leading  back  lo  the  cloaca,  and  with  distinct  walls  bounding  it  (11,  r).     At  the 


Parovarium. 

I'arcsophoron, 

Round  ligament  of  the  ntenu. 

Chief  lube  of  parovarium. 
Ducts  of  Gaertner. 

Kidney. 


7, 


Fio.  578. 

m.         IK 
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Development  oTthc  exienul  sctiIiaU.    /and  //, — G«rUtAl  emtntncc  ; 

valloni.     /i'— /',    Peai*  .   A',  raphe   pcnb  :  S,  ^croiunt.     /// — <,  cjkors;  t,  i^oia  Diinara  ;   j,,   uikb  titnjorm: 
sout.     y  ami  fV— t>csc«nt  ol  the  IctEick ;  /,  icMis  ;  m,  mcaorchium  ;  /  v,  prccemsui  vaginitlH  of  the  periled 
M,  ahdomioiA  wall;  5.  scrotum. 


r.  fenlcal  ffroovc ;  /,  coccyx ;  it>.  cutaneous  ele- 

cDiorls;  /,  Ubu  minora:  /.,  Uili< 


middle  of  the  y\  month  the  cloacal  opening  is  divided  by  the  growth  of  the  perineum,  between  the 
urachus  [now  Iwicome  the  urinary  bladder)  (Fig.  578.  5,  i*)  and  the  rectum  (M). 

In  the  male  the  genital  eminence  enlarges,  its  groove  deepens  from  the  opening  of  the  bladder 
onward  10  the  a^xx  of  the  elevation  at  the  icrtb  week.  The  two  edges  unite  to  cncIcMe  the  groove 
which  becomes  the  urethra.  When  this  does  not  take  place,  hypospadiaa  occurs.  At  the  4th 
month  the  glans,  and  at  the  6th  the  prepuce,  are  forrned.  The  large  cutaneous  folds  meet  in  the 
middle  line  or  raphe  to  form  the  scrotum. 

In  the  female  the  undifTereniiated  condition  remains  to  a  certain  extent  permanent.  The  small 
genital  eminence  remains  as  the  t-tttoti.i^  the  margins  of  its  furrow  become  the  nymphir,  tlie  cutane- 
ou<i  elevations  remain  separate  to  furm  the  labia  majorti.  The  uro  genital  sinus  remains  short  as  the 
vestibule  of  the  vagina,  while  in  man,  by  the  closing  of  the  genital  groove,  it  has  a  long  additional 
tube,  the  urethra.  [The  following  illu.straiions,  after  Schroeder,  show  the  changes  of  the  external 
organs  of  generation  in  the  femilc.  In  the  early  piriod  (6th  week)  the  hind-gut  (Fig.  579,  R,)  al- 
lantuis  [All ).  and  the  Mtillerian  ducts  ( .M  I  communicate,  but  not  with  the  exterior.  About  the  loth 
week  a  depression  or  inllcction  of  tlie  skin  takes  place,  genital  cleft,  until  it  meets  the  hind-gut  and 
allantois,  whereby  the  cloaca  (^Fig.  580,  CI)  is  formed.  The  cloaca  is  then  divided  into  on  anterior 
part,  the  uro  genital  sinuB,  into  which  the  MUllerian  nuct^  open,  and  a  poBterior  |iart  the  anus. 
There  is  a  downward  growth  of  the  tissue  between  the  hind-gut  and  the  allantois  lo  form  the  peri- 
neura  (Fig.  5S1).  The  urogenital  sinus  then  contracts  at  its  upper  part  to  form  the  short  urethra, 
its  lower  part  remaining  as  the  vestibule  (Fig.  582,  Af),  while  the  vagina  has  been  formed  by  the 
union  of  the  lower  parts  of  the  two  MUllcrian  ducts.  The  bladder  (B)  is  the  expanded  lower  end 
of  the  stalk  of  the  allantois.] 

The  causes  of  the  difference  of  sex  are  by  no  means  well  known.  From  a  statUtfcal  analysis 
of  80,000  cases,  the  intlueiicc  of  the  age  of  the  parents  has  been  shown  by  Hofacker  and  Sadler. 
If  the  husband  is  younger  than  the  wife,  there  are  as  many  boys  as  girls;  if  both  are  of  the  same 
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age,  there  are  1029  Imys  to  1000  girls;  iT  the  husband  is  older,  1057  boys  to  1000  girU.  In 
(jx>d  hasn  moM  imporLint  influence.  CflU^er's  investigations  on  frogs  show  thai  all  extental  cooiff^ 
lionh  daring  development  are  wiihoDl  eff^ect  on  the  deicrmination  of  the  sex,  so  thai  the  latter  woftld 
seem  (o  be  determined  before  impregnation. 

451.  FORMATION  OF  THE  CENTRAL  NERVOUS  SYSTEM.— Fore  brain,— Ai 
ench  side  of  the  fore  bmin,  or  nnterior  cerebral  vc»icle.  which  is  covered  exicrnaMy  iry  cpil-las*  ami 
intrmallv  by  the  cpendyma,  there  grows  nut  a  larjre  stalked  hollow  vesicle,  the  ruitimenl  n(  llie  err*' 
bral  hemispheres,  llie  relatively  wide  opening  in  the  stalk,  or  comniuni cation,  ultimately  it- 
comes  very  small,  and  is  the  foramen  of  Monro.  The  middle  pari  between  the  two  cerebral  vrai- 
des  remains  >mall.  and  is  the  'tween  or  inter-brain  with  the  3d  vcniricle  in  ilk  inirrior.  ]t  elon- 
gates at  the  second  munih  toward  the  base  of  the  brain  as  a  funnel  shaped  projection,  10  fonn  the 
tuber  cinereum  with  the  infundibulum.  I'he  thalami  optici,  projecting  and  enlarging  from  ihesidc« 
of  the  3d  vcniricle,  narrow  the  foramen  of  Monro  ta  a  semilunar  &lit.  At  the  hase  of  the  lirain  are 
formed,  in  the  3<l  month,  the  uir|>om  nibicantia,  at  ihe  3d  the  chiasma ;  while  within  the  3d  venin- 

cle,  the  commissures  are  formed.  The  hypophysis,  belonging  to  the  mid  brain,  ii  a  div.-'*i-  ■' ■•* 

the  nasal  niucoos  membrane,  extending  through  the  \tasc  of  the  skull  toward  tlic  hollow  in 
which  growsto  meet  it.     The  choroid  pIcKUs,  which  grows  into  the  ventricles  o(  the  ;■■_« 

through  the  foramen  of  Monro,  is  a  vascular  development  of  the  lependyma.  At  the  4lh  monih,  ihe 
conariuiD  (pineal  gland)  is  formed,  and  at  this  time  the  corpora  <iuadrigemiaa  cover  the  hccoi- 
aphercs.  The  corpora  striata  begin  to  be  developed  in  the  cerebral  (lateral)  ventricle  at  the  ad 
month,  while  the  comu  .imnionis  is  formed  at  the  4th  month.  At  the  3d  month  the  Sylvian  fuanrc 
is  formed,  and  the  ba-iis  of  the  island  of  Reil.  The  jwrmancnt  cerebral  convolutions  arc  fonncil 
from  the  7th  month  onward. 


Fio.  579. 


Fig.  580. 


Fia  581. 


Fio.  582. 


^^^  V 


-bbdder);  M.  diKt oTNiiller  fv»cJ«u> .  A 


Fig.  $79  — R.  recttim  coniiniiotu  with  ihc  alUntok  (A//- 

twlow  ijenlul  «iT)incncc.  Kmninc  inw«rd  to  latm  the  vulva.      Fir.    5(0. — I'hc  <lcr>rcMlon 
with  the  recliitniiid  AtUnmi*,  i«i  furm  itie  ck»ai  (C  L).     Fig.  sBi.— llic  tliwca  ■*  bccominj 
gcnitxl  »inu*  ^Su|  and  aiit»  tiy  ihc  downward  Rmwih  of  iSe  perineal  Bcpium,     i  he  duct»  of 
to  form  the  vagloa  {Vj,     Fii..  583.— I'crincurn  cuniiileiely  formed. 


4epmue«  ttAtk 

divided  taavBiD' 
MttltCTaK  tmtmi 


The  mid  brain,  or  middle  cerebral  vesicle,  is  gradually  covered  over  by  the  tackmrd  (Rvwib  of 
the  hemispheres;  its  cavity  forms  the  aqueiiuil  of  Sylvtus.  Depre.'isions  appear  on  the  sarface  oC 
the  vesicle  to  divide  it  into  four,  the  tttrpora  ^uodri^tmina,  the  longitudinal  depresaioa  bcst^ 
forme<)  at  the  3d,  and  the  transverse  one  at  the  Jlh  month.  The  ctrtbral  feduncU  is  formed  by  a 
thickening  in  the  base  of  this  vesicle. 

In  the  hind-brain  arc  formed  the  cerebellar  hemispheres,  which  grow  backward  to  meet  In  ifae 
middle  line.  The  vermes  is  formed  at  the  7th  month.  The  cerebellum  coven  in  the  part  of  tbc 
medullary  tube  lying  below  it,  and  which  is  not  closed,  as  far  as  the  calamos.  The  pom  ariaes  in 
the  floor  of  the  hind-brain  at  the  3d  month. 

The  spindle-.shaped  narrow  after  brain  forms  the  medulU  oblongau,  with  the  openioc  of  ibt 
medullary  tube  in  its  upper  part. 

[The  following  table,  from  Quain,  shows  the  destiny  of  each  cerebral  vesicle: 


I.  Anterior    Primary 

Vesicle    .    .    . 


'  Cerebral  hemispheres,  corpora  Artala, 
corpus  callosnm,  fomia  latetal  •«■• 
J  ^'""'  *"""'■■'  tricles,  olfactory  bulb. 

Thalami  optid.  pineal  gland,  pllaittfy 
body,  crura  cerebri,  aqaedvcf  « 
Sylvius,  optic  nerve- 
Corpora  cjuadngemina,  crura  eercbrt, 
aqueduct  of  Sytvins,  optic  DCrrff 
(secondarily), 

EpemephaUm f  Cerebellum,  pons,  antcfiur  part  of  llbe 

(hind-brain.)  \    fourth  ventricle. 

Meiemrf^hahn .  .   ,    .    .    1  Medulla  oblongala*  fourth  vcMndc, 
(after  brain.)  '(    auditory  nerve. 

[Spmal  Cord.— The  spinal  cord  is  developed  from  the  medullary  tube  behind  the  mtdulla 
ohlongaia.  first  the  jp-ay  matter  around  the  canal,  while  the  while  matier'is  added  afterward  oataide 
this.     The  gangUomc  celU  increase  by  divisiun  in  ainphtbiaos  {Lominiky\,     At  tint  the  spinal  aicd 
'^       "xyx.    The  tirat  muscles  are  formed  in  the  back  at  the  2d  month  ;  at  the  4th  nool^ 


n. 


ui. 


Middle       Primary 
Vesicle    .    .    . 


Posterior  Primary 
Vesicle    .   .   . 


Pr^enctphatfn  ... 
(fore -brain.) 

THaUmtncephaloH 
(inter  or  'tween  biaio.) 

Mesencephahn  . ,    ,    . 

(mid-brain.) 
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they  are  red.  The  spinal  ganglia  are  formed  frona  a  special  strip  of  cells,  and  they  are  seen  at 
the  4th  week,  and  &o  are  the  anterior  spinal  roots  aad  some  of  the  tninlcs  of  the  spinal  nerves, 
while  the  posterior  roots  are  still  absent.  The  peripheral  nerves  grow  out  from  the  ganglia  of  the 
spinal  cord  (first  the  motor  and  afterward  the  sensory  nerves),  and  penetrate  into  the  other  parts  of 
the  body  (//is).     At  first  they  arc  devoid  of  myelin. 

452.  DEVELOPMENT  OF  THE  SENSE  ORGANS.— Eye.— The  primary  optic 
veatcle  grow^  ojt  from  the  fore-brain  toward  the  outer  covering  of  the  head  or  epiblaM,  and  soon 
becomes  folded  in  on  itself  f4lh  week),  so  that  the  stalked  optic  vesicle  is  shaped  like  an  egg-cup 
( f^'B-  5^3>  1  )■  '^^^  cavity  in  the  anterior  of  this  cup  is  called  the  secondary  optic  vesicle.  The 
inflected  part  becomes  the  retina  (IV,  r),  while  the  posterior  part  becomes  the  choroidal  cpilhetiutn 
(IV, /),  The  stalk  becomes  the  optic  nerve.  At  the  under  surface  of  the  depression  there  is  a 
sht — the  choroidal  fissure— which  permits  some  of  the  mesoblui  to  gun  access  to  the  interior  of 
the  eye.  Tliis  slit  forms  the  coloboma  (11);  it  is  prolonged  backward  on  the  stalk,  and  contains 
the  central  artery  of  the  retina.  The  margins  of  the  coloboma  afterward  unite  completely  with 
each  other,  but  in  some  rare  conditions  this  docs  not  take  place,  in  which  case  we  have  to  deal 
with  a  coloboma  of  the  choroid  or  retina,  as  the  case  may  be.  In  the  bird,  the  embryonic  colo- 
boma slit  does  not  close  up.  but  a  va-vcular  process  of  the  mesobUst  dips  into  it,  and  passes  into  the 
eye  to  form  the  pecten  ^p.  813)  {i.itherkUhn)-  The  same  is  the  case  in  fishes  where  there  is  a 
large  vascular  process  of  the  meso-  and  epiblasl  foroiing  \.\%k  processus  /aici/ormis  (p.  813). 
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Development  tif  the  ev< 
m,  mesubUst.     if. 


I— iitAex»ti  of  the  uick  of  ihe  lens  (L)  Into  ihc  priotftry  Optic  vehicle  (P)— r,  epldeiinia  : 
The  inflexion  leen  from  belww— k,  optic  nerve;  t,  the  outer.  (,  the  inner  layer  of  the 
inflei-led  vehicle  :  L,  leiu.  11  l.-~Iu>n|ritiirfinal  section  of  1 1.  IV  — Further  t!crelo|»BeQt — ^,  coroeal  epithelium  ; 
(,  cornea  ;  m,  inembraiu  capftiito-pitptllaTii  L,  lens  :  n,  central  artery  of  the  rciina  ;  t.  ftderotk  ;  cA,  choroid ; 
/,  pignieitt  layer  uf  the  retina;    r,  retina.     V.— Peni«lenl  remaiut  uf  the  pupillary  membtaoe^ 


The  depTCimon  or  inflectbn  of  the  optic  vesicle  is  dae  lo  the  down  growth  into  it  of  a  thickening 
of  the  epihtast  (1,  L).  ll  is  hollow,  and  as  it  grows  inward  ultimately  becomes  spherical  and 
wparaled  from  the  epiblost  to  form  the  crystalline  lens,  so  that  the  lens  is  epiblastic  in  its  origin. 
while  the  capsule  of  the  lens  is  a  cuticular  structure  formed  from  epililart.  I'hat  part  of  the  epi- 
bla&t  which  covers  the  vesicle  in  front  of  the  lens  ultimately  becomes  the  stralilicd  epiiheimm  of  the 
cornea.  The  cornea  is  formed  at  the  6ih  week.  The  substance  of  the  choioid,  sclerotic  and 
cornea  is  furmeil  around  the  position  of  the  eye  from  the  mcsoblnsi  [m).  The  capsule  of  the 
lens  is  at  first  completely  surrounded  by  a  vascular  memlirane— the  membrana  capsulo-pupil- 
laris.  Afterward  the  lens  passes  more  posteriorly  into  the  eye — the  anterior  part  of  the  capsulo- 
pupillary  membrane,  however,  remains  in  the  anterinr  part  of  the  eye,  while  towanl  it  grows  the 
margin  of  the  iris  (7th  week),  so  that  the  pupil  is  dosed  liy  this  pan  of  the  vascular  ca|»ulc  {mem- 
brana puf^iHaris).  The  blood  vessels  of  the  iris  are  coniinuons  with  those  of  the  pupillary  mem- 
brane  ;  those  of  the  posterior  capsule  of  the  lens  give  off  the  hyaloid  artery,  a  continuation  of  the 
central  artery  of  the  retina;  its  veins  pass  into  those  of  the  iris  and  choroid.  The  vitreous  humor 
at  the  4ih  week  is.  represented  by  a  cellular  mass  between  the  lens  and  the  rc^tina  {A'dtliier).  The 
f.<upillar)'  mcmlirnnc  diiiappears  at  the  7th  month.     It  may  remain  throughout  life  (V). 

Organ  of  Smell. — On  the  under  surface  and  lateral  limit  of  the  fore-brain,  the  epiblast  forms  a 
groove  or  pit  with  thickened  epithelium,  which  forms  a  depression  toward  the  brain,  but  always 
remains  as  a  pit  or  dcprcssitm  ;  this  is  the  olfactory  or  nasal  pit.  to  which  the  olfactor>-  nerve  after- 
ward sends  its  br.inches. 

Organ  of  Hearing.— On  both  sides  of  the  after-brain  there  is  a  depression  or  pit  formed  in  the 
epiblast.  which  gradtially  extends  deeper  toward  the  brain — this  is  the  A/i^fMnM ///.  The  pit  ts 
ultimately  completely  cut  off  from  the  epiblast,  just  like  the  lens,  and  is  nnw  called  the  ir^jiV/f  17/ 
thf  tahyrinth.  It  represents  the  utricle,  from  which,  at  the  ad  month,  the  semicircular  dnals  and 
the  cochlea  are  developed.  The  union  with  the  hrain  occurs  later  along  with  the  development  of 
the  auditory  ncr\'e.  The  hrtt  visceral  cleft  remains  as  an  irregular  passage  from  the  Eustachian 
tube  to  the  external  auditory  meatus.     The  omUr  ear  appears  at  the  7th  week. 
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INFLUENCE  OF  NERVES  ON  THE  UTERUS. 


453.  BIRTH. — With  the  growth  of  the  ovum,  the  utenjs  becomes  more  dcs- 
tcnded^  its  walls  more  muscular  and  more  vascular,  although  the  uterine  walls  are 
not  thicker  at  the  end  of  pregnancy.  Toward  the  end  of  gestation  the  cervical 
canal  is  intact  until  labor  begins,  or  at  any  rate  it  is  only  slightly  opened  up  at  its 
upper  parts.  After  a  period  of  280  days  of  gestation  "  labor"  begins,  whereby 
the  conienLs  of  the  uterus  arc  discharged.  The  labor  pains  occur  rhythmically 
and  j>eriodicaliy,  being  separated  from  each  other  by  intervals  free  from  pam. 
Each  pain  begins  gradually,  reaches  a  maximum,  and  then  slowly  dechnes.  \Viih 
each  pain  the  heat  of  the  uterus  increases  (§  302),  while  the  heart  beat  of  the 
fcetus  beconies  slower  and  feebler,  which  is  due  to  stimulation  of  the  vagus  in  the 
medulla  oblongata  (§  369,  3). 

[At  the  full  lime  the  membranes  and  placenta  line  the  uterus.  The  membranes 
consist,  from  within  outward,  of  amnion,  chorion,  decidua  refiexa,  and  dcciduft 
vera.  The  fundi  of  the  uterine  glands  persist  in  the  deep  part  of  the  decidua 
vera  and  thus  form  a  spongy  layer,  the  part  above  this  being  the  compact  layer 
in  the  deep  part  of  the  placenta,  e.  g.,  near  the  uterine  wall,  we  have  also  the 
fundi  of  the  uterine  glands  persisting  in  the  decidua  serotina.  When  the  pUccnta 
and  membranes  are  expelled  after  birth,  the  line  of  separation  lakes  place  in 
the  part  of  the  membranes  and  placenta  where  the  fundi  of  the  glands  per&i&t. 
After  labor  is  completely  finished  the  uterus  is  lined  by  the  remains  of  the  spong>' 
layer  of  the  decidua  vera  and  serotina,  c.  ^.,  is  lined  by  a  layer  which  contains 
the  fundi  of  the  uterine  glands.  The  new  mucous  membrane  is  regenerated  by 
the  growth  of  the  epithelium  and  connective  tissue  in  this  i>art.  The  naem- 
branes  expelled  are  made  up  of  amnion,  chorion,  decidu.x  rcflcxae,  and  \\\it 
comfiart  layer  of  the  decidua  vera.] 

[Power  in  Ordinary  Labors. — Sometimes  the  ovum  is  expelled  whole,  the 
membranes  containing  the  liquoramnii  remaining  unniptured.  Poppel  has  pointed 
out  that  the  force  which  ruptures  the  bag  of  membranes  is  sufficient  to  complete 
delivery,  so  that,  as  Matthews  Duncan  remarks,  the  strength  of  the  membranes 
gives  us  a  means  of  ascertaining  the  power  of  labor  in  the  easiest  class  of  natural 
labors.  Matthews  Duncan,  from  exjieriments  on  the  pressure  required  to  rapture 
the  membranes,  concludes  that  the  great  majority  of  labors  are  completed  by  a 
propelling  force  not  exceeding  forty  pounds.] 

Potailton  estimates  the  pressure  exerted  by  the  uterus  upon  Ihc  rtelns  at  each  pain  to  he  154.  kilot. 
[33^-8  Ihfi.].  Ro  that,  ftccnrding  to  this  calculation,  the  uterui  At  each  pain  performs  8820  kilograa- 
metres  of  work  k\  301).     [I'his  estimate  is  certainly  far  too  high.] 

After-birth, — After  the  foHus  is  evpelled.  the  placeola  remains  behind ;  but  it  it  aooa  CKpeUcd 
by  the  contractions  of  the  uteru-i.  During  the  contraction  of  the  uterus  to  cipel  the  placetUm,  a  not 
inconsiderable  amount  of  the  placenta)  blood  is  forced  into  the  child  ({  40),  [It  \s  more  pr«>t)«bte 
thai  the  child  aspirates  the  blood  from  Ihc  f<i-tal  jiortioti  of  the  placenta.  This  can  be  «reii  m  laic 
ligature  of  the  cord.  The  child  may  thus  gain  two  ounces  of  blood.]  After  a  time  the  placcou, 
the  membranes  and  the  decidua — constituting  the  aftsr-hirth — are  expelled. 

Influence  of  Nerves  on  the  Uterus. — i.  Stimulation  of  the  faypoi^asinc  ple>vs  cause*  eos- 
traction  of  Ihc  uterus.  The  tibres  arxu:  from  the  spinal  cord,  from  the  last  dorul,  and  upper  tbree 
or  four  lumbar  nerves,  run  into  the  sympathetic,  and  then  reach  the  hypi^astric  ple&ui  |>V«iiivi*- 
kSus(r).  a.  Siimulaiion  of  the  nervi  crigentes,  which  are  derived  from  the  sacral  pleniia.  ciMIM 
movement  {v.  Bank  and  fiofmann).  3.  Stimulation  of  the  lumbar  and  sacral  parts  oi  the  coitt 
causes  powerful  movements  ( Sfnei^cihtrg,  Sckiff  ),  There  tit  a  itntre  fpr  the  att  of  fartttrUti'M  in 
the  lum^iar  region  of  the  cord  ( j  362,  6).  The  uterus,  like  the  inieuine,  prutwbly  cfi  u.-.  («■  //•- 
pendent  Gt  partnckymaicus  nei^i  centres  [A'imer)^  which  can  be  excited   by  susp'  ic 

respiration,  and   by  anamia  (by  compressing  the  aorta,  or  rapad  hem'irrlia|>et.     Ilc^!r  tur 

bodily  icmjwraiure  diminishes  the  tnovement,  while  an  increof^e  of  the  iemi»ennure  increwei  it, 
which,  however,  ceases  dnriop  high  fever  {Frommt).  The  experiments  made  by  Rein  upon  bitda 
show  that,  if  all  the  nerves  goini^  to  the  uterus  be  divided,  praciicnlly  all  the  function*  connecied 
with  conception,  pregnancy,  and  parturiiion  can  take  place,  even  although  the  uterus  Ia  wporUed 
from  all  its  c^ re bro- spinal  connections.  Hence  we  must  look  to  the  presence  of  somt  ~-"'  i*ic 
{■nglia  in  the  uterus  itself.     Accordinf;  to  Detnlm,  there  is  a  centre   in  the  anleri<u  r 

vagina  of  the  ral)li}t.     According  to  jastreboff,  the   vagina  of  the   rabbit   rontmcts  1  >■ 

Sclerotic  acid  [jrcaily  esciie?  the  uterine  contractions  (r.  ^u'VfrV*!).     4    The  uterus  \  -i- 

flexly  on  Btimulatinj;  tbc  central  end  of  the  scalic  itcrve  {v.  Batch  and  lit>fm(tnn\,  th'-  -\.\ 

of  brauchial  plexus  \Schiuimger)t  and  the  nipple  {^Soarnvni^     5.  Tbc  uterus  ii  supp)ic%l  L>y  wkt 
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motor  nfnfex  (hfpnfrutric  plexus),  which  come  from  the  splanchnic  ;  anrf  also  bjr  vaioditator  fibres, 
the  latter  through  the  nervi  erigenies.  The  vosumutor  nerves  ore  aliected  rcflexly  by  stimulollou  of 
the  sciatic  nerve  {v.  Baseh  and  /Jo/mann). 

Lochia. — After  birth,  the  whole  mucous  membrane  (decidua")  is  shed  ;  its  inner 
surface,  therefore,  represents  a  large  wounded  surface,  on  which  a  new  mucous 
membrane  is  developed.  The  discharge  given  off  after  birth  constitutes  the 
lochia. 

Involution  of  the  Uterus. — After  birth  the  thick  muscular  mass  decreases 
in  size,  some  of  its  fibres  undergoing  fatty  degeneration.  Within  the  lumen  of 
the  blood  vessels  of  the  uterus  itself,  there  begins  in  the  interna  of  these  vessels  a 
proliferation  of  the  connective-tissue  elements,  whereby  within  a  few  months  the 
blood  vessels  so  affected  become  completely  occluded.  The  smooth  muscular 
fibres  of  the  middle  coat  of  the  arteries  undergo  fatty  degeneration.  The  rela- 
tively large  vascular  spaces  in  the  region  of  the  placenta  are  filled  by  blood  clots, 
which  are  ultimately  traversed  by  outgrowths  of  the  connective  tissue  of  the  vas- 
cular w.ills. 

Milk  Fever. — After  birth  there  is  a  peculiar  action  on  the  vasomotor  system, 
constituting  milk  fever,  while  at  the  2d  to  3d  day  there  is  a  more  copious  supply 
of  blood  to  the  mammary  gland  for  the  secretion  of  milk  (§  231).  [After  birth 
the  pulse  becomes  slow  and  remains  so  in  a  normal  puerperum.  The  so-called 
milk  fever  is  not  found  in  cases  where  strict  cleanliness  is  observed  during  the 
labor  and  puerperum.]  The  cause  of  the  first  respiration  in  the  child  is  referred 
to  at  p.  692. 

454.  COMPARATIVES— HISTORICAL.— A  sketch  of  the  development  of  nan  mutt 
necemarily  have  some  reference  to  the  general  scheme  of  development  in  the  .-Vnimnl  Kingdom. 
The  question  as  to  how  the  numerous  forms  of  animal  lift  al  present  cxUling  on  the  globe  have 
arisen  has  been  answered  in  several  ways.  Ii  has  Iwen  a-wrted  that  each  species  has  retained  its 
characters  unchanged  from  the  be;;inning,  so  that  we  speak  of  the  "constancy  of  species."  This 
view,  developed  by  Linnivus,  Cuvier,  A^assiz,  and  others,  is  opposed  by  thai  supported  by  Lamarck 
(18001,  or  the  doctrine  of  the  "  L'nity  of  the  Animal  Kingdom,"  conesponding  to  the  ancient  view 
of  Knipedncles,  that  all  species  of  animils  were  derived  hy  variations  from  a  few  fundamenlal 
forms  ;  that  at  first  Ihere  were  only  a  few  lower  forms  from  which  the  numerous  ^cies  were  devel- 
oi>cd— a  view  supported  by  (Jeoflfrey  St.  ilihiire,  and  lH>ethe.  After  a  long  period  this  view  was 
restated  and  elucidated  in  the  most  hrillianl  and  most  fruitful  manner  hy  Charles  Darwin  (1859)  iRi 
his  •*  Origin  of  Species,"  and  other  works.  He  attempted  to  show  how  moditications  may  bej 
brought  about  by  uniform  and  varying  condilions  acting  For  a  long  time.  Among  created  beings^ 
each  one  struggles  wiih  its  netghlxir,  so  that  there  is  a  real  "struggle  for  existence."  Manyi 
qualities,  such  as  vigor,  rapidity,  color,  reproductive  activity,  etc.,  are  hereditary,  so  that  in  this  way 
by  "  natural  selection  "  there  may  be  a  gradual  impn^vement,  and  therewith  a  gradual  change 
of  the  species.  In  addition,  organisms  can,  within  certain  limits,  accommodate  themselves  to  their 
surroundings  or  environment.  Thus  certain  useful  organs  or  parts  may  undergo  development, 
while  inactive  or  useless  parts  may  undergo  retrogression,  and  form  "  rudimentary  organs." 
This  proccM  of  "natural  selectiim,"  causing  gratlual  changes  in  the  form  of  organisms,  finds  its 
counterpart  in  "artificial  selection,"  among  plants  anri  animal;*.  Breeders  of  animals,  for  ex- 
ample, hy  selecting  the  proper  crosaes,  can  within  a  relatively  short  time  produce  very  material 
alier.iiions  in  the  form  and  characters  of  the  animals  which  they  breed,  the  changes  being  more 
pronounced  than  many  of  thfjse  that  separate  well-defined  species.  But,  just  as  with  aititicial  sc- 
irction,  there  is  sometimes  a  sudden  "  rn'/rsioH  "  to  a  former  type,  so  in  the  development  of  species 
by  natural  selection  there  is  sometimes  a  condition  of  atavism.  (Obviously,  a  wide  distribuliun  of 
one  species  in  different  climates  must  increase  the  liabiliiy  to  change,  as  very  different  conditions  of 
environment  come  into  play.  Thus,  the  migration  of  organisms  may  gradually  lead  to  a  change  of 
species. 

Biological  Law. —Without  discussing  the  development  of  different  organisms,  we  may  refer  to 
the  **  juntiamtnttil  bioi^Ual  lou>^*  of  Hxckcl,  vix.,  "thai  the  ontogeny  is  a  short  repetition  of  the 
pliylogcny,"  fontogeny  being  the  history  of  the  development  of  single  lieings,  or  of  the  individual 
from  the  ovum  onward,  while  phytogeny  is  the  history  of  the  development  of  a  whole  stOtJt  of 
organisms  from  ihc  lnwe»l  forms  of  the  series  upward]  (p.  xxxii).  When  applied  to  man,  this  law 
asserts  that  the  individual  sis;;es  in  the  course  of  the  development  of  the  human  embryo,  e.g.,  its 
existence  as  a  unicellular  o^mm,  as  a  group  of  cells  after  complete  cleavage,  as  a  blastodermic  ves* 
icle,  as  an  organism  without  a  body  cavity,  etc. ;  that  these  stages  of  development  indicate  or  rep. 
resent  so  many  animal  forms,  through  which  the  human  species  in  the  course  of  untold  ages  has, 
been  gradually  cvdvcd.  The  individual  stages  which  the  human  race  has  passed  in  this  process 
of  evolution  are  rapidly  rehearsed  in  its  embryonic  developmetit.     This  conception  has  not  passed 
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without  challenge.  In  any  case,  the  comparison  of  the  human  ilevelopment  and  U&  todiviilwi 
organs  with  the  corresponding  perfect  oi^ans  of  the  lower  vertebnles  is  of  i;rcal  importance  Tbtii. 
a  mammal  during  ilic  development  of  its  organs  is  oritriniUy  po&fte»ed  of  the  tubulaf  hcait.  the 
branchial  clefts,  the  undeveloped  braiu,  the  cartilaginous  chorda  dursolis,  and  many  amti(emebbi 
of  the  voAcular  sysiem.  etc ,  which  are  permanent  throughout  the  hfe  of  the  lowest  venebralcs- 
These  incomplete  stages  arc  perfected  in  ilie  ascending  classes  of  vertebrates.  Still,  there  arc  many 
diificulties  to  contend  with  in  eslabli&bing  both  the  evolution  hypothesis  of  Darwin  and  the  biolog. 
ical  law  of  Hnrckel. 

Historical.— Although  the  impetus  to  the  study  of  the  history  of  development  has  been  moM 
stimulated  in  recent  times,  the  ancient  philo^ptters  held  distinct  but  varied  viewH  on  the  qae<iton 
development.  Passing  over  (he  views  of  Pylhagoras  (550  B.C.)  and  Anaxogoras  (500  |t.c  ),  Km] 
doctes  (47.1  li.C.)  taught  that  the  embryo  was  nourished  through  the  umbihcus  :  while  he  namcil  the' 
chotion  atui  amnion.  Hip|K)Crateti  observed  iiicubnied  egg!k  from  day  to  day.  noticed  thai  the 
allantntii  protruded  llirougli  tlie  umliilicu»,  and  ol^servcH  that  the  chick  escaped  from  the  eg|*  on  (hr 
20th  day.  He  taught  that  a  7  months'  f<ctus  was  viable,  and  explained  the  pouibiMty  of  %u\-  \  1  - 
tation  from  the  horns  of  the  uterus.  The  writings  of  Aritfolle  (bom  384  ii.c)  contain  many  irl^.-! 
ences  to  development,  and  many  of  them  arc  already  referred  to  in  the  text.  He  taoght  thai  ihr 
embryo  receives  its  vascular  supply  through  the  umbilical  vessels,  and  that  the  placenta  nicked  the 
blood  from  the  vascular  uteru.i,  like  the  rootlets  of  a  tree  absorbing  moisture.  He  diaiingnished  the 
polycolylctlouary  from  the  difTuse  placenta ;  and  he  nrfericd  the  former  to  animals  without  a  cum- 
plete  row  of  teeth  in  both  jaws.  In  the  inculiated  egg  of  the  chick,  he  distinguished  the  blood 
vessels  of  the  umbilical  vesicle,  which  carried  food  from  the  cavity  of  the  latter,  and  also  the  ollan* 
lois.  He  also  observed  that  the  head  of  the  chick  lay  on  il%  right  leg.  and  that  the  unrl^l-  ■!  •-"  k 
was  ultimately  absorbed  Into  the  body.     The  formation  of  double  monsters,  he  a*  f 

union  of  two  germs  or  two  embryos  lying  near  each  other.  During  generation,  the  1 
duces  the  matter, the  male  the  principle  which  gives  it  form  and  motion.  There  arc  sImj  nutttcmu* 
references  to  reprotluciion  in  the  lower  animals.  Erasistratu.s  (304  B.C.)  descriljed  the  embryo  a» 
arising  |jy  new  formations  with  the  ovum  or  Epigenesis,  while  his  contcm|>orary,  Herophilus,  found 
that  the  pre|;iiaQl  uterus  was  closed.  He  wa^  aware  of  the  glandular  nature  of  the  pMsiule.  and 
named  the  vesicuhv  seminates  and  the  epididymis.  Galen  f  131-203  a.d.)  was  ac<|uainted  with  the 
extMence  of  the  foramen  ovate,  and  the  course  of  the  blood  in  the  f<rlus  through  it,  and  tliroueh 
the  ductus  arteriosus.  He  was  also  aware  of  the  physiological  relation  between  ihc  breast  and  UK 
blood  vessels  of  the  uterus,  and  he  descril>ed  how  the  uterus  contracted  on  pressure  being  aff>b««l 
to  it.  In  the  Talmud,  it  is  slated  that  an  animal  with  itit  uterux  extirpated  may  live,  thai  the  pulwa 
separates  during  birth,  and  there  is  a  record  of  a  case  of  Cesarian  »ection,  the  child  beinf 
saved.  Sylvius  descnbed  the  value  of  the  foramen  ovale;  Vesalius  (1540)  the  ovarian  follicle*  ; 
EustachiuK  It  1570)  the  ductus  arteriosiu  (Koulli)  and  the  branches  of  the  umbilical  vein  tu  Lbe 
liver.  ArauUus  investigated  the  duct  which  bears  his  name,  and  he  asserted  that  the  urabihcal  ar- 
teries  do  not  anastomose  with  the  maternal  vessels  in  the  placenta.  In  libavius  { 1597)  it  is  stated 
that  the  child  may  cry  in  utero.  Riolan  ^1618)  was  aware  of  the  exUlence  of  the  corpus  Hi|{lb- 
morianum  testis.  I*!ivius  (1657)  investigated  the  position  of  the  testes  in  the  lumbar  region  of  t)ie 
foetus.  Harvey  (1633)  stated)  the  fundamental  axiom,  "OmNr  x'ivum  fx  i>?v."  Fobridiw  ab 
Aqiiapendente  {1600)  aillcctetl  the  malcriaU  known  for  the  hiMnry  of  the  devclo[>mcn£  of  tic 
chick.  Regner  de  Graaf  described  more  carefully  the  rolticles  which  bear  his  name,  and  he  fowl 
a  mammalian  ovum  in  the  Fallopian  lube.  Swammerdam  (f  I685]  discovered  mt-tamtvphasts, 
and  he  dis^ccte^l  a  butterfly  from  the  chryulis  before  the  Grand  [>uke  of  Tuscany.  He  dcibctkbcd 
the  cleavage  of  the  frog's  egg.  Malpighi  (f  1^4)  gave  a  good  description  of  the  developineni  ol 
the  chick  with  illusiraiinn.s.  Hartsoecker  (1730)  asserted  that  the  s|)ermatozoa  pass  ititotbe  ovaai. 
The  first  h.-Ur  of  the  1 3th  century  was  occupied  with  a  discussion  as  to  whether  the  ovum  or  lbe 
sperm  was  the  more  im|K)rtant  for  the  new  formation  ithe  0\'uli5ls  and  SpermatistsV ;  and  alao  as 
to  whether  the  foetus  was  formed  or  developed  within  the  ovum  {Epigencsis).  or  if  it  mereiy  ift. 
creased  in  gmwlh.  The  question  of  spontaneous  generation  has  been  fret|uenily  invcktigated  siaoe 
the  time  of  Necdhain  in  1745. 

New  Epoch. — A  new  epoch  began  with  Caspar  Fried.     Wolff  (1759).  whi>  was  the  (rnrt  to 
leach  that  the  embryo  was  formed  from  layers,  and  that  the  tissues  were  composed  of  -i  '» 

(corresponding  to  the  celts  of  the  present  period),  lie  observed  exactly  the  formation 
tine.  William  Hunter  (1775)  described  the  membranes  of  the  pregnant  uteru-<.  >«t-iiimcring 
(1799)  describetl  the  formation  of  the  external  hum;)n  configuration,  and  t)ken  and  Kiesser  thai  of 
the  iniewiiie*.  f_>ken  and  Gfethe  taught  that  the  skull  was  com[K»ed  of  venebr*-  Tiedemaiia 
described  the  formation  of  the  brain,  and  Meckel  that  of  monstets.  The  liasjs  for  the  study  of  \hm 
dcvclopmtnl  of  sn  animal  from  the  layers  of  the  emltryo,  was  laid  by  the  researches  of  Ponder 
(18171,  Carl  Ernst  v.  Baer  (1828-1834),  Remak  and  many  other  obsen-era;  and  Schwann  waa  the 
first  to  trace  the  development  of  all  the  tissues  from  the  ovum.  [Schleidcn  enunciated  the  cvU 
thror)'  with  reference  to  the  minute  struciure  o(  vegetable  tissues,  while  Schwann  applied  tikc 
theory  to  the  slruclure  of  animal  livturs.  Amun-,;  ihr«e  wliose  names  are  mo«(  prommem  Ui  cnn- 
neciion  v«ith  the  evolution  of  this  iht^ory  are  Monin  Barry,  von  Mohl,  Leydig,  RcAoki  Goodriti 
Virchow,  rteaie.  Max  SchuU^e,  and  a  host  of  recent  ol»ervers.] 
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form    and    arrange-           ^^^^H 
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^^^B 
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Bronzed  skin,  181 

mu            g                              ^^^^H 

estimation  of,  141 

Brownian  movement.  344 

^^^^^H 
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properties  of,  115 
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^^^H 
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Callus,  404 

^^^^H 
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wall,  formation  of,  S80 
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development  of,  892 
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functions  of,  704 
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structure  of,  709 
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weight  of,  706 

portal.  67                           ^H 
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Cheyne-Stokes'      phenomenon. 

palate.  880                         ^^^M 
Clerk  -  Muweirt    expcfiflMB^^^H 
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Chondrogen,  412 
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Cbordx  tendinese,  76 

Coffee.  385                                        ^^M 

^^^^^H                     inspiratory  centre,  687, 
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^^^K^^       CerebnuD,  709 
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Depressor  fibres,  697                             ^^^^H 
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^^B                   contrast.  791 
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^^H 

^^H                 geometrical  table.  792 
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^^^^1 
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^^^H 
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^^^^H 
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Circulation,  181 

Cotyledons,  886 
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Coughing,  207 
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Metabolism,  417 
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nerves,  576 
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Nerve  centres,  746 
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391                      ^^^^H 
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Sight,  312 
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of  gases.  57                         ^^^H 
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Compound  eye,  312 
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Deglutition.  254 
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Demarcation  current,  593 

Dura               742                                     ^^^^H 
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^^^^^L                                  61 1 

S'^uamous,  233 
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Kallopiiin  lubes,  B66                 ^^^^H 
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^^^l               Electricitv,    therapeutical    uses. 

Ether,  xxxii 

Fascia,  lymphatics  of,  34I           ^^^^| 

^H                   606      ' 

Eudiometer,  59 

Fatigue  of  muscle.  51S             ^^^^H 

^^^1                Electrodes,  non-polarizahle,  582 

Eukalyn,  417 

stuffs,  5 1 9,  S3 1              ^^^H 

^^^1                                 other  forms,  6u6 

EupcrMaUis,  362 

Fat5, 4»J                                     ^^M 

^H              Electrolysis,  579 

Eupmra,  688 

decompoiitmn  of,  383             ^^M 

^^^1                Electrometer.  589 

Eu>tachian  catheter,  824 

fermentaiion  of,  509         ^^^^| 

^^^1                Electro  therapeutics,  606 

tube,  822 

ffietalailt^nt  nf,  397             ^^^^^| 

^^^H               Klectro-moitve  force.  577 

Excitability,  action  of    pniions 

oitgtn  of,  398                     ^^^^1 

^^^H                Electro-physiulogy,  577 

on,  671 

Fat-splitting  fermeot,  283           ^^^^| 

^^^K^^        ElectrotuQus,  594 

Exciuble  poinu  of  a  nerve,  $76 

Fatly            4t3                         ^^^H 

^^^^^^L                        in  inhlMtoTV  nerves. 

Excito-motor  nervc»,  615 

dcgenentinn,  400             ^^^^| 

^^^B 

Excrelin.  311 

Fcchner's  law.  749                       ^^^H 

^^^^^^H                                motor  nerves,  598 

Excretion  of  fxcal  matter,  tdn 

Fchling's  solution.  246,  451             ^^| 

^^^^^^1                                   muAcle,  6ot 

Exophthalmos,  799 

Ferments,  41 1                                   ^^M 

^^^^^^^                          in   sensory    nerves. 

Ex|xctoranls,  227 

fate  of.  306                       ^H 

^^r 

Expiration.  197 

nrganueil,  4it                   ^^| 

^H              Eleidin,  477 

Expiratory  muscles,  197 

unorganised,  41a              ^H 

^^H             Elementflfy  granulet  of  blood, 

Explosives,  557 

Fennentalion.  3S6                           ^H 

^H 

Extensor  tetanus,  663 

ininle«tAe,J07         ^H 

^^H              Emetics,  359 

Ektcnial  genitals,  899 

Int.  347              ^M 

^^^B              Emmetropic  eye.  770 

Extra  current,  584 

Fertillialion  of  otum.  S73              ^H 

^^^H               Emotions,  expression  of,  559 

Extrapnlar  region,  59S 

Fever,  367                                            ^H 

^^^H               KmulaiBcation,  283 

Extreuuticx,     development     of, 

after  transfoaion,  169            ^^M 

^^^H               Eiiiulson,  344 

881 

Fibres  of  Tones.  149                ^^^M 
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■            Fibrillar  contraction,  5 1 2 

Qaertner,  ducts  of,  8S9 

Glands,  coccygeal,  114,  iSl                  ^^^^| 

Fibrin.  34,  46 

(Jalactorrhtea,  370 

Ebncr's.  232                                ^^^H 

Fibrin  factors,  46 

Galactose,  415 

^^^^H 

Fibrio   ferment.  46,  5a 

Gallop,  544 

Harderian,  S13                           ^^^^H 

Fibrinogen.  50,410 

Gall  stones,  315 

lachrymal,  810                           ^^^^H 

Fibrino[>laMin,  50 

Gallon's  whistle.  829 

Lieberkdhn's,  304                     ^^^^H 

Fibroin,  411 

Galvanic  battery.  577 

Ungual,  333                                ^^^^H 

Field  of  vision,  765 

excitability,  609 

^^^H 

contest  of,  808 

Galvnno  cautery,  61 1 

mammar>'.  375                          ^^^^H 

Fllaria  sanguinis,  457 

Galvanometer,  57S 

Meibomian,  810                         ^^^^^H 

Fihralion,  327 

reflecting,  582 

233                                  ^^^^H 

Fir»t  respiration,  discharge  of, 

Gftlvano-puncture,  6ti 

mucus,          236                      ^^^^1 

690 

tetanus.  571 

Nuhn's,  232                             ^^^^1 

effects  of,  on  thorax,  206 

Ganglionic  arteries,  744 

parotid,  233                                 ^^^^1 

Fish  extract,  3S3 

Gangrene,  614 

peptic,                                          ^^^^1 

Fission,  S56 

Gargling.  208 

325                            ^^^H 

Fistula,  bilinry,  298 

Gas  pump  for  blood,  57 

pyloric,                                     ^^^^H 

costrlc,  273 

Gaseous  exchanges,  213.  216 

salivary,  333                             ^^^H 

iittcsllnal.  304 

e fleets    on, 

sebaceous,                                 ^^^^H 

pancreatic,  279 

213 

serous,                                          ^^^^H 

Thiry's  304 

Gases,  307 

334                              ^^^^H 

Vella's.  305 

diffusion  of,  216 

sublingual,  240                           ^^^^H 

Flame  spectra,  38 
Flavor,  S40 

in  blood,  59 

483                        ^^^^H 

in  stomach,  378 

utenne,  S66                                 ^^^^H 

Flcischl's    law   of   coDlraction, 

indifferent.  225 

333                              ^^^H 

601 

irrespirahlc,  225 

Glaucoma,  636                                      ^^^^H 

Flesh.  381 

poisonous,  225 

^^^^H 

Floor  space,  226 

respired,  191 

Globin,  409                                            ^^^^H 

Flourens'  doctrine,  704 

Gukell's  clamp,  97 

Globulins                                               ^^^^H 

Fluid  vein,  164 

Gaa  sphygmoscope,  122 

Glomerulus,  431                                         ^^^^H 

Fluids,  flow  of,  loS 

Gasserian  ganglion,  626 

Glosao-pharyngeal  nerve,  627               ^^^^H 

intrttduction  of,  24S 

Gastric  digestion,  274 

Glossople^a,  645                                  ^^^^H 

Fluorescence,  791 

conditions  affecting,  275, 

Glossy  »kin,                                           ^^^^H 

of  eye.  766 

3*4 

547                                            ^^^^1 

Fluoresctn,  759 

fistula,  315 

Glucose,  415                                          ^^^^1 

Focal  line,  761 

pathological    variations. 

tests  for,  246.  45 1                   ^^^1 

point.  761 

3i4 

Glycosides,  413                                        ^^^^H 

Foetal  circulation,  885 
membranes.  S86 

Gastric  giddiness,  636 

Glutaminic  acid,  417                               ^^^^^H 

Gastric  juice,  269 

Gluten,  3S4,                                           ^^^^H 

Follicles,  solitary,  324 

action  of  drugs  on,  373 

Glycerin,  414.  415                                 ^^^H 

Fontana's  markings,  568 

action  on  tissues,  377 

method,  273                            ^^^^H 

Fonianelle,  pulse  in,  137 

actions  of.  276 

Glycerin  phosphoric  acid.  414              ^^^^H 

FfH»U- 

artificial,  273 

Glycerinic  acid,  310                              ^^^^H 

isodynainic.  34S 

Gaule's  experiment,  22 

Glycln,  310,  411                                     ^^^H 

plastic,  389 

Gelatin  v.  albumin,  396 

Glycocholic  acid,  293                            ^^^^H 

quantity,  392 

Gemmation,  856 

Glycogen,  2S8,  416                                  ^^^^H 

re^piraIo^y,  393 

Genital  cord,  898 

Glycolic  acids.  414                                   ^^^^^| 

Foramen  ovale,  886 

eminence.  899 

Glycosuria.  290,  451                               ^^^^H 

of  Magcnilie.  743 

Genu  valgum,  538 

GmeliaHeintz,    rtraction,    295,           ^^^^H 

Force  of  aceoramodaiion,  772 

varum,  53S 

451                                 ^^^H 

Forced  movements,  73S 

Geometrical  color  table,  792 

Goblet  cells,  321                                     ^^^^1 

Fnrccs,  xxxiii 

Germ  epithelium,  863 

Guiirc,  180                                             ^^^H 

Forinaliu  reticularis,  683 

Germinal  arei,  875 

Goll's  column.  655                                ^^^^H 

Formative  cells,  877 

Gernu,  326 

Goltz'a    croaking     experiment,           ^^^^H 

Fovea  cardica.  879 

Gestation,  period  of,  SS7 

^^M 

centralis.  787 

Giddiness,  625,  636 

embrace  experiment.  664            ^^^^^H 

Fractional      heal      coagulation, 

Ginglvmus,  534 
Girald^s,  organ  of.  899 

Gorham's  pupil  photometer,  778            ^^^^H 

55 

Gout,  65                                                     ^^^H 

Free  acid,  formation  of,  27 1 

Girdle  sensa:ion.  672 

Graafian  follicle,  863                                ^^^^1 

Fremitus,  205 

Glance,  808 

Cranultrs,  elementary,  34                        ^^^^H 

Friction  sounrls,  205 

Glands,  albuminous,  232 

Granulose.  244                                     ^^^^H 

Frog  current.  591 

Bowman's,  839 

Grape                                                        ^^^^H 

Ftomann's  lines,  563 

Brunner's,  303 

alMorfition        328                         ^^^^H 

Fruits,  384 

buccal.  232 

estimation  of,  247                         ^^^^^H 

Fumlamental  note.  817 

carotid,  1 14.  i8t 

^^^^^H 

Fundus  glands.  366 

ceruminous,  482 

^^^^H 

Fungi,  307 

changes  in,  235,  253 

volumetric  analysis,  452             ^^^^| 
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^^^^H           Gravitation,  xxaiii 

Harrison's  groove.  195 

Heller's  lest,  246.  446           ^^M 

^^^^^B            Great  auricular  nerve,  698 

Hauall's  corpu*cle»,  177 

blood  te«.  450             ^^M 

^^^^^1           Green  blindness.  795 

Hawking,  307 

Helmholtz's  modification,  5S5     ^fl 

^^^^H            Green  vegetnhlcft,  384 

Head  fold,  878 

llemcralopia,  618                 ^^^H 

^^^^H            Growth,  388.417 

Headgut,  878 

Memialbumin,  274                ^^^^B 

^^^^^K                                             613 

Heart,  67 

Hcmialburaose,  274              ^^^| 

^^^^H           Guanidin,  519 

acceleralert  action,  84 

Hemiann.'slbe&ia,  733             ^^^^B 

^^^^^B 

action  of  fluids  on.  96 

Hemianopsia,  617                    ^^^^fl 

^^^^H           Gubcrnacalutn  tenliti,  89S 

action  of  ga»>es,  92,  I03 

llemicranio,  701                      ^^^| 

^^^^^H 

action  of  poisons  on,  103 

Hemiot>ia,  617,  73a              ^^H 

^^^^^1            Gustatory  fibres,  632 

apex  beat,  99 

Hen)ipc|)(nne.  2S3                   ^^^^B 

^^^^^H                            centre,  724 

arrangement  of  fibres,  70 

Ilcmiplei^ia.  73(1                     ^^^H 

^^^^H                                            84 

aspiration  of.  152 

Ilrnn&y^tule,  88                       ^^H 

^^^^^1 

auricular  systole,  75 

Henle's  loop,  424                 ^^^H 

^^^^^1           Gymnastics,  53S 

automatic  centres,  95 

sheath,  565                ^B 

^^^^^^1           Gymnoius, 

blood  vessels  of,  72 

Hen's  egg,  S64 

^^^H                    675 

changes  in  shape.  83 

Hensen's  cxpcrmienX835 

^^^^^^B 

chordn:  tendinea;,  76 

Hepatic  celts  2S6 

^^^^H           Hmy's  reaction,  45 1 

cutting  experiments,  96, 

chemical     conposilkia 

^^^^^B            Hnrmacytomcicr,  21 

97 

of,  2SS 

^^^^^1            Ilxmndynamcrmftcr,  141 

devetopmeni  ot,  879 

zones,  286 

^^^^H 

diaMole,  75 

Hepatogenic  icterus,  290 

^^^^^1            Hxniatoblasli,  33 

danttton  of  movements. 

Hcrbst's  corpuscles.  846 

^^^^^1            llxmntohidrosis  489 

92 

Hermann's  theory  uf  tissue  cur- 

^^^^^1           1  la'matoidin,  44.  45  ■  •  869 

endocardium,  141 

rents,  S96 

^^^^^1           Hematoma  aurium,  614 

cxamiDation  of,  92 

Herpes.  614 

^^^^^1            HxHiaioporphynn*  43 

frog's,  94 

Heterologous  Himuli,  748 

^^^^^^m            Ilxmaturia,  447 

ganglia  of,  93 

Hewson's  CKpenmeou,  49 

^^^^^B           l^ivmautograplty,  123 

innervation  of,  93 

Hiccough,  208 

^^^^^1            Ilnmin  and  its  lots,  43 

nu]vcment&  of.  75 

Hippunc  add,  43S,  4^5 

^^^^^^B            llxmochromogen,  43 

mu&cubr  fibres,  67 

llip[Kis,  620                            ^H 

^^^^^H           Hivmocyanio, 

myocardium.  68 

—                   ^^^H 

^^^^^1           Hxtnocytolysis,  22 

nerves,  93 

Absorption,  346                 ^^^H 

^^^^^1           Hxmocytometer,  2i 

nutntivc  fluids,  96 

CircuUlioi),  183                  ^^^| 

^^^^^^            Ha-mocytotrypais,  22 

[lalpitalion  uf,  78 

Digestion.  3 1 7                      ^^H 

^^^^^P            HxmodromomcLer,  155 

pause  of,  77 

Hearing,  837                       ^^M 

^^^^^B           Hxmodynamomeler,  141 

pericardium,  71 
Purkinjc's  fibres,  7a 

Heat,  373                             ^^H 

^^^^^B           Hurmoglabin,  35 

Kidney  and  urine,  475                  1 

^^^H                                  analyvii.  3$ 

rejjulalion  of,  73 

Nerres     and       electro  pliyi^ 

^^^^^^^H                         carbonic  oxide.  40 

sounds  of,  88,  91 

ology,  bit 

^^^^^^^B                            compoundi  of,  39 

staircase  beats  of,  97 

Nerve  centres,  746 

^^^^^^H 

systole,  75 

Peripheral  nvrves,  65a 

^^^^^^^B                         decomposition 

valves  of, 72 

Reproduction    uvd    dwdcp' 

^^^^^H 

weight,  73 
work  of,  159 

ment,  903 

^^^^^^^^B 

Respiration,  330 

^^^^^^^^fl                                          42 

Heat,  XXXV 

Sight.  Si 2 

^^^^^^^B                           paiholocical, 

balance  of.  363 

Skin,  490 

^^^^^^^^B 

calorimeter,  356 

Voice  and  speech.  559 

^^^^^^^B                         proields       44 

conductivity,  357 

Hoarseness,  558 

^^^^^^^^^H                             reduced,  40 

dy»pnira,  688 

Holobla:rtic  ova,  864 

^^^^^^^"                                               39 

employment  of,  369 

Homoiothermal  ■nimaU.  350 

^^^^^F          H.'cmoglobinometer,  36 

estimalton  of,  356 

IlomrJogous  stimuli,  74S 

^^^^^^1            Hxmogluhinuna,  170,447 

excrelicm  nf,  363 

Horopter,  804 

^^^^^B            Il:^-inuphilia,  48 

income   and   expenditure. 

Howship'i  lacuna:,  Sga 

^^^^^B           1  Icmorrhage,  death  by,  65 

if^S 

Humor,  aqueous.,  ;5H 

^^^^H                                 effect  of,  696 

in  inflamed  parts,  372 

Hunger  and  starvatioa.  394 

^^^^^B           Hieniorrhagic  dialhesis,  48 

loleiit,  347 

lljTAloid  canal.  757 

^^^^^B            H.^motachomeirr.  156 

regulating  centre,  703 

Hvbemntinn.  371                     ^m 

^^^^^1           Haidinger's  bruslies,  781 
^^^H            Hair.  480 

relation  to  work,  365 

H'ybridi,  S73                             ^^H 

sources  of.  547,  i4& 

Hydatids  N57                           ^^H 

^^^H                                    481 

specific,  356 

Hydnrmin,  66                           ^^^H 

^^^^^^H           Halislerisis,  539 

stifTening,  504 

>ly<lratnnion,  SSa                 ^^^H 

^^^^^B            Hallucinations,  749 

storage  of,  367 

Hydrobiltrubio,  295               ^^^H 

^^^^^B            liammamen  on  blood,  54 

units.  XXV,  348 

Hydrocephalus,  745              ^^^| 

^^^^H           Harderian  gland,  813 

variations   in   production. 

Hydrochinon,  440                   ^^^B 

^^^H            Unre.Iip,S89 

365 

lIydn>chloric  acid,  269                ^H 

^^^^^B 

Helicotrema,  825 

1  lydrocyamc  acid,  4a           ^^H 
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W         Hydrogen  given  off,  41S 

Inspiration,  196 

Kntions,  579                                                 ^^^^^H 

i                           in  body,  407 

inuiclcs  of,  196 

^^^^H 

"           Ilydrolytic  furmenis,  41 3 

ordinnr}',  196 

Keratitis,  633                                             ^^^^| 

Hydronephrosis.  475 

Inlclligcnce,  degree  uf,  706 

Key-note,  839                                            ^^^^H 

tlydrosuuic  le&t,  190 

Intercellular  hlood  channels,  1 14 

^^^M 

llydrDxylbenxoU  440 

]ntercenlral  nerves,  015 

Cnpillflry  contact,  588             ^^^^^^| 

IlypaUusis,  635 

IntcrccMtal  muscles,  199 

rriction.  588                           ^^^^^^1 

Mypalgia.  854 

Interference,  835 

Plug.  588                                     ^^^H 

EJyjM:r.i.-stlicsia,  671 

Inteif^lobular  spaces,  250 

Kidney,  419                                              ^^^^H 

IIyp«aku5is634.635 

Interlobular  vein,  285 

of,  424                                 ^^^^H 

Hypcralgia,  S54 

Internal  capsule,  734                 < 

chemistry  of,  465                          ^^^^^H 

Hypcrdicrotisin,  127 

reprotluctive  organs,  S98 

coiidiliutis  affecting,  466                 ^^^^H 

HyperycusLi.  843 

respiration,  219 

reabsorption  in,  463                            ^^^^H 

Hyi>!-'rj;lobulic,  64 

Intestinal  fistula.  304 

^^^^H 

[Iy[>eri(lrosi5,  4SS 

jiases,  307 

vulume                                               ^^^^H 

Hy|x;rino5is,65 

juice,  303 

Kinicsodic  subsuncc,  670                         ^^^^H 

lly)jcrkint:sia,  671 

aclious  of,  ^5 

Kinetic  energy,  347                                     ^^^^1 

ilypernietropia.  771,  774 

paresis,  264 

theory,  636                                   ^^^^H 

llypcroptic,  771 

Intestine,  259 

Klang,  S28,  S36                                        ^^^^1 

HyfKrrostnia,  616 

artificial      circulation, 

Knee  phenomenon,  667                            ^^^^^H 

Hyperpselapbcsia,  853 

265 

^^^^1 

Hypertrophy  of  heart,  77 

development  of,  895 

Ka-nig's  manoiuetric  flames,  833               ^^^^H 

muscle,  539 

cflisct  of  ilrugk  on,  265 

Koumiss,  3S0                                                ^^^^^H 

Hypnolism,  70S 

fermeniatioD  processes 

Krause's  end  bulbs,  845                            ^^^^| 

HyjioblaM.  S75 

in.  307 

^^^^H 

1           Hypaycusia,  S43 

1          HyjKiglossal  nerve,  645 

Hyfx-iphysis  cerebri,  iSr,  goo 

lar^c.  311,320 

Kreaiinin,  417.436                                      ^^^^1 

Qiovemenls  of,  259 

properties.  436                             ^^^^H 

smalt,  319 

quantity,  436                                ^^^^^H 

HyiKJpselaphesia,  S53 

Intralobular  vein,  2S5 

^^^^^ 

HyjKismin,  616 

Intraocular  pressure,  624,  75S 

Kresol,  4                                                        ^^^^H 

Hypospadias.  899 

[nlussusception,  259 
InuHn,  41 0 

Kryp|n]ih.intc  acid,  441                               ^^^^^H 

Hypuxantliin,  4II 

Kymogmph.                                                 ^^^^H 

P          Ichthidin,  410 

Inunction,  4S9 

^^^^1 

Invert  in,  306 

^^^^H 

Icicms,  399 

Invert  sugar,  306 

^^H 

tiienlical  poin(s,  803 

Ions,  579 

llco-colic  valve,  259 

Iris  775 

^^^^^ 

Ileus,  259 

Iris,  action  of  poisons  on,  777 

Labor,  power  of,  902                                   ^^^^^H 

Illuminaiion  of  eye,  781 

hlofrti  vessels  of,  776 

Labyrinth.  824                                              ^^^^^H 

Illu-tion,  749 

functions  of,  775 

lachrymal  apparatus.  810                          ^^^^H 

Images,  fonnotion  of,  761 

movemcnls  of,  778 

LacteaLs3i9                                            ^^^^^M 

Imbihiiiun  currents,  597 

muscles  of.  776 

Lactic  acid,  414.  44  >                               ^^^^M 

Impregnnlion,  S74 

nerves  of,  776 

ferment,                                    ^^^^^^ 

Impulse,  cardiac,  78 

Irradiation,  797 

Lactoprotein,  378                                      ^^^^^| 

Inipulws   in   trrain,    course    of, 

of  i«in,  672,  853 

Lactose.                                                         ^^^^H 

671.678 

Ischuria,  475 

^^^^^1 

Inanition,  395 

Island  of  Reil,  711 

Lagophthalmus,  620                                 ^^^^H 

Income,  389 

Isf^dynamic  foods.  548 

Lambert's  method,  791                             ^^^^^| 

Indican,  440 

Isolated  heals,  S36 

L.amina  spiratiii,  825                                       ^^^^^| 

IndifTercul  point,  590 

Isoirupous,  500 

Laminx-  dorsales,  S77                               ^^^^H 

Indigo  blue,  440 
Indigogcn,  440 
Indirect  vision,  784 
Indol,  310 

Jacksonian  epilepsy,  717,  728 

Jacobwn's  organ,  S39 
Jaeger's  types,  771 
Jaundice,  299 
Jaw.jerk,  667 
Joints— 

Arthrodial,  535  . 

Itall  anii  socket,  535 

flinglymus.  534 

Meclianisin  uf,  533 

HiK'*l.  535 
Screw  hinge,  534 
Juice  canals,  332 

Language,                                                  ^^^H 

Lanugo,  4S0                                                  ^^^^H 

La]<ptng,  248                                            ^^^^1 

Induction,  584 
Iiuluctoriutii,  586 

Lardaccin,  410                                          ^^^^^| 
Large  intoriine.  311,  319                            ^^^^H 

Inferior  niaxillary  nerve,  627 

absorption                                          ^^^^H 

Inhibition,  nature  of,  665 
liihiliition  of  reflexes,  664 

Laryngoscope,  551                                    ^^^^H 

Larynx —                                                   ^^^^H 

Inhibitory  action  of  brain,  725 

Cartilages                                           ^^^^H 

nerves,  614 

During  respiration,  2oo                     ^^^^H 

for  heart,  69 1 
for  intesline.  264 
for  respiration,  686 

Experiments  on.  552                            ^^^^^H 

of,  551                              ^^^^^H 

Mucous  membrane  of,  550                ^^^^H 

Inosinic  add,  417 

Karyokinesis.  856 

^^^^H 

!n«ii!.4i6 

Kaialwlic.  373.  i"5 

552                                      ^^^^1 

Insectivorous  plant%  JI7 

Katalepsy,  708 

Vocal  cordf,  546                               ^^^^H 
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^^H               LAtent  hc.1t.  347 

Lungs,  tonus,  189 

ilisen-.e.  L'j  7       ^^^^^^^B 

^^^1                           pchoil,  664 

Luhule,  4$o 

Meno|iausc.  Sr)7                        ^^^^H 

^^H                Lateml  tiiolcii.  S7S 

Lutein,  S6(^ 

^^^^^^H 

^^^1               LauKhhig,  208 

Luxus  cuaNumption,  389 

^^^H 

^^^^^^        Law  of  conservation  of  energy. 

Lymph,  33a 

^^H 

^^^^^^K 

movement  of,  34I 

^^^^^K              contmcUon,  601 

gases  of,  220 

Mesoblasl,  875                                     ^H 

^^^^^^H             jsolAtet)  condactton.  6u6 

Lympti  corpuscles,  337 

Mesonephnis,  898                               ^^B 

^^^^^^M              peripheral  pcrccptiun,  S47 
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origin  of,  332 
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^^H               Legiimin,  383,  410 
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Macropia,  620 
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structure  of,  375 
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^^^^^B                  fat  in,  3S9 
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Functions  of,  682 
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^^^H 

^^^^^^^                  chemical  oomposilion  of, 

Mclli1.»rmia,64 

Mnint  centres,  do^,  715            ^^^^H 
excision  oC  731              ^^^^H 
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Mucigen.  321 

Mnsiliility,  529,  S54 
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Mailer's  ducu,  S98 
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Murcxttlc  lest.  435 
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Mydriasis,  619 
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^^^H                    arrangement  of.  535 
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^^^H                   chemical    composition, 

rent  on, 51S 

of,  S44            ^^^^H 

^^m 

method   of  studying. 
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spring.  515 
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Myohfemaiin.  413 
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^^^H          50^ 

Myopia,  771,  773 
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Nerves,  anabolic,  615                          ^^^^H 

^^^^^^H          excitability  of,  506 
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Nerve  cells,  bipolar.  566 

Miuhipoiar,  565,  659 
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^^^^H                             137 
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Parakresnl.  440                            ^^^^H 
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Oi8ein.4ii 
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Parnpbasia.  731                                   ^H 

^^^^^^L 

Ovarian  tubes,  863 

Paraxanihin.  417,  4^6  ^^B 
Pare  lee  Itunomy,  590                  ^^^^H 

^^^^f                       ID  body,  407 

Oary,  862.  S98 
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law  of  rertexei,  662 

Pons  Varolii.  736 
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catacrotic,  121                           ^^^^H 

Pholop^ia,  618 

Pressor  fibres,  673.  697 

characters  of.  I27                              '^H 

['hrcnograpli,  194 

I*rc»5ure,  anenal.  145 

conditions  affecting,  127           ^^^H 

Phrcnolojjy,  704 

atmo.sphcnc,  229 

^^^^^1 

PhylLigcny,  904 
Phylauwmose,  410 

intra  labyrinthine,  827 

^^^^1 

of  blood',  141 

entoptical,  137,  780                 ^^^^1 

Phyloniycetcs,  456 

respiratory.  205 

historical,  I16                           ^^^^^H 

Pia  mater.  742 

sense  of,  850 

hyperdicr"lic,                            ^^^^H 

Picric  acid  ie«,  452 

Presystolic  sound,  91 

^^^^H 

I*icro-saccharitneter,  453 

Prickle  cells,  477 

in  jugular  vein,  i66                 ^^^^^H 

PiKHienl  cells,  492 

Primitive  anus,  881 

Lutluence  of  pressure  on,                ^^H 

Pitch,  .S2S 

chorion.  875, S83 

^H 

Plactiiu.  884 

circulation.  S79 

influence   of   respiration                ^^H 

Pli-icciilat  bruit,  164 

groove.  875 

13>                                           ^H 

Plantar  rellex,  666 

kidneys.  897 

instruments    for  invest!-               ^^M 

Plants,  characters  of,  xxxviii 

mouth,  881 

gating,  117                                    ^^M 

electrical      currents     in, 

streak,  87 5 

166                              ^^^^H 
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Primordial  cranium.  888 

^^^^H 

Plasma  cells,  742 

ova,  8e>3 

of  variuiib  arteries,  129           ^^^^^H 

of  blood,  46,  54 

Principal  focus,  759 

|»ar.iduxical.  133                        ^^^^^H 

of  lymph,  338 

point.  761 

137                        ^^^^H 

of  milk,  378 

Progressive   muscular    atrophy. 
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of  muscle,  501 

539 

trigeminal,                               ^^^^H 

Plosmine,  ^0 

Pronephros,  898 

varialians        128                     ^^^^H 

Plethora,  64 

Pronucleus,  male,  874 

^^^^^H 

Plethysmography,  167 

female.  873 

^^^^1 

Pleura,  1S7 

Propepsin,  271 

PaUes,  383                                         ^^H 

Pleuroperitoaeal  cavity,  878 

Propepiooc,  274 

Pulsus  alternans.  128                         ^^^^M 

Plcximeter,  202 

Protacon.  413.  5^7 

bigeminus  128                         ^^^^H 

Piicumatc^ram.  I94 

Proteids,  408 

127                  ^^^^H 

Pneunuiometer,  206 

coagulated,  410 

dtcrotus.                                  ^^^^H 

Pneumograph.  194 

gastric     digestion     of, 

128                    ^^^^H 

Pneumonia  after  section  of  vaei. 

274 

^^^^H 
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fermentation  oU  310 

Pumping  mechanisms,  342                ^^^^H 
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Rotatoiy  di^  for  oolors  7QI          ^^H 

^^^^^^^V                  movemcnLa  of,  776 

Respiration,  183 
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^^^^^^                  photometer,  778 

amphoric.  205 

^^^^^M 

^^^B                                         378 

artificial,  224 

Saccharomycdes,  3S6           ^^^^H 

^^^H                PurBitivcs,  265 

bronchial,  204 

Saccharose,  415                           ^^^^^H 

^^^^                 Purkinjc,  cells  of,  739 

centre  for.  686 

Saccule,                                         ^^^^1 

^^^^^^                         fibres  of,  73,  49S 

chcmislry  uf.  209 

Saficanllchen,  333                      ^^^^H 

^^^^^                                     779 

cog-wheel,  305 

Saline  catliartica,  265 

^^^^^^P                       Sanson\  imiiges,  76S 

cutaneous,  219 

Sniiva,  action  of  nerves  00,  ajj 

^                Putrefactive  procctoci,  307 
^^^H                   Pyluric  glands,  267 

forced.  J  95 

aciinn  of  poistvns  on.  241 

in   a  closed    space, 
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^^^H                                         changes  in,  370 

221 
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^^H                !*yramidal  tracts.  67S 

in  animals,  193 

compositiou  of,  243               ^^M 

^^^^1                                    clcgenemtiuii  of,  727 

intcrual,  219 

Saliva  facial,  237                             ^^^^H 

^^^H                Pyrokatechin,  415,  440 

intestinal,  330 

functions  of,  344             ^^^^H 

mccbanLun  of,  190 

mixed,  243                      ^^^^H 

^^H                Quality  of  a  note.  82S 

muscles  of,  196 

new-lHim  chiUI,  244              ^^^| 

^^^B                 (Quantity  of  blood.  63.  159 

nasal,  207 
number  of,  192 

|>arotid.  240                      ^^^^M 
pattiolocical.  314           ^^^^H 

ptriodic,  196 

^^^^^H 

prcKiure  during,  205 

\r>n  of,  *39^^^^M 

^^^1                RtUes,  dry,  305 

sounds  of,  204 

^H 

^^^H                             moist,  205 

time  nf.  192 

^^H 

^^^1                 Rami  communicantcs.  649 

type,  195 

^^H 

^^^H                  Range  of  accommo<tation,  77a 

vahaiiuns  uf,  192 

...:_.._l..  2J9          ^H 

^^^H                   Ranvicr'»  nodes,  564 

vesicular,  204 

Salivary  coqnisctes,  243                   ^H 

^^^H                Raynaud's  disease,  614 

Respiratory  apparatus,  183 

glands                                 ^H 

^^^^B                Kenclion  impulse.  Si 

Andral  and   Oa.var' 

changes  in,  235                    ^^1 

^^^H                  keactiuri  uf  dcgenemlion,  607, 

rel,  20g 

dcvelu)>mcnt  ol,  896            ^^H 

^^^B                     610 

centre,  686 

nerves  of,  337                      ^^M 

^^H               Hciiciion  time,  605 

mechanism  of,  190 
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^^m                 Recovery.  533 

V.  Petlenkofer,  211 

Sonson-T'urkinjc's  ima|[ci>»  779        ^^M 

^^H                 Rectum.  205 

i|UDticni.  212 

SaponiliCdtiou.  2H3                             ^^M 

^^^1                Kecurrent  pul^,  130 

Rpgnaiill   and    Ret- 
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^^^H                                 sensibdiiy,  646 

set ,  2 1 1 
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^^^1                Red  blindness.  794 

Scharling.  210 

Sarcolcmma,  494                      ^^^^H 

^^^H                 Ke<luced  eye  of  Lisiini;,  764 

Rete  mirabile,  67 

Sarkin.  417,  4i<^                       ^^^^| 

^^^1                Reductions  in  intestine.  30S 

Retina,  754 

^^^^1 

^^H                Retick  acts,  examples  of,  662 

activity  in  vision,  785 

Saviolti's  canals.  279                 ^^^H 

^^^H                              inhibition  of,  664 

hh^sd  vessels  of,  753 

Scheiner's  ex|>eTiinrnt.  770             ^^H 

^^^^^^^1                    movenienl^,  666 

chemistry  of,  757 

Schiti's  trst,  43^                           ^^^^H 

^^^^^^B                     movement!*,    theory    of. 

capillaries,     rouveroeDls 

Sclii/oniycctrs.  (»6                       ^^^^H 

^^^H 

i'l.  779 

Schmidt's  icsearchea,  50            ^^^^H 

^^^^^H                       615 

epithelium  of,  756 

Schreger's  hues,  2.;o                 ^^^^M 

^^^^^^1                   Epaum,  661 

rods  and  cones  of,  756 

Schwann's  sheAih,  563              ^^^^1 

^^^^^^B                               67a 

sliinubtion  of,  796 

Sclerotic,                                       ^^^H 

^^^^^^^P                    time,  664 

structuie  of,  757 

Scoliosis.  538                              ^^^H 

^^^^^^ 

visual  |iorple  of,  756 

Scoiotna,  7S9                              ^^^H 

^^^H                 Refracted  ray,  761 

Retinal  im.tgc,  formation  of.  764 

Screw  hinge  joint,  334              ^^^^H 

^^^^B                Refractive  mdices,  761 

siic  of,  765 

Scrotum,  formMion  of,  899      ^^^^H 

^^^1                  Regoncmliun  of  tissues,  402 

Rctinoscopy,  784 

Scurvy.  05                                            ^^H 

^^H                                                ner^-e,  575 

Rigor  monis,  504 

Scyllit,  417                                        ^H 

^^^H                Rcgio  olfactoria.  839 

Rhcocoril,  578 

Sebaceous  glan>ls.  483                     ^H 

^^^H                             respiratoria.  839 

Rheometer,  155 

5«cretiun.  483                 ^H 

^^^H               Keis8ner'5  membrane,  825 

Rhcophores,  606 

Seborrhira,  489                                   ^^H 

^^^H                Relative  proportions  of  diet,  3S9 

RhcoscDpic  limb,  590 

Secondary  circu1st''*n.  87Q                ^^H 

^^^H               RemaU's  ganglion.  94 

Rheostat,  578 

Coil                          ^^M 

^^^H                Ren.tl  plexus,  461 

Rheolom.  593 

iW               660       ^M 

^^H                Rennet.  276.  378 

Rhiitoscopy,  552 

^^^^^^H 

^^^H                RcpRKluctiou,  forms  of,  S56 

Rhodophane.  757 

Sccrelioi)  currents.  596              ^^^^H 

^^^K               Rcqutsiics    in    a    proper    diet. 

RhodopMn,  756 

*Sf'-'->-:<->'~<.    r>rr\rs,  t>t J                      ^^^^^H 

Rickets,  539 

^^H 

^^^H               Reserve  air,  191 

Hitter's  oi»ening    tetanus,  600, 
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^^^V               Residaal  air,  191 
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Semen,  composition  of,  S6o 

Sounds,  vesicuLir,  204 

Spirochxta,  66                                 ^^^^M 

cjaculolioD  of.  S72 

Spasm  centre,  702 

Spirometer,  191                                ^^^^H 

rccepuon  of,  872 

Spasmus  nictitanN,  634 

Splanchnic  nerve.  651                        ^^^^H 

Semicircular  canals,  826 

Specific  energy,  790 

Splanclinoplcure,  S78                        ^^^^H 

Sensation.  748 

Spectacles.  773.  S13 

Spleen,  172                                       ^^^H 

Sense  ory-ins,  74S 

Spectra,  at)sori«ion.  38 

action  of  drugs  on,  175                 ^^H 

Ocvelopment  of,  901 

tlanie,  iH 

chemical       composition,             ^^M 

Sensory  areas.  724 

optical,  781 

174                                 ^M 

ciotwwny,  679 

Spectroscope,  38 

contraction  of,  175                  ^^^^M 

paths,  679 

Spectrum  mucro-lacrimale,  779 

extirpation  uf,   174                 ^^^^H 

Serin.  417 

of  bile,  295 

174                    ^^^^H 

Scnim  of  blood,  46,  54 

of  blood,  39 

influence  oi  nerves  on,       ^^^^B 

Serum  albumio,  55,  409 

of  niLificle,  49G 

176                                        _^M 

globulin.  54,  4og 

Speech,  555 

oncograph,   175                      ^^^^B 

Setschcnow's  centres,  665 

centre  for,  729 

rcgcncntion  of,  174               ^^^^H 

Sex,  difference  of,  900 

pathoWical     variations, 

172                          ^^^^H 

Shadows,  lens,  779 

558 

tumors                                      ^^^^H 

colored.  798 

Sperm  atin,  860 

^^^^H 

Sharpcy's  fibres,  S92 

SpermalOMM,  860 

Spontaneous  generation,  856            ^^^^^H 

Short-stgliiednew,  771 

Siwrmaloblasts.  85S 

^^^H 

Shunt.  582 

Spina  bifida,  743.  8S0 

spring  kymograph,  143  ^^^^H 
S]>ring  myograph,  515                         ^^^H 

Sia1og(igiie&.  241 

Spinal  accessory  nerve,  G44 

Sighing,  208 

Spinal  cord,  654 

Springing,  542                                    ^^^^H 

Simple  colors,  791 

action  of  blood  and  poi- 

Sputum abnormal,  229                    ^^^^H 

himuUancous  contrast,  784 

sons  on,  671 

normal,                                  ^^^^^H 

Single  vision,  803 

anterior  roots  of,  647 

^^^^H 

Sitlii^;.  540 

blood  vessels  of,  65S 

Stammering.  559                              ^^^^H 

Size.  405 

cenircii,  668 

Standing,  539                                      ^^^H 

eMJmation  of,  808 

conducting  paths  in,  671 

Staimius's  exi>erimem,  96                ^^^^H 

false  estimate  of.  SoS 

conducting  system  of,  659 

Stapedius,  822                                  ^^^^H 

Skatol,  311.441 

develupmcnt  uf,  901 

Starch,  416                                       ^^^H 

Skin,  absorption  by,  489 

degeneration  of.  659 

Stasis.  162                                        ^^^^B 

chorium  of,  477 

excttabitiiy  of,  670 

Statical  theory  of  Gollz.  637            ^^^^| 

^^                  epidennis,  477 

FIcchsigs  systems,  659 

.Stationary  vibrations,  Sl6                ^^^^H 

^^^fe               funalons  of.  484 

ganglion.  645 

Stcapsin,                                               ^^^^H 

^^^1                galvanic  conduction  of,  4S9 

Ocriach's  thcor)",  657 

Stenopeic  speclacles,  774  ^^^^H 
Stenosis,  88                                      ^^^^B 

^^H                 glands  of.  482 

nerves,  645 

^^^B                 historical,  490 

neurcjglia  of,  657 

.Stenson's  experiment,  505               ^^^^H 

^^^^1                protective  covering,  4S3 

nutritive  centres  in,  660 

Stcrcnbilin.  296.  313                             ^^^^H 

^^^^p                respiratory  organ,  484 

posterior  tools  of,  648 

Stcrcorin,  313                                    ^^^^H 

^^^                 slnicture  of,  477 

reflexes,  661 
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H                          varuiUiing  the,  371,  484 

regeneration  of,  703 

Stereoscopic  vision,  805                     ^^^^H 

B                  Skin  current:^,  591 

Mcondnry     degenemtloii 

Sternutatories,  207                           ^^^^H 

■                  .Sleep.  707 
^^^^        Small  intestine,  319 

of,  659 

Stclhograph,  193                                ^^^^B 

Kgmeni  of,  680 

113                           ^^^^B 

^^^H                   absurptiun  liy,  337 

structure  of,  654 

Stillini;,  canal  of,  756                      ^^^^B 

^^^P                  structure  of.  319 

lime  of  development,  661 

Stimuli.                                            ^^^^B 

V               Smegma,  485 

transverse  Mction  of,  673 

^^^^H 

f                  Smell,  sense  of,  839 

nnitatcral  section  of,  674 

heterologous,  74S                  ^^^^^H 

Sntfeiing,  207 

vasomotor  centres  in,  696 

homologous.  74S                   ^^^^H 

Snellen's  types,  772 

WoroscbilofTs     olwerva- 

muscular,  509                          ^^^^H 

Snitfmg,  S40 

lions,  656 

StofTwechscl,                                     ^^^^H 

Snoring,  20S 

Spheivo  pabiine  ganglion,  626 

^^^^H 

Sodic  ctiluride.  407.  442 

Spherical  aberralion,  774 

catarrh  of,  319                    ^^^^H 

salts,  408 

Spliincters,  535 

changes  iu  glands,  270              ^^H 

Solitary  follicles,  324 

Sphincter  ani,  360 

diseases  of,  314                    ^^^^^M 

Somatopleure,  87S 

pupilKv,  754 

gases  in,                            ^^^^H 

Sorbin,  417 

urelhrv,  472 

glands  of,  266                     ^^^^^H 

Sound, 815 

Sphymograph,  iiS 

movements  of,  256             ^^^^H 

conduction  to  car,  815 

Dudgeon's,  130 

structure  of,  266                ^^^^^H 

direclion  of,  836 

Mareys,  118 

Stomala,  1 13.  335                      .^^^^H 

dixt.ince  of,  837 

Sphygmometer,  129 

Stornod(euni,                                |^^^^^H 

|)erceplion  of,  S37 

Sphygmogram,  122 

Storage  albumin,  388                ^^^^^^^| 

rellcction  of.  815 

Sphygmomanometer.  144 

Strabtsmu<>,  738                                  ^^^^^| 

Sounds,  cardiac,  85 

Sphygmriscope,  I2fl 

Strangury.  475                                     ^^^H 

crack«|.pot,  204 

Spiral  joints,  534 

Strasburg's  lest,  451                           ^^^^H 

lympanilic,  203 

Spirillum,  66 

Strobic              797                              ^^^^B 
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Tpcnla,  857 
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^^H 

Tail  fold.  87S 

regeneration  of.  402               ^^| 

^^H              Stmcglc  Tor  existence,  903 

Talipes  calcaneus,  538 

Tissue  mctalKilism,  400               ^^^^B 

^^^^              Strychnin,  action  of,  663 

cquinus.  53S 

Tobin's  tubes.  227                      ^^^^H 

^^^P              Stuttering,  559 

varus,  53S 

Tomes,  fibres  of,  249                  ^^^^H 

^^^1              Sobarachnoid  mce,  74J 
^^m                                     lluid. 

Tambour,  Marcy'ii,  120 

Tone  inductonum,  53J              ^^^^H 

Tapeium,  784 

^^^H 

^^^B                Subdural  spacer.  742 

Tappiiif;  experiment,  &91 

Tongue,  glands  of,  332                 ^^^^B 

^^^H               Subjective  scnaatiun!!,  749 

Taste  bull*.  841 

moveiiicnts  of,  253              ^^^| 

^^^H               Sublitt^unl  inland,  240 

organ  uf,  841 

nerves        253               ^^^^H 

^^^H                Submaxillary  gan|;liun,  62S 

testing.  S42 

ta-^te  hullM,  841             ^^^^B 

^^^^^^                                atropin  on,  239 

Taurin,  417 

Tonometer.                                 ^^^^H 

^^^^K                                           237 

Taurocholic  acid,  293 

Tonus,                                         ^^^^^H 

^^^^^g                                          239 

Tea.  385 

Tonsils.  233                                ^^^^1 

^              Successive  hents,  S36 

Team.  810 

Tooth,  249                                       ^H 

^^^B                                    oomrast,  799 

Tegmentum,  676 

action  of  drugs  on,  255         ^^M 

^^^H              Succinic  acid.  414. 

TcleitcreoBcopc,  S07 

cheniifitry  of.  25I                      ^^B 

^^^H               Succus  eiitcTiciis,  303 

Temperature  of  animals.  351 
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accommodation  for, 
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^^H              Suction,  248 
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253              ^^^^H 
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^^m                  415 

of,  369 

structure  of.  249              ^^^^H 

^^^H                         estimation  of.  347 
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how  influenced, 354 
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^^^^B              Sulphindigotalc  of  soda,  461 

lowering  of,  370 

Toqiedo.  612                              ^^^^H 

^^^H              Sumnution  of  stimuli,  531.  63a 

post  mortem.  369 

Torticollis.  644                           ^^^^| 

^^^H               Summational  tones.  S}(t 

regulation  of.  361 

Touch  cor]m<idcs,  844                 ^^^^^H 

^^^M              Superfecundntion,  873 

topography  of.  353 

Touch,  senM  of,  844                    ^^^^H 

^^^H              Supcrlicial  rctlcxcs,  666 

variations  of,  358 

Trachea,  183                               ^^^^B 

^^^H               SupcrfL-tntion,  873 

Temperature  sctise.  852 

Transfusion,  63,  t6S                    ^^^^^H 

^^^H               Superior  maxillary  nerve,  626 

illusioaB  of,  853 

of  blood.  t6S                 ^H 

^^^H              Suprarenal  Citpsulcs,  iSo 

Teadon.  500 

of  other  fluids.  i;t       ^^M 

^^^H               Surdtlai  verbalis,  732 

nerves  of.  500.  S46 

Trannlionnt  epithelium,  471               ^^| 

^^H                   535 

reflexes,  667 

Traiisudilions.  34$                              ^^fl 

^^^H                            484 
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Transplantation  oi  liftsuc^,  405           ^^H 
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Trapezius,  ^pnsm  of,  644                     ^^M 

^^W 

Testicle,  descent  of,  887 
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^^^^^^^H                  conditioiu  iiilluenctng  ae* 

Testis,  857 
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Tetanus.  521.  571.663 
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^^^H 

secondary',  591 
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^^^^H                          483 

Thaumatropc,  796 

ganglia  of,  623.  636,  teS^^H 

^^^^^^B                            485 

Thcobromin.  385 

inferior  maxillan  braodl.       ^^fl 

^^^^^^B                 nerves.  4S7 

'I'hermal  cortical  centre.  160 

627                        H 

^^^^^^1                 |>aih<jlo^ical  variations  of. 

Thermo-electric  mcthinls,  351 

neuralgia  of,  629                     ^^B 

^^^^H 

needles,  353 

ophthalmic  brancli.  631         ^^M 

^^^^^m                       4$s 

"Theiinometcr,  351 

parali|-sis  of.  629                      ^^B 
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metastatic,  351 
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section                                      ^^M 

^^^^L^^      Sytn|]atlietic  ganglion,  649 

m;il.  351 

nncnni,.                 ranch.      ^H 

^^^^^^L                             nerve,  649 

outflow,  351 
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^^^^^^P                                           051 

Thermometry.  351 

trophic  function*  ol,  634^^H 

^^^^^^                              stimulation  of,  651 

Thirst.  390 
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^^^B           Symoheses,  535 
^^^V            SynchondroKS.  535 

Thiry's  fistula,  304 
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Thomson's  disease.  510 

Trochlcdris,  62t                             ^^^^fl 

^^H             Syncope, 

Thoracomcter,  201 

Trommcr's  tcsi,  246                        ^^^^H 

^^^^L             Syner^getic  muscles,  538 

Thymus.  177 

Trophic  centres,  575                    ^^^^B 

^^^B             Synovia,  534 

development  of,  S89 

^^^^^H 

^^^B            Syntonin,  274 

Thyroid.  178 

nerves,  613,  634           ^^^^| 

^^H            Systole,  cardiac,  75 

development  of,  889 
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^^^^B 

Tidal  air,  191 

Troititig.                                        ^^^M 

^^^V            TftbcB,  672 

wave,  123 

Trypsin,  381                                 ^^^H 

^^^B              Tachcft  ccrebrnles,  701 

Timbre.  557,  828 
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^^^B             Tactile,  areas,  724 

Time    in    [.ksychical     processes. 

TryptDiic.  281                                 ^^^H 

^^^fl                           cor]->uBc1e!i,  846 

707      - 

^^^K                            scnaatiuns,     conduction 

Time  sense,  830 

Tubes,  capillary.  1 1 5                   ^^^^fl 

^H                           of»S4G 

Tinnitus,  637 

division          15               ^^^^H 
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^^^*                   ■ 

^^^^^^  Tubes,  elastic,  1 15 

Urine,  acid  fermentation,  443 

Urin»meter,  427                             ^^^^H 

^^^1                      movemenis  of  flaids  in, 

acidity,  430 

439                          ^^^^H 

^H 

albumin  10,445 

Urochrome,  439                                ^^^^^H 

^^m                      rigid,  134 

alkaline       fermentation. 

l.'rocr>ihrin,                                       ^^^^H 

^^^H          Tumultiis  sermonis,  730 

445 

Uro  genital  sinus,  899                    l^^^^l 

^^^H           Tunicin,4i6 

alkaloids  in,  469 

Uroglaucin,  439                                    ^^^^^1 

^^H          Tilrck's  method,  666 

amount  of  solids,  427 

Urumclauin.  439                              J^^^^l 

^^H          Twin!),  873 

bile  in,  450 

IVostealith,                                     ^^^^1 

^^H           Twitch,  515 

blood  in,  447 

Uterine  milk,  885                             ^^^^^H 

^^^H          Tymp&nic  membrane,  816 

calculi,  45S 

Uterus,  866                                     ^^^1 

^^B                            artiticial.  81S 

changes   of   in   Madder, 

development  of,  89S          ^^^^H 

^^m          TyrosiTi,  310,411.454 

475 

involution  of,  903               ^^^^^H 

color,  427 

of,  902                      ^^^^H 

^^^m         Ulcer  of  foot,  perforating,  614 

coloring  matters  of,  428 

835                                        ^^^H 

^^^V          Unipolar  induction,  5S5 

consistence,  429 

^^^H 

^^^H                            stimulation,  572 

eyslin  in,  454 

^^^^^H 

^^H          Umbilical  aneries.  8S3 

deposits  in,  455 

Vaguo,  638                                          ^H 

^^H                           cord.  S85 

dextrin  in,  453 

cardiac  branches,  640               ^^1 

^^H                            veins,  882,  886 

effect  of  blood  preMure 

depressor  nerve  of,  146,            ^^M 

^^^H                            vesicle,  S79 

on,  465 

640                                        ^H 

^^^H         upper  tones,  S31 

egg  albumin  in,  447 
electrical    condition    of. 

effect  of  section,  641                 ^^M 

^^H         Urachus,  S82 

[}athoIo}'ical,  643                        ^^M 

^^^H          Ur-cmia,  46^ 

611 

pneumonia    after    sec-            ^^M 

^^H 

excretion  of  pigments  by, 

tion,  641                                 ^^M 

^^H          Urea,  417.430 

462 

reflex  effects  of,  643                    ^^M 

^^^H                    compounds  of,  432 

fermentations  of,  443 

siintiilation  of,  150                      ^^M 

^^^H                   decomposition,  430 

ttuorcscence.  429 

unequal  excitability  of,             ^^M 

^^^1                    elTcct  of  exercise  OD,  431 

fungi  in,  455 

643                                         ■ 

^^^^                   ferment,  443 

gases  in,  443 

VaUeix's  points  douloureux,  854             ^H 

^^^^^^B           formation  of,  431,  463 

globulin  in,  447 

Valsalva's  experimeul,  105. 133,            ^^M 

^^^^^^^H 

incontinence  of,  475 

822                                       ^M 

^^^^^^H          occurrence 

iuBuence   of  nerres  on, 

Valve,  ileo-colic,  359                      ^^^^H 

^^^^^^B                             432 

465 

^^^H 

^^^^^^H           pathological,  431 

inorganic      conatituenla. 

Valves  of  heart,  7 1                          ^^^^H 

^^^^^^H           phosphate       432 

441 

disease  of.                            ^^^^H 

^^^^^^H            preparation 

ino«t  in,  454 

injur}-  to,                                 ^^^^H 
of  veins,  113                         ^^^^| 

^^^^^^H           properties        430 

leucin  in,  454 

^^^^^^H           qualitative   estimation  of, 

milk  sugar  in,  453 

sounds  of,                             ^^^^H 

^^^^H         432 

movement  of.  470 

V'alviil.T  conniventes,  319                ^^^^H 

^^^^^^H          quantitative  estimation  of, 

mucin  in,  447 

Varicose  fibres,  561                           ^^^^H 

^^^^1               432 

mucus  in,  447 

^^^^1 

^^^^^m                       430 

organisms  in,  455 

Varnishing  the  skin,  4S4                  ^^^^H 

^^^^^^r           relation  of,   tn  muscular 

passi^je    of     substances 

Vos  deferens,  859                              ^^^^^H 

^^V                       work,  431.503 

iuiu,  465 

Vosa  vftsorum,  114                                 ^^H 

^^^H           Ureameter.  432 

peptune  in,  447 

Vascular    system,   development       ^^^^H 

^^^H          Ureter,  ligature  of,  463 

phosphoric  acid  in,  442 

892                                             ^^^M 

^^^1                       structure   and  funaions 

physical     characters    of. 

Vasodilator  centre.  701                  ^^^^H 

^^H                     470 

426 

^^^^H 

^^^H           Uric  acid,  417 

pigments  of,  427 

Vaso- formative  cells,  26                 ^^^^H 

^^^H                 diathesis,  470 

preparation  of,  463 

Vasomotor  centre,  695                      ^^^^H 

^^H                   formation  of,  434,  464 

prope^^one  in,  447 

spinal,  700                              ^^M 

^^^H                 occurrence,  435 

quantity.  426 

Vasomotor  nerves,  course  of,  696             ^^M 

^^^B                 properties  of,  434 

reaction,  429 

Valer's  corpuscles.  845                              ^^M 

^^^H                 quuitatjve  estimation.  435 

retention  of,  475 

Vegetable  albumin,  4  to                     ^^^^M 

^^^H                  quantitative  estimation,  436 

secretion  of,  459 

^^^^^H 

^^H                   434 

silicic  acid  in,  443 

383                        ^^^1 

^^^m                  solubility.  435 

sodic  chloride  in,  442 

^^^^H 

^^m                   tests  fur,  435 

s|>ecific  gravity,  427 

113                             ^^^H 

^^^H           Urinary  bladder,  471 

spontaneous  changes  in, 

cardinal,  S94                         ^^^^H 

^^H                          calculi,  458 

443 

tlevetnpmenl  of,  894                     ^^^| 

^^^^L                        closure  of.  472 

sugar m,  451 

movement   of   blood   in.       ^^^^| 

^^H                        det>03Us,  455 

sulphuric  acid  in.  443 

163                     ^^B 

^^^H                       dc^-elopment  of,  882 

taste  of,  429 

murmurs  in,  164                    ^^^^^H 

^^H                        organs,  4i() 

test  for  albumin  in,  446 

pressure  in,  152                     ^^^^H 

^^^B                         pres.<vure  in.  475 

luUe  casts  in,  456 

^^^^H 

^^H         Urine,  426 

tyrosin  in,  454 

^^^^H 

^^^H                     accumulation  of,  473 

volume  of,  467 

tonus  of,  700                        ^^^^H 
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Veins,  valves  in,  113 

valvular  sounds  in,  165 
varicose,  152 
velocity  of  blood  in,  157 
Velocity  of  blood  stream,  155 
Ventilation,  226 
Ventricles,  70,  75 

aspiration  of,  75 
capacity  of,  140,  159 
duration  of,  159 
impulse  of,  Si 
negative  pressure  in, 

77 
systole  of,  82 
Veratrin,  519 
Vernix  caseosa,  485 
Vertebrae,  mobility  of,  540 
Vertebral  column,  880 
Vertigo,  637 
Vibrations  of  body,  137 
Vibratives,  557 
Vibrio,  66 
Villus  intestinal,  320 

absorption  by,  328 

chorionic,  875 

contractility  of,  322 

placental,  885 
Violet  blindness,  794 
Visceral  arches,  881 
clefts,  881 
Vision  binocular,  803 

single,  803 

stereoscopic,  805 
Visual  angle,  765 

apparatus,  750 

centre,  722 

purijle,  756,  790 
Vital  capacity,  191 
Vitellin,  409,  866 
Vitelline  duct,  879 


Vitreous  humor,  757 
Vocal  cords,  546 

conditions  influencing 
tlie,  553 

varying  conditions  of, 

549 
Voice,  falsetto,  554 

in  animals,  559 
pathological  variations  of, 

558 
physics  of,  545 
pitch  of,  545 
production  of,  554 
range  of,  554 
Vomiting,  257 

centre  for,  258 
Vowels,  830 

analysis  of,  555 
artificial,  832 
formation  of,  555 
Koenig's  apparatus  for, 

Waking,  707 
Walking,  541 
Walterian  law  of  degeneration, 

574 
Warm-blooded  animals,  350 
Washed-blood  clot,  50 
Water,  373,  390,  407 

alisorbed  by  skin,  489 

absori^ion  of,  328 

amount  of,  407 

exhaled    by    skin,   2 1 9, 

484 
exhaled  from  lungs,  212 
hardness  of,  374 
impurities,  374 
in  urine,  428 
vajior  of,  in  air,  212 


I  Wave  pulse,  1 22 

propagation  of,  136 
I  Wave  movements,  815 
I  Waves,  in  elastic  tubes,  134 
I  Weber's  paradox,  528 

law,  749 
,  Weight,  405 
Wharton's  jelly,  885 
Whispering,  555 
White  of  egg,  409 
Wine,  387 
Wolffian  IxKlies,  897 
ducts,  899 
Word  blindness,  730,  7jl 

deafness,  723 
Work,  524 
I  unit  of,  xxxiv 


Xanthin,  417,  436 
Xanthokyanopy,  795 
Xantbophane,  757 
Xanthoproteic,  reaction,  40S 
Xerosis,  624 

Yawning,  208 

Yeast,  386 
•Yelk,  865 

sack,  879 
Yellow  spot,  780 
Young- Helmholtz  theory,  793 

Zlmmennann,  particles  of.  34 
Zinn,  zonule  of,  757 
Zoetrope,  796 
Zollner's  lines.  810 
Zona  pellucida,  862 
Zooglcea,  308 
Zymogen,  281 
Zymophytes,  277 
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